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SOME POLYHALOOEN COMPOUNDS OF HYDROGEN. 1449 


CLXXL — Formation and Dmociation of some Poly- 
haiogen Compounds of Hydrogen in Aqueous Solution, 

By PlUYADARANJAN RaY and PuUN ViHARI ISarkar. 

Jakowkin {Z. pkysikal Chm,, 1896, 20 , 19) studied the dissoci- 
ation of polyhalogcn compounds of metals of the type XTg, XBr^, 
XCII 2 , XClBrg, and XBrIg (where X stands for Na, K, Li, or iBa) 
^ well as of HI 3 in aqueous solution Avith the aid of the distribution 
rnethod. The dissociation of KI 3 ind HI 3 ir^ aqueous solution at 
i different temperature has also been inyfestigated by Lawson 
(T., 1901, 79, 238 )> In the present paper, -Ave have shoAvn that the 
fermation of polyhalogen compounds of hydrogen, like HCII 2 , 
ffClBrg, and HBrIg, in aqueous solution can be definitely estab- 
Sshed with the aid of the distribution method, and their degree 
if dissociation examined. In connexion hercAvith, it may be 
pntioned that Mel lor (T., 1901, 79, 225) has also studied the 
Sormation and dissociation of HCI 3 in aqueous solution Avith the 
^d of the solubility method. So th^ series of polyhalogen com- 
Ipunds of hydrogen may now be regarded as complete. Higlier 
^lyhaloids like HIg have also been found by JakoAvkin to exist 
ib some extent in strong solutions of iodine in hydriodic acid {loc. cit). 
Tbe analogy between the alkali polyhaloids and the hydrogen 
aolyhaloids is therefore complete. The only difference lies in their 
Jomparative stability; Avhereas some of the alkali polyhaloids, 
specially the ciesium and rubidium compounds, have been 
sdlated in the free state, none of the hydrogen compounds can be 
bus obtained. 

^ In the following experiments, the dissociation constant has 
ieen calculated accarcling to a convenient formula emploA^d bv 
fakoAvkin, namely, K ^ a{a ~ 1 ^ a)/r(l _ *), ^vbere x‘'is the 
Association constant, a is tlie degree of dissociation, Avhich is equal 
p Cjch, where C is the concentr^ion of the halogen in the carbon 
lisulphide or carbon tetrachloride layer, c is the concentration of 
jbe halogen in the aqueous phase, and h the distribution coefficient j 
|is the volume in litres containing 1 gram-mol. of the halogen 
fement in the aqueous pliase, and a is the gram-molecular con- 
intration of the halogen acid in Amiume v. Applying the law of 
fess action for volume r, the aboA^e equation is obtained for the 
llanced reactions 

HCl + R *— HCIL or HClBra 
HBr HBrIg, 

3 E 
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or, expressed ionically, 

Cr -I- L or 13r^ ri: ClI/ or ClBr/ 
and Br' -[- Brig'. 

The concentration of free iodine or bromine is a/i;, that of 
is (1 — ct)jv, and that of HCI is {a ~ 1-f a)/y. 

In order that the equation of equilibrium may acquire the sinijjlo 
form given above, it is necessary to assume that the electrolytio 
dissoeiation of the hydrochloric or hydrohromic acid and of 
HOlBrg, or HBrIg is almost complete (which is not far from tin., 
actual condition) ; that the iodine or bromine molecules can coii]. 
bine equally well with the halogen ions (chlorine or bromine ions) 
and the undissociated halogen acid molecules (HCI or HBr mole- 
cules); and also that the undissociated complex polyhaloids, if 
present, must behave like the complex ions. In moderately con. 
centrated solutions (^.V or A") of lialogcn acids, these assumptioib 
become faulty to some extent, and in such ca.ses the dissocial i(,i\ 
constants will be found to vary slightly from those obtained fur 
more dilute solutions, Tlie small changes due to the mutual 
solubility of the two solvents and the indiionce of the dissoKva 
substance in the aqueous phase on tlie value of the distributiini 
eoetficient can b{' neglected. 

Formation, ami Di^ssoclation of the Compound HClIg. 

The distribution of iodine between hydrochloric acid of varyiiiL' 
concentration (2.V down to A/lfi) and carbon disulphide, caihnu 
tetrachloride, or chloroform was studied. Tor this purpose, in 
the case of carbon disulf)hide, the liydrocliloric acid (250 — 400 e.e.i 
was shaken Tucchanieally at tiic ordinary temfierature with iodiiu- 
and the organic solvent (50 c.c.) in wcll-stoppcred, glass boitlo 
of 500 — 750 c.c. capacity until c([uilibrium was establi.dii'd. 
When the immiscible solvents liad separated eom])leteIy, the 
concentration of the halogen in each laycT was determined, I0(i - 
300 c.c. of the tiqucous layer aiirl 5— 10 c.c. of the carbon disulpliidc 
being titrated in each case, the lirst with .V 100- and the sceem 
with .V/iO-thiosuiphate. The Cf/nstancy of the value of K lal 
culatcd on the u.ssumption that the compound IK'll., is fnniici. 
(Table I) justifies tlie assumption. The values of the dhtribiitici 
coefficient (A) are taken from Jakowkin’s results. 

The mean value of K is O' 023 with Iiydrochloric acid of all tm 
preceding concentrations. 

It will appear from the abovt^ table that tlie dissociation of tlu 
HClIg molecules or of tlie complex ions increases as the cuii 
centration of the hydrochloric aeidMiimini.she.s. in A'/lO-liydru 
chloric acid about 00 per cent, is dissociated. AVe may llicrvfun 
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Table I. 


Diatrilmtioii of iodine betwetjii oarl)OJi disulphide and liydruchloric 
acid at 25°. 


e. 

2.V-HC1 

C. 

h. 

r. 

a. 

K. 


55*46 

589*9 

646* 

3 0*2392 

0*64 

0*4488 

65*0 

503*0 

• 565* 

8 0*2464 

Alcan 0*2428 

0*605 

0622 

AMiCI 

0*0421 

9*198 

582 

6033 

0*3:54 

0*60-1 

0-083() 

18*07 

582*5 

3040 

0*37 12 

0*592 

0*1359 

28*32 

583-5 

1869 

0*3572 

0*597 

0-2237 

49*42 

588 

113,1 

0*3757 

0*602 

0*2425 

55*46 

589*9 

• 1048 

0*3877 

0*630 

0*4079 

90*22 

607 

622* 

G 0*3643 

0*594 

0*48G3 

110*0 

619 

522* 

3 0*3055 

0*597 

Oi9797 

168»4 

659*5 

373*6 0*3755 

Mean 0*37 1.> 

0*595 

0*0014 

^/2-HCl 

0*03238 

10*46 

582 

7843 

0*5551 

0*622 

0*05872 

18*96 

582*5 

4326 

055.50 

0*622 

0*0969 

29*591 

583*8 

2621 

0*5230 

(6596 

(M659 

54*92 

589*5 

1531 

0*5616 

0*636 

0*1898 

61*86 

592 

1339 

0*5506 

0*644 

0*1890 

63*23 

592*8 

1344 

0*5643 

0*048 

0*3222 

109*0 

618*5 

788*1 0*5468 

0*642 

0*3897 

131*5 

634 

651*8 0*5322 

Alcan 0*5486 

0*598 

0*626 

^/4-llCl 

0*02461 

10*363 

582 

ltl320 

0-7235 

0*6.53 

0*04223 

17*85 

582 

6015 

07263 

(i*65‘) 

0*06904 

28*56 

583*5 

3680 

0*7091 

0*609 

0*1337 

56*92 

591*0 

1900 

0*7202 

0*040 

01442 

59*58 

591*0 

1761 

0*(i9i)0 

0*628 

0*2348 

101*59 

613*0 

1081 

0*7058 

0*648 

0*2631 

115*8 

1)23*0 

965* 

4 0*7065 

Alcan 0*7129 

0*648 

0*640 

iV/8-na 

0*08.532 

40*72 

585*5 

2977 

08151 

0*627 

0*1020 

49*87 

588*2 

2490 

0*8312 
Alcan 0*8231 

0*616 

0*6215 

A’/lG-HCl 

0*08362 

4,3*49 

580*5 

3038 

0*8807 

0*012 

0*09627 

51*71 

588*7 

2638 

0*9124 

0*653 

0*1059 

56*78 

591 

2399 

0*9(^4 
Mean 0*9022 

0*610 

0*625 


conclude that the cotiipound Ht'Ilo or the complex ClL ion is 
incapahlo of indepond('nt existence in the absence of free Jiydra- 
chloric acid or chlorine ions^ or of iodine, the otlier product of its 
i;dissociation. 

I Distribution of Iodine, between Carbon Tilmchlorhk and Hydro- 
^loric Acid at 25°. — In this case the shaking ^ns effected in 
fcoppered bottles of 250— 500. c,c. capacity, UtO— 150 c.c. of the 
fcdmchloric acid and 50 c.c, of carbon tetrachloride solution were 
ployed in each case, andtiO—100 c,c. of the hydrochloric acid 
5 - 20 c.c. of the carbon tetrachloride solution were titrated with 

3e2 
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NjlOO- and ^/lO-tliiosuIphate respectively. The distributioi] 
coefficient was previously determined in separate experiments hy 
shaking carbon tetrachloride and water with iodine, and the mear 
of the values obtained for the concentrations employed in the 
following determinations was taken. The mean value found 
was 87. 

As a result of several determinations, the mean values of a ami 
K recorded in Table 11 were obtained at 25°. 


Normality 

Table 11. 


Table III. 

Normality 


of HCl. 

a. 

/x- . 

of HCl. 

a. 

K. 

1 

0-3719 

0-595 

1 

0-3687 

0-584 

0-5 

0-5461 

0-600 

0-5 

0-5480 

0-606 

0*25 

0-7176 

Mean 

0-635 

0-610 

0-25 

0-7142 

0-625 
Mean 0-603 


Distribuiion of Iodine between Chloroform and Hydrochloric Ack 
(it 25°. — Tlie distribution coefficient in this case was previously 
determined by a number of experiments at concentrations approxim. 
ately equal to those employed for the following dissociation experi- 
ments, the results of which are given in Table III. The mean 
value of the distribution coefficient employed wrs 132. 

Therefore the value of the mean dissociation constant of tho 
compound HClIj obtained from experiments with different solvent 
media remains almost constant, namely, 0*623 W’ith carbon di- 
sulphide, 0*610 with carbon tetrachloride, and 0*603 with chloroform. 

Dmociation of the Compound HCU 2 determined from SohbifiUj 
Measurements. —The degree of dissociation of the compound HC'lh 
in hydrochloric acid of varying concentration was more conveniently 
investigated by means of the solubility of iodine in water and in 
hydrochloric acid, as show*n in Table IV. The solubility of iodine 
in water gives the amount of free iodine, and the quantity in exees? 
of this dissolved by hydrochloric acid gives the amount of combiiu-d 
iodine as HClIa^or as Cil^ ions. 


Table IV. 
Tcmp.‘^25°. 


Normality 

Total 

I'Veo 

Combined 



of HCl. 

solubility. 

iodine. 

iodine, 

a. 

K. 

0 

0-3454 






-.1. 

1 

0-9:)26 

0-3454 

0-6072 

0-3i;2.) 

0 - 5 ; . 

0-.5 

0-6299 

0-3454 

0-284.5 

0-5483 

0-607 

0-25 

0-4852 

0-3454 

0-1398 

0-7119 

0-61S 

0-1 25 

0-4101 

0-3454 

0-0737 

0-8226 

0-600 

0-0625 

0-3810 

0-3454 

0-0350 

0-9065 

0-607 


Mi'Qn U'CUU 


The values of K and a thus deterHiined agree f-aiiiy well will) 
those obtained by the distribution method. 
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Formation and Dissociation of the Compound HClBr 2 . 

•From the heat of solution of bromine in hydrochloric acid 
Berthelot deduced the formation of the compound HClBrg {Compt. 
rend., 1885, 100, 761). 

The distribution of bromine between hydrochloric acid and 
carbon tetrachloride only was studied. Carbon disulphide could 
not be employed in this case on account of the tendency of bromine 
to act on the carbon disulphide in presence of water with the 
consequent formation of hydrobromic acid. This experiment and 
the following ones were carried out during the summer, when the 
room temperature was almost constant at 30*^. The distribution 
coeilicient of bromine between carbon tetrachloride and water was 
detfimined as uswal and the mean of the values for the concen- 
trations employed in the following experiments was taken. 


Table V. 


Distribution of bromine between carbon tetracliloride and 
hydrochloric acid at 30^. 


c. 

C. 

h. 

r. 

a. 

A'. 

Nim 

1-291 

16-02 

31 

124 

0-4228 

0-73 

1-541 

19-40 

,, 

103-0 

0-4072 

0-60 

i 1-881 

24-00 

,, 

85-()(; 

0-4115 

0-70 

^ 2-989 

38-38 

- 

o3* j 0 

0-4142 
Mean 0-4139 

0-70 

0-705 


0-6852 

12-60 


233-5 

0-5974 

0-74 

0-9210 

16-48 


173-7 

0-5772 

0-68 

2-1520 

38-54 

” 

74-35 

(l■5779 
Mean 0-7T842 

0-68 

0-70 

V;4.HCi 

1-.784 

36-36 


101 -0 

0-7403 

0-71 

2-240 

51-87 

- 

71-24 

0-7449 
Meaii U-7426 

0-73 

0-720 


The mean value of K is 0'708 with hydrocliloric acid of the pre- 
ceding concentrations. 


Formation and DissocMiiion of the Compound HBrT^, 

The distribution coefficient of iodine between water and carbon 
etrachloride was fir.st determined at 30^ for several different 


oncentrations. 

The results arc tabulated below^ 

c. (\ h. 

[Aqueous layer), . 

0-04070 n-sot sf 

, 0-0.7.700 4-4S;7 Si 

0-07518 0-100 


e, k. 

(Aqueous layer), 

0'0{>S.70' 84-0 

0-l:20.7 il-18 SO-33 

0-2003 IS- 10 80-70 


The distribution coefficients employed in the following determin- 
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at ions were then obtained from a comparison of the above values, 
plotted on a curve. 

Table VI. 

Distribution of iodine between carbon tetrachloride and 


hydrol)roinic acid at 30°. 


c. 

C. 

L 

V. a. 

K. 

.V-HBr 





0-9104 

4-676 

81-5 

277-4 0-062(> 

0-067 

l-2o4 

Iv697 

83 

202-5 0-0643 

O-069 

1-638 

S-90G 

84-6 

155-1 0-0643 

0-068 

1-98 

10-80 

85-5 

128-2 0-0638 

0-068 




Mean 0-0637 

0-068 

A;2-HBr 





0-3692 

3-53S 

81 

688 0-U83 

0-067 

0'682."i 

6-974 

S3 

372-1 0-1231 

0-070 » 

0-S692 

S-S.73 

85 

295-6 0-1212 

0-06‘1 

1-007 

10-42 

85-5 

252-3 0-1210 

0-069 




Mean 0-1209 

0-0687 






0-2806 

5-055 

81-5 

OO.j-1 0-2210 

0-071 

0-4070 

7-518 

83 

624-0 0-2225 

0-071 

0-4701 

8-782 

85 

540-3 0-2197 

0-070 

0-6116 

11-75 

86-4 

415-4 0-222H 

0-071 




Mean 0-22U 

0-0707. 

.V, 8-HBr 





0-1451 

4-296 

81-5 

1767 0-3632 

0071 

0-2,’516 

7-582 

83 

1009 0-3630 

0 071 

0-2844 

8-782 

85 

893-2 0-363-2 

0-071 

0-3855 

1207 

86-4 

658-8 0-3623 

0-071 




Mt-an tl-3629 

0-071 


Hcncc the mean value of K for hydrobromic acid of the procedini: 
cojicent rat ions — O'OOOO. 

Disirihution of Iodine between Carbon Disulphide and Hpdro- 
bromic Acid . — In the following experiments the coefficients ef 
distribution of iodine between carbon disulphide and water were 
calculated from Jakowkin's values for inti'oducing neee.ssarv 
corrections for the rise of temperature. Dawson {lor. rit.) has found 
that for every degree rise of tem{)erature the distribution coefficient 
of iodine between carbon distil phid(‘ and wat(T increases by 0'() per 
cent. Tlic \'alidity of this result was contirmed by carrying out a 
few experiments at 30°, at which temperature the following deter- 
minations were made. It should, however, be pointed out that 
at an elevated temperature like 30' the iodine has a tendeney in 
act on the carbon disulphide in presence of water, especially en 
shaking for a long time, giving rise to hydriodic aeid. Tliis often 
vitiates the results unles.s the water is renewed after eviTy deter- 
minalion. In the ]U‘es(‘neo of liydrolu-omic aeid, however, Ihi' 
tendency is diminislied, as is sliowii by the almost constant vahic 
of K in the following del (Ttninal ions, although no special care w;t> 
taken to renew the solution at the end of each experiment. Tbi* 
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J^ction of iodine on carbon disulphide is best explained in the 
If olio wing way. At 30^, the carbon disulphide is hydrolysed to 
j^ome extent on prolonged shaking with water, with the formation 
;|of hydrogen sulphide, which is then acted upon by iodine. The 
:jollowdng scheme represents the reactions : — 

^ CS2 + HP — COS + , ( 1 ) 

H2S + T2-2HI i-S ( 2 ) 

; A large concentration of hydrogen ion possibly hinders the first 
IteacUon. 

As a result of several determinations the following mean values 
of a and K were obtained at 30^. * 

Table VII. 


Normality 
of ilBr. 

a. 

K. 

1 

0-0(121 

0“0().57 

Ov") 

0-12U 

O'OOO 

()-2.5 

<1-2187 

0-0007 

01 2.5 

0-3Gt7 

O' 071 


The mean value of K for all concentrations of hydrobromic acid 
=^ 0 - 069 . 

It is interesting to compare tlic mean values of K for HClIg, 
HClBr 2 , and HBrlg wdtii one another and with those of XaCll 2 , 
KClBrg, and KBrIg found Ijy Jakowkin. 

HCIC. HCll^i-,. XaClC. KClBr^. KBrI,. 

K 0-00-U'ti2 0-71 CMJUa-<HJT0 0-44* O' 73 0-07s’ 

Temp. 25“^ 30° 30° 2.7" 25° 2,5° 

From an examination of the above values it appears that of 
three polyhaloids HCHo, IK.'lBro, and HBrl 2 , the last is least 
dhssociated and hence the most stable. Tliis is in agreement witli 
the general observation that weak ions exliibit the greatest tendency 
to combine with neutral moleeuk's to form stable complexes, 
fiere tlie bromine ion is less electronegative than the chlorine ion, 
icnce it wall eombiiK- with iodine moK'CuIc'.s to Jorm a complex 
more .stable than that f firmed })y the chlorine ion witli iodine or 
bromine molecules. Again, on ^comparing the dissociation of these 
'j^lyhalogcno-acid,s with that of the coiTes])onding sodium or potass- 
fcm salts, we find that IICII^ dissociates to a greater extent than 
^aOlIg, W'hereas HClBr^ and HBrF appear to be clissociated more 
^ less to the same extent as K(.'lBr 2 KRrU respectively. 



Jiccittrtl. Jdnjmrj/ ISfA, l!>22.] 
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GLASSTONE : 


CLXXII . — Physical Chemistry of the Oxides of Leqd. 
Part IV. Red Lead and Lead Sesquioxide. 


By Samuel Glasstone. 


Thp: object of this work was to determine by electrochemical 
methods the affinity relationships existing between triplurabic 
totroxide {red lead) and lead monoxide and dioxide, and between 
load sesquioxide and the simpler oxides. Incidentally it was hoped 
that light would be thrown on the question of the constitution of 






these more complex oxides. If Ihe electrodes Pt Pt ' 


Pt 


|Pb.A 

IphO 


|Pb,0, 


and Ptjpi^^ ^ thermodynamically reversible, it should 

be possible to calculate the free energy relationships required frojii 
determinations of their potential. Only those involving lead 
dioxide, however, were found to be reversible, and so the free 
energy of reactions involving the monoxide was calculated indircelly 

by utilising the potential of the Pt|p|^Q electrode. 


From these 


and other measurements, it has been shown that both red load and 
lead sesquioxide are definitely plumbous salts, giving Pb" ions in 
solution. 


E X P E R I :\I K N T A L. 

Led Lead. 

In setting up the electrodes, it was 

necessary to have each pair of oxides quite free from the third 
oxide, and tliereforc special nudhocls were adopted for the prepar 
ation of the mixtures to ensure this being the case. 

The Ptjpj^Q^'* Elect rode, — Reddish-brown lead monoxide w:i> 

heated with potassium nitrate so a.s to cause partial oxidation t< 
red lead. The mass was cooled, extracted with water, washed, am; 
dried. Some of this mixture vas placed in an electrode-vessel, whidi 
was then filled with .V-sodium liydroxide {free from carbonate), 
and a smooth platinum electrode inserted to the exclusion of air. 
As in previous measurements (sec Part U, T., 1021, 119, 1014), tlio 
P.D. of the half -clement was measured against that of the standard 
Hg|HgO A-XaOH electrode, using the same solution of alkali 
throughout. The vessels were gently shaken, and tiieir P.IF's 
measured from day to day as deserilfod in the conimuniratioii 

cit(‘d. 
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In another set of experiments, a good commercial specimen of 
&cd lead was digested with 20 per cent, alkali until free from admixed 
Imonoxide. This product was then mixed with reddish-brown, red, 
‘land yellow leatl monoxide, respectively, and the potentials in 
^-sodium hydroxide measured. 

fh no ease did the xV-NaOH electrode give any definite 

potential values. The results were very erratic, and altered con- 
siderably from day to day and even during measurement. It was 
blear that the electrode Avas not behaving reversibly. Lead 
Monoxide in alkaline solution is known to give Pb" and HPbOg' 
ions, and these would act reversibly with Pb”" and plumbate ions 
^Sespectively. Later work has shown that the i)Iumbic -plumbous 
:^tential can be quite definite in alkaline solution, but the plumbatc- 
’l^lumbite electrode is somewhat unstable. It appears that in the 
;^stem red lead, lead monoxide, and alkali, there are certainly no 
Jlumbic ions, although plumbate ions are possible. 

' I The Electrode . — The mixture of red lead and lead dioxide 

IPhOa 

%as obtained by warming a good specimen of red lead (completely 
iSbluble in hydrochloric acid) with dilute acetic acid, which dissolved 
m the excess of lead monoxide and partly decomposed the red 
Had. Dilute nitric acid was then added to decompose about half 
the red lead present. The mixture was washed, dried, and made 
up into alkaline half-elements by the method described above. 
Measurements were made from day to day, the vessels being gently 
shaken in the meantime. 

k^cale = 0. Measurements at room temperature (17^). 

Time after 
setting up 

.- (in days). 0 7 U 21 Final. 

P r 1. 0 328 0 320 0'320 0 325 0*32-» 

.7 ■ ‘ 1 2. 0:114 0 3 20 0-325 0-325 0-325 

^Ican 0-325 volt, 

^b.sequent determinations made with rod lead freed from monoxide 
;>^y alkali, and with stable electrolytic lead dioxide, gave results 
;^ontical with the above. 

The fact that the electrode J-XaOH gives a definite 

ad reproducible potential, suggests that, since lead dioxide in 
)lution«very probably gives plumbic ions, red lead in alkaline 
>lution gives plumbous ions,* and is thus a plumbous salt. The 
lumbous salt of the theoretical tetrabasic orthoplumbic acid, 
would bp Pb 2 ’^*Pb 04 , that is, Pb^O^, and hence ned lead 
i probably plumbous orthnplumbate. This constitution has been 
[ 3 E 
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previously suggested to account for tlio formula and soine of the 
cliomical properties of red lead, but there has hitherto been, no 
direct evidence that red lead is a 2 )lumbous salt giving Pb” ions in 
solution. 

Confirmation of this view was obtained by measurement of the 
potential of the electrode Pb|Pb 304 in ^V-NaOH, which should 
behave as a reversible lead electrode in contact with a solution 
containing a small but definite concentration of plumbous ions. 
Tlie lead electrode was prepared as de.scribcd in Part II of tbi.s 
series {loc. ciL), and the oxide used was waslusl as free as possilde 
from monoxide by means of 20, per cent, alkali. After three days, 
a constant value of - tVClO \o\t vas obtained at room temper- 
ature. , 

Utilising the value, obtained in some work to be published later, 

for the A-NaOH jjotcntial, namely, 0’2fiS volt, and that 

of the Pt electrode, 0-325 volt, we sec that red lead in 

jl bOg 

A^-sodium hydroxide gAes one hundredth ]iaii of the 2 )lumbous 
ions given by lead monoxide in the same solvent. The latter value 
has already been determined in ])revious work as 2*2 X 10“’’ 
gram-ions per litre at the ordinary temperature, lienee red load in 
A^-sodium hydroxide gives a plumbous ion concentration <tf 
2-2 X 10“^’. With this concentration tlie theoretical potential of 
the PblPbgO^ A"-XaOH electrode should be — ()-017 volt; tlr 
actual value (— 0'6!0 volt) is slightly liigher, jiroliably on accoun’, 
of the presence of traces of lead monoxide. 

SollibiUtu of Red Lead. - \i we assume that all the red lead in 
solution has ionised thus : 

Pb304 V - 2Pb“ PbO;"', 

then the solubility of red lead in A’-.sodium hydroxide* is Pi x Kr’’ 
grarn-mol. per litre at 17\ The solubility in pure watiT is probably 
of the same order. 

The solubility product of red lead, [ Pb"JV^bO./'"], is equal i-i 
(2'2 X 10“^’)'^ X M X KP’q that Is, 5'32 . : H) 

Dissociation Fressum.—licd lead decomposes into lead monoxide 

and oxygen, but since the electrode is not tbermodynanii- 

caliy reversible, the dissociation pressure.s can only be ealenlaled 
indireetly from a knowledge of the potentials of tliV lialf-elenuaits 

and ill A^sodium' hydroxide. 

The cell Pflpp^^ A^NaOH 11,(1 alm.)|Pt has an EJf.F. of 
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0*268— (- 0-810), that is, 1*078 volts at 17", and the reaction 
inyolved is 

PbO^ + PhO 4 - U4). 

The free energy of this reaction is therefore 1*078 x 06540 x 2 
joules. 

The cell iV-XaOH atin.)|Pt has an E.M.F. of 

0-.T25 — (~ 0*810), that is, 1*135 volts at 17", and the reaetirm 
involved is 

SPbOg + 2H2 - PbgOi + 2 }\fi, 

the free energy of which is tlierefore 1*135 X 96540 X 4 joules. 

From these two equations we deduce the free energy of the 
reaction : 

Pb^O^ + H. 3PbO -f H.O 

as 1*928 X 90540 joules. This would be the reaction occurring in 
the cell .V-XaOH ^^(l atm.)|Pt, were it ther?nodynaini- 

cally reversible, and its E.M.F. would thus be 0*964 volt. This 
cell may be regarded as an cell in which the oxygen i.s 

supplied at the dissociation pre.ssure of i*cd lead, and the hydrogen 
at 1 atmosphere. Using the value 1*232 volts as the E.M.F. of 
the cell with both gases at 1 atmos])lTer(‘, tlie dissociation pressure 
of red lead at 17" is calculated as 3*3 X 10“^^ aim. 

Reinders and Hamburger [Z. aaory, Chm., 1914, 89, 71) measured 
(he dissocial ioii pressure of red lead from 445 io 607 . and expre.ssed 

their results in the form of the e(juati(jn. log p — — 4“ 1‘75 

^ 4o/l/ 

log T 4“ 0*0002107' 4- 2*8. 8uhstituting the value 290' abs. ha* T, 
the er)rresponding value of the dissociation pressure is found to he 
6*0 X 10 atm. 

In order to calculate the tem])crature at wiiieli Jbe oxygen dis- 
sociation |)ressure of rtal lead becomes equal to tliat of oxygen in 
tlie atmosphere, it is necessary jo know the heat of the reaction 
involved. There appear to be no din'ct tliermochemieal measure- 
ments of this quantity, and therefoix a nu\an value of 36, (HX) calories 
will be adopted from tlie indirect determinations of K cinders and 
Hamburger {loc. cit.), tliat i.^, OPbO -r Go 210)304 - 3 G.(KX) cal. 

Method 1.— At the temperature at wliicli the cells 

A'-NaOH Hgll atm.)|Pt, and H 3 (l atm,) - Oa 0*21 atm.) have the 
iaine E.M.F., red lead will^have a dis.^ot'iation ])^es,^’u^e of 0*21 
jitm. The E.M.F, of both those cells is known at 17 4 and their 
jemperature coeflieienls may be ealeulated l)y applying tlie (lihbs- 

3 £* 2 
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Hclmlioltz ecluatioii to the knowji heats of the reactions involved. 
The temperature coelHcient of tJio first cell is -- 0-00044, and of 
the second — 0-00000 volt per degree. Assuming that these 
coefficients remain constant over several hundred degrees, we find 
that the EJLF.'s of the two cells become equal at 573°. 

Method 2 . — By the use of the integrated form of the van’t Hoff 
isochore, where partial pressures are involved, the temperature at 
whiel\ the dissociation pressure of oxygen in the reaction under 
consideration becomes equal to 0*21 atm. may be calculated as 
843° abs. (570° C.). From actual measurements of the dissociation 
pressure, Reinders and Hambunger {loc. cit,) find that red lead will 
decompose completely if heated in air at 539° C. 

Calculatio^i of E.M.F. bij means of Nern^Cs TAeorew.— By 
moans of the \ernst theorem it is possible to calculate the 

EJLF. of the cell Ptjpj^|^4 ~ H 2 (l atm.) at 0°. The reaction 
involved is 


PbgO, + H., - 3PbO 4- H^O, 

the water being in the form of ice. For this reaction at 17°, we 
have : = 68,400 {H, 0) 4- Iu80 (ice, water) — 16,750 (3PbO '■ 

^0^ — >■ PbgO^) — 53,230 cals. In order to calculate the heat of 
this reaction at 0 ° abs., it is necessary to know the molecular heats 
of the substances involved in the reaction. In the case of red lead, 
no figures could be found in the literature, so the molecular heat 
was calculated from tlie variation of the heat of the roactioti. 
CPbO -p O 3 — ^Pb 30 j, calculated by Reinders and Hamburger, 
Taking the molecular heat of lead monoxide as 11 - 8 , and that 
oxygen as 11-5, the molecular h(-at of reil lead is found to be 3 ‘} :{, 


tjsing this value and tlie usual \'alues of 6-8 for hydrogen, 9-5 fur 
ice, and 11-8 for lead monoxide, is evaluated as 52,550 calori(s. 
whilst p is — 0-004. Taking tlie " chemical constant ’’ of hydrogf-u 
a.s 1 - 6 , the E.^.F. of the cell uiuk-r consideration Ls 0-987 volt at 
0°. Using the more ap])roxi unite method in which water is iiivolvoi 
instead of ice, becomes 51,(i.)t^ p is - 0-018, and (?„ is 52,b(J 
calories. The EM.F. of the cell is thus l-(M} volt at 174 IT- 
actual value of the E.M.F. as calculated on page 1459, from 


measurements of the Pt 
volt at 17°, 


PbO 

PbO„ 


and ^*1 electrodes, is 0‘9i‘4 


Free Energy lielations. By taking tlie free energy of tlif- 
rcaction Hg -f 10.^= H 3 O as 1-232' x 2 x 96540 ’ joules, the free 
energy of the reaction 3PhO + I>1.^(), is 0.536 x 9(>54u 

joules, that is, 12,350 calorie.s at 174 The total energy of this 
reaction at the same temperature is I6,7i'>0 calories. 



PHYSICAL CHEMISTRY OF THE OXIDES OF LEAD. PART IV. 1461 


Lead Hejiquioxide. 

There has been a tendency on the part of previous workers to 
distinguish between anhydrous lead sesquioxide, PbgOj^ and the 
hydrated form, PbgOg.SHaO. Marino [Z. anonj. Chem., 1009, 62, 
173) stated that the product obtained by the action of sodium 
hypochlorite on a solution of lead monoxide in alkali (Winkelblecli, 
AnnaleUy 1837, 21, 21; Haussmanh, ibid., 1854, 91, 235) is an 
anhydrous sesquioxide, PbgO^, with basic functions. The orange- 
yellow precipitate obtained by mixing solutions of alkaline plurabite 
and plumbate (Fremy, Ann. Chim. Phys., 1844, [iii], 12, 488; 
Seidel, J. fr. Chem., 1879, [ii], 2Q, 200; Bellucci and Parravano, 
Z. anorg. Chem., 1006, 50, 107) was said to be the hydrated form 
of the sesquioxide. The latter authors sugge.sted, from the formula 
and method of preparation, that the substance is plumbous raeta- 
plumbate, Pb"*Pb(OH) 5 . 

In this work the Iiypoehlorite and plumbite- plumbate methods 
were investigated in detail, but in no case could an anhydrous 
sesquioxide be obtained. All the products were hydrated lead 
sesquioxide mixed with more or less hydrated monoxide, and 
sometimes dioxide. 

The Hypochlorite Method . — Relnders and Hamburger (?oc. at.) 
attempted to prepare lead sesquioxide by Winkel blech ’s method {loc. 
cit.) in order to investigate its oxygen dissociation pressure at various 
temperatures. These authors found that by varying the amount 
of sodium hypochlorite used, substances of formula PbO^ were 
obtained, where x varied from \A\ to P71 {PbgO^ require.s x - 1‘5). 
They inferred that the true sesquioxide docs not exist and that all 
the products arc simply solid solutions of monoxide and dioxide. 
Preliminary experiments l)y the ])re.'^ent author confirmed the results 
of Reinders and Hamburger in a general way, but there apjx'ared 
to be definite evidence of the existence of hydrated lead sesquioxide 
in the hypochlorite product, \aryjng amounts of sodium hypo- 
chlorite solution and sodium plumbite solution f^ere mixed, and 
the products analysed by the following method. The well-washed 
solid was boiled for a few miniftes with dilute acetic acid in order 
to decompose it completely. The monoxide })ortion dissolved in 
the acid, while the dioxide remained; the latter was well washed 
and then estimated iodometrieally by tlio method previou.^ily 
described (T., 1921, 119, 1907), The monoxide in the filtrate and 
washing.s w^as completely oxidised to dioxidt' by boiling with bromine 
water and a slight exce.'^s of aikali. and estimated in the usual way. 
By this moans the ratio of PbO ; PbO., was fimnd. To eom])lete 
the analysis, the original jWluct, having been dried to constant 
weight in a desiccator, W’a.s heated at a temperature suHicient to 
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fuse the monoxide formed, and the percentage loss was determined. 
Although the products obtained varied considerably and could not 
be duplicated, yet as long as there was no excess of lead dioxide, 
all the products were mixtures, or solid solutions, of hydrated 
aesquioxide, Pb203,3H20, and monoxide,. PbOjJH^O. Any consti- 
tution based on the assumption that the products mxtc simply 
solid solutions of monoxide and dioxide would mean that at least 
7 per cent, of adsorbed water was present even after drying to 
constant weight over sulphuric acid. A typical analysis is the 
following : the PbO^- and PbO -port ions required, respectively, 
5*75 o.c, and IPoo c.c. of the saipe thiosulphate solution. Loss on 
heating =11-7 per cent. The loss on heating a mixture of 5‘7d 
gram-mols. of Pb203,3H20 and 5’80 gram-mols. of PbO,JHoO would 
be 1()'6 per cent. The differenoe between IP’/ and lO’C migbl 
easily be due to adsorltcd water, since the product was amorphous. 

In view of the fact that a definite sesquioxide (mixed with 
hydrated monoxide) could be obtained by the hypochlorite method 
the investigation was continued. It was thought that the use of 
sodium hypobroniite made up from knoun amounts of bromine 
and alkali, instead of hypochlorite, might give the exact conditions 
under which the pure hydrated se.sqiiioxide could be obtained. 
The result of these ex^KTiments, summarised below, was to show 
that it Avas very improbable that this metliod would yield a pure 
product. 

Sodium Hi/pobromife MtlJiod. -When sodium liypobromite (nr 
hypochlorite) is added to an alkaline solution of lead monoxido, 
after one or two minutes a yellow ]>r(x-ipitate will slowlv 
form, which Avill gradually inen^ase in amount and darken in 
colour. The first precipitate invariably contains excess of lead 
monoxide, even when, as in one case, twemty tinu's tlie tlieoretieal 
amount of hypobroniite was u.setl. In this ease, the produci 
obtained within the first five minutes contained I granMuoIceule of 
dioxide to apprsximately 2 gram-molccuIes of monoxide: very 
similar results Avere obtained using tAventy times the thooniicjil 
amount of hypochlorite. On stamling, the ratio of dioxide lo 
monoxide in the precipitate gradually inerea.sed, and the fir);i] 
value depended on the dilution of the mixture, the amount of 
alkali present, and the excess (if any) of hyjKibromite solution. 
The theoretical amount of hypohroinito having lieen used, (he 
composition of the precipitate, after standing for tw('nty-four hours, 
corres])on(led Avith I granMno]('cule .(tf monoxide ‘to 0-7 'of the 
dioxide; Avith three times the theoreiical amount, the ratio of 
monoxide to dioxide was 1 : P2. WhMi a fairly larg(> (>xeess of 
hypobromito had been used, the eomf)nsi(ion ultimately approac!u‘<l 
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that of lead dioxide. In one ease a product of composition corre- 
sponding with the formula PbgOg was obtained, but this result was 
purely foiduitou.?, as was shown by the failure to repeat it. The 
hypochlorite and hypobromite methods must therefore be regarded 
as unsatisfactory. 

The Plumbite-Plumbak MetJiod . — This method was also found to 
be untrustworthy, and certain phenomena observed in the hypo- 
chlorite and hypobromite methods were also noted in this method. 
It will be shown later that all these methods probably involve 
the same ultimate chemical reaction, consequently it is to be 
expected that similar results will be obtained in every case. 

A solution of sodium plumbate ih 10 per cent, alkali was prepared 
by Bcllucci and Parravano's method [loc. at.) for the potassium 
salt? This was mixed with a solution of lead monoxide in l.j ]>er 
cent, sodium hydroxide. There was no immediate precipitation, 
hut after a few minutes a yellow precipitate formed, \\hicli increased 
in amount and became orange on standing. The comjwsition of 
this precipitate depended on the concentration of the solutions and 
the time of standing. When a small excess of plumbate and a 
large amount of alkali were used, the composition of the product 
approached that of lead sesquioxidc, but in most cases the products 
were mixtures (or solid solutions) of hydrated sesquioxidc and 
monoxide. In this and the other methods, the precipitate was 
sometimes deposited on the sides of the glass vessel in tlie form of 
a thin, shining, iridescent film. 

Xew TfetAorf.— The method found to be satisfactory for the 
preparation of fairly pure hydrated lead ses([uioxido depended on 
the fact, which docs not appear to liave been previously noted, that 
the sesquioxidc is appreciably solul)le in alkali solution. Lead mon- 
oxide, however, is much more soluble, and the dioxide i.s almost 
insoluble; hence, by retreated solution in alkali and partial pre- 
cipitation by acid, fairly pure hydrated scs(puoxidc may be obtained. 

Sodium hydroxide solution (’I.od c.c. of 1:^ ])er cent.) saturated 
with lead monoxide was diluted to oOO e.c., and otKl c.c. of sat\irated 
bromine water were added. T^ic mixture was kept over-nigbt and 
then wOvshed by decantation with water containing a little acetic 
acid to remove the excess of hypobromite and alkali. A pa.ste of 
tlie precipitate ami ^\atcr was stirred into a solution of (id grarn.s of 
sodium hydroxide in 300 e.e. of uater, \>armed at 50 \ The liquid 
was filtered, 40 grams of acidic acid diluted with LW e.e. of water 
were slowly added to the cold filtrate with continual stirring, and 
the gelatinous, yellowisli- brown preeijiitate ol)tained was washed 
by decantation and filtereikby tlie aid of the pum]). Befi'ire drying, 
a small portion of the precipitate was analysed in order to determine 
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the ratio of dioxide to monoxide. If the precipitate still contained 
excess of monoxide, it was redissolved in alkali and again precipitated 
with acid. On drying in a desiccator, the sesquioxide darkened' in 
colour and shrunk into small lumps, Avhich gave a brown powder 
by gentle grinding ; with fine grinding the colour became somewhat 
lighter. A product obtained by this method gave, on analysis, the 
ratio PbO : PbOg, and the loss of weight on heating was 14-5 per 
cent, ; pure Pb203,3H20 requires loss on heating = 13-56 per cent. 

Solubility of Lead Sesquioxide i)i Sodium Hydroxide Solution.— 
If a solution of lead sesquioxide in sodium hydroxide is boiled, 
then, provided that there is not too large an excess of alkali, lead 
dioxide will be precipitated andhhe resulting solution will contain 
sodium plumbitc (lead monoxide). This suggests that tlie solution 
of sesquioxide in alkali contains alkaline plumbivc and plunibate, 
for on boiling such a mixture, exactly similar results are obtained, 
either before or after sejjaration of lead sesquioxide. Ihe dissolution 
of sesquioxide in alkali may be represented thus : 

(solid) Pb^O. H- 30H^ HPbO; + PhOs" + H^O. 


In order to avoid complications in this and sul).set(uent equation.^, 
the 3H2O has been omitted from the formulae of both the sesquioxide 
and the plurabate ion, Ph((.)H)g"; nevertheless, the hydrated 
formula must be understood throughout. 

fHPb02'][Ph(V 


Wc thus have : 


a constant. 


[ORJ 

This explains all the methods of preparation of lead ses{{iiioxidi‘. 
If the solutions of plumbite and plum hate are mixed, the (m 1 11 i librium 
constant may be exceeded, and therefore sesquioxide will be 
deposited. In the hypobromite and hypochlorite methods the first 
action is probably the oxidation of plumbite to plum bate, the next 
being the. precipitation of the sesquioxide owing to the tend<-ricy of 
the equilibrium under discussion to estaldish itstdf. 'riie repre- 
cipitation from alkaline solution by means of acid is of course dm- 
to reduction of thb hydroxyl-ion concentration. If in any met bod of 
preparation, after the removal of the precipitate, either (u) plunilutc, 
(/>) plunibate, or (c) water is added, 'a further precipitate will form 
after a few minutes ; these facts are in agrt-ement witli the pilumbate- 
plumbitc-hydroxyl-ion equilibrium. 

An attempt was made to verify the ejiuilibriutn cfj nation liv 
determining the solubility of the sesquioxide in alkaline .solutions 
of varying concentration, Witli sodium hydroxide sol ut urns of 
reasonable concentration, the rate of dissolution was extreiuelv 
slow at the ordinary temperature, and on warming hydrolysis took 
place. This method was therefore ahai^dom'd. More salisfnelorv 
re.sults were obtained by mixing solutions r>f plumliite, plunibate, 
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and dilute alkali or water in various proportions and keeping tliese 
mixtures for four or five weeks at room temperature so as to pre- 
cipitate the sesquioxide, A quantity of the clear liquor was then 
withdrawn and titrated with standard acid. Another portion w’as 
decomposed by boiling with a slight excess of dilute acetic acid; 
the lead dioxide thus precipitated corresponded with the amount of 
plumbate present. The filtrate was oxidised by boiling alkaline 
hypohromite in the usual w'ay, and the dioxide thus obtained wa.s 
equivalent to the plumbitc in solution. 

Concentrations in gram-mols. per litre. 

Sodium liydroxitlu. riuiubitc X lU^. riumbale >: 10^. iOH'j* / 10 . 


2(i3 

21 ‘5 

2-6r> 

.3-12 

2-41 

20-() 

i-20 

1-72 

1*71) 

1-GO 

11 -.70 

3-20 

l-2(j 

12-12 

o-:t.7 

2-08 

1-20 

S'7j 

0-412 

2 09 


The [HPb02'], [PbO^''], and [OH'] concentrations are taken as 
being equal to the total amounts of plumbitc, plumbate, and 
sodium hydroxide, respectively, witliout allowing for ionisation. 
For this reason and because the solid phase contained adsorbed 
hydrated monoxide (although the solutions were not nearly saturated 
witii the latter], the results are only approximate, but on the whole 
they confirm the view that has i)een put forward regarding the 
equilibrium in mixtures of plumbate and phimhitc solutions. 

The PliLmhale-Pliimbiie Potential. — According to the view put 
forward in the previous section, during the preparation of lead 
sesquioxide plumbitc is oxidised to ])lumbate : tliis may be effected 
by chlorine, bromine, iodine, hydrogen peroxide, or potassium 
persulphate. Sodium plumbate, on the other hand, may be 
reduced to plumbitc by means of nascent liydrogen (from zinc dust 
or aluminium powder), sodium stannitc, or sodium sulphite. This 
revereible oxidation and reducti{m suggested tha^ there miglit be 
a definite pluiubate-plumbite oxidation potential, according to tiie 
equation : 

Pb(V' f HPbtV -r 30H' -f 2 t. 

The potential of an unattaeked electrode (for e.xaniple. jilatinum) 
plaqed in a solution containing plumbate, plumbitc, ami hvdroxyl 
ions, would then be given by 

• ^ ] 

^ ‘ 'IF '''■[HPbO.'IOH'f ' 

where is the normal oxiflation-rcduetioii potential. 

Mixtures of pi uni ha to and plum bite in sodium hydroxide solution 
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were kept for two or three days in order that most of the solid 
sesciuioxide might separate, without equilibrium having been 
attained. Some of the clear liquid was poured into an electrode 
vessel, and a smooth platinum electrode inserted. After ten 
minutes, the potential of this electrode was measured against that 
of a standard alkaline electrode, saturated potassium chloride being 
used as intermediate liquid. Other portions of the liquid were 
analysed for hydroxide, plumhite, and plum bate, by the method 
described on page 1465. The potential of the half-element rose 
fairly rapidly during the first ten minutes, and then continued to 
rise much more slowly; owing possibly to spontaneous changes 
going on in the liquid, there appeared to he no definite stable 
potential. By standardising tlie method as much as jmssible, results 
were obtained uhich indicated the existence of a tfeiinite plumbate- 
plumhite potential. 


Hydrogen scale. Temperature 17^ (approx.). 


lPbO,/'l 

— „ Xoi'malitv 



d: 



[HPhO/ 

’ ■ of NaOH. 

a. 

[OHT- 

->/• y‘ 

E. E 

0 (volt). 

5*54 

1*73 

0-(’)58 

1-48 

3*74 

0-314 

0-298 

147 

3‘GO 

0*41.7 

3*31 

0*445 

0*278 

0-288 

1-47 

211 

U',787 

1‘8,"> 

0*795 

0*202 

0*295 

1*22 

1*54 

0*t>S7 

1*19 

1*025 

0*304 

0 304 

Mf) 

2*0G 

0“.7<h:i 

I'SO 

00(il 

()'290 

0*29.7 

0-212 

2*72 

O'rtO.d 

2*58 

0*0823 

0*287 

0*318 

0-138 

2 *,7.7 

U-.j4,j 

2*70 

0*0513 

0*200 

0*207 

In the above calculations, the ratio of 

the degree 

of ionisation of 

plum bate 

ami plumbite is assumed to be 

equal to unity, ami 

a, the 


degree of ionisation of sodium hydroxide, lias Uvvw calculated from 
conductivity measurements. The quantity, [tUl'p, in tlu‘ ahovi* 
fable is obtained by multijdying the armmnt in the .second eolunm 
by a and cubing the product. 

The value of tlie normal phiinl)ate-plumbite ])otcntial is thus of 
the order 0*30 \o\t at room tern j H’ rat u re. 

Elect romolive pchaviour of Lead .SVwyaio.nV/r.—Attempts wvrv 

made to measure the potentials of the clecirudes iq! ^ 

^ IrbO 

Pt|tV)3,3H20 . p lBb,(),,3H,0 


A*-sodiinu ]iydn>\i<lc. 

Ihc first two electrodes were h)und to l)e ijT('ver>ibIe: . tlir 
results were erratic, varied from day to day, and were dilTcreni 


‘lectro<lc. 


for diAerent electrodes, In the case of the Btj 

the colour of the mixture changed owing to (lie formation of rod 
lead. 


' PId) 


The Pt 


PhgOg.aiLO , , 

PhO, ^ Licet ro(h\ 


-Tn onliT to obtain t)u\se two 
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oxides free from the monoxide, various specimens t)f lead sesqiiioxide 
were warmed with small amounts of dilute nitric acid in order to 
cause partial decomposition. The products were well washed with 
water and with iV'-sodium hydroxide, and made up into electrodes 
by the method previously described {p. Hob). Three different 
specimens of sesquioxide were used, (1) made by fractional pre- 
cipitation from alkaline solution, (2) by the liypochloritc method, 
and (3) by the plumbatc-plnmhite method. Electrode (4) was 
made from 2 )urc sesquioxide (1) and stabilised electrolytic dioxide 
deposited on platinum. 

Hydrogen scale. Tcmiptuature 17" (approx.). 

Tinio aftei .setliii;; up (in (-lays). 

, 0 1-2 4 r* 7 !J 14 ImhuI. 

\o 1 o*:m4 o :}44 u ;uo o-3;u u ;;22 o-ius u iioa o-3(»2 o-:ui2 

" ■ 2 ^ 

3 0’330 0'302 0'3e2 0'302 

4 0'390 0-338 0-302 0-3i)2 0302 

0*302 volt. 

The very high initial values are probably due to the presence of 
very small amorphous, almost colloidal, particlo,*^. 

Lead sesquioxide is evidently, like red lead, a plumbous salt. 
The most reasonable structure for th(‘ former oxide is the one 
suggested by Bcllucei and Parravano [foe. cit.), Pb”Pb’'{OH)g; 
the positive ion is thus Pb“, and the negative, PblOHlg". The 

electrode, ^y.XaOH, should have given a more or 

less definite plumliate-plumhito potential, but in tlu> pre.^cnce of 
such a large amount of ])linMbitc (since solid monoxide is present) 
very little se.squioxide will di,s<olve, only to be converted immediately 
into red lead (see below). The jjiumbate-plumbite potential would 
thus be cntirel}^ absent or extremely small, 

Since the potential of the X-XaOH lialf-eloment is 

0‘32o volt, and that of the ^ -XaOH lialf-element is 

>302 volt, and the Ph"-ion concentration in tlie former is 2*2 x 10’^' 
^ram-ion jier litre, then in the latter ease it is 1*3S X 10 The 
plumbous-ion concentrations produced by dissolving the three oxide.s 
of load in X-sodium hydroxide are 2*2 X 10'^^ for tlie monoxide, 
1*38 X PH®fur theses(piioxide,and 2-2 : , 10'^' for red lead. There 
will thqs he a tondeney for monoxide and s{‘.<:quioxide to dissolve 
and form red lead, provided that lead dioxide and monoxide 
re.speetively are present in addition. This was verified by allowing 
some sesquioxide to stand inVontaet witli <a .-solution of lead inon<-»xide 
in alkali; after six weeks both colour and analysis iiKkeated 
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complete conversion of the oxide into red lead. Milbauer (Ckem. 
Ztg., 1914, 38 , 587) showed that lead monoxide and dioxide will 
combine in the presence of very strong alkali to form red lead. 
This reaction will also take place in the presence of iV^-sodium 
hydroxide, the sesquioxide probably being an intermediate stage. 
This subject will be dealt with in a further communication on lead 
dioxide. 

Dissociation Pressures.— ^einders and Hamburger [loc. cit.) found 
that the products obtained by the action of hypochlorite on alkaline 
plumbite gave exactly the same dissociation pressures as solid solu- 
tions of lead monoxide and dioxide of the same composition. The 
reason for this is that when the sesquioxide is heated, the water which 
is an integral part of the molecule is driven off, and a mixture (or 
solid solution) of monoxide and dioxide is left, since the anhydrous 
sesquioxide probably does not exist. This was shown by heating 
the sesquioxide at 200° for some time ; on digesting the residue 
with a solution of sodium hydroxide, a considerable amount of lead 
monoxide was found to have dissolved. This could only have 
resulted from the decomposition of the sesquioxide by heat. No 
attempt has therefore been made to calculate dissociation pressures. 

Free Energy Relations. —'rho cell N-NaOH IL(I 

alm.)|Pt has an EM.F. of 0'302~(- 0>810), that is, 1-112 volts 
at 17°, and the reaction involved is 

2PbO^ + == Pl>203 -t- H.O. 

The free energy of this reaction Ls therefore 1*112 X 2 x 005 lit 
joules. Utilising this value, as well as the fr(*c eiuTgy values 
calculated on p. 1459, and assuming the free energy of the reaction, 
Hg + lOg H 2 O, to be 1*232 X 2 X 90540 joules, the following 
results arc obtained. 

Free energy of the reaction : 

PbO^ +, PbO Pl )203 - 0*()(>8 X 9(m 40 joules. 

-f PbO PbgO^ O-lOO X t)0,54O „ 

PbOg + 2PbO PbjO^ ^ 0*228 x 90r>4<J „ 

Siinnnary. 

(1) Red lead and hydrated lead ses(|nioxide have })een slnnvn to 
be plumbous salts, giving plumbous inns in soluticui. 

(2) No evidence has been found for tlie existence of an anhydrous 
sesquioxide. 

(3) The existing methods for preparing the sesquioxide have 
been shown to be uncertain, and a new method has been worked out. 

(4) The plumbatc--plnnil»il(‘-hy(lroxy1-ion equililwiuin lias been 
studied. 
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(5) The normal plumbatc-plumbite potential has been found to 
1)0 0*30 volt at tlte ordinary temperature. 

(6) The affinity relationships of lead monoxide, dioxide, sesqui- 
oxide, and red lead have been determined. 

The author’s best thanks are due to Professor A. J. Alim and for 
his interest in the work and for very helpful criticism and advice. 
University College, Kxktek. { ReceicHl , May 3rt/, 1022.] 


CLXXni. — Physical Chemistry of the Oxides of Lead. 
Part F. The Eleclromolive Behaviour of Lead 
Dioxide. 


By Samuel Glasstone. 

Durino the course of the work described below, the electromotive 
behaviour of ordinary chemical lead dioxide wa.s compared with 
that of the dioxide deposited electrolytically from neutral or acid 
lead nitrate solution, and of the so-called hydrated lead dioxide 
deposited from slightly alkaline lead tartrate solution. The .system 
lead-lead dioxide liaving been found to ])c un.stablc, measurements 

A-XaOH, 


IPbO 

iPbO^ 


were made on the plumbic-plumbous electrode, Pt 

where the lead dioxide was cither introduced as a powder or deposited 
on a smooth or platinised platinum electrode. The electromotive 
behaviour of all the electrolytic products was the same, there being 
no distinction between the deposits from alkaline, neutral, or acid 
solution. In each case, however, tlierc was evidence for the exist- 
ence of an unstable liigluT oxide of lead, traces of which were prc.sent 
in solid solution in the dioxide. These results rendered desirable 
a redetermination of the normal phimbic-])Iumbous jmtential first 
measured by Camming {Trans. Faraday Soc., 14KI7, 2, Ulfi), wlio 
used electrolytic lead dioxide. 


Experimental. 

The chemical lead dioxide used in this work was prepared {unless 
otherwise stated) by the action of bleaching powder solution on a 
boiling solution of lead acetate ; the product was washed u ith hot 
ili lute .nitric acid and with water, and dried. 

I'he System Lead-Lead Dw.ride. 

For the ])urpos:c of elecfromotive imuvsuroments it was desirable 
to know whether the system lead-lead dioxide was stable in the 
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presence of alkali. To test tins, lead dioxide was mixed with pure 
spongy lead {made by the action of zinc dust on lead acetate solution 
and freed from excess of zinc) and kept in contact with 15 per cent, 
sodium hydroxide solution for some months. The colour of tlio 
oxide became more and more red, and after six month.s analysis 
indicated the formnla Pb 304 . The system lead-lead dioxide- 
alkali must therefore be regarded as unstable. This fact was 
further confirmed by potential measurements on a Pb|PbOj 
A"-NaOH electrode. Immediately after setting up, the potential 
was — 0*5o9 volt, which is that of Pb|PbO iV-NaOH, showing 
that the first reaction, was PJ)"*' -f" Pb — ^ tiPb”, or PbOg 4 
Pb — >■ 2PbO. On the next day the P.D. was 0-20G volt, all the 
lead which had been deposited on the plat in uni electrode liayiiig 
been dissolved. The potential remained coiLstant at this value, 

which corresponds with tliat of the Ptjpj^^^^ J\"-NaOH electrode; 

evidently the second reaction had been PbO 4- Pb02 — > Pb^O^, 
By renewing the lead deposit on the platinum electrode from tiim- 
to time, the potential ev'entually rose to 0-320 volt, which is that of 

the 1*1 1 .V-XaOH electrode, showing tliat the linal reaction 
was PbO d-PkO^ Pb^O^. 

The Pt|pjjQ2V-XaOH Electrode. 

Owing to tlie instability of the PbjPbO^ electrode, the electro, 
motive propertie.s of lead dioxide were investigated in the jilnmbic 

plumbous electrode, Pt|p^Q“ .V-XaOH, sinci' the dioxide in solution 

almost certainly gives a definite concentration of Pb“** ions, wliilsi 
the monoxide gives a definite ion eoiieent ration. In thi‘ 

preliminary e.xperimcnts lead dioxide w a.s mixed in si^parate electrode 
vessels with various forms of lead monoxide and with hydrated 
monoxide, in fortuitous amounts. The vessels were then filled wilh 
.V-.sodium hydroxide, .smooth platinum (‘loctrodes were inserted, 
and the potentials measured from'day to day, th(‘ vessels being 
gently .shaken in the intervals. In every {'a.-<e the potential at room 
temperature wa.s initially about 0-27 volt, remained almost constant 
for two or three days, and then decn^a.sed sliglitly. .After two or 
three weeks, a distinct reddening of the solid was observc'd in all 
the half-elements, whilst in some cases a layer of red solid had fornu'd 
on the .sides of the vessel. At the saniV time the potentials of some 
of the electrodes became very erratiig ^hilst othtu-s liad inereasi'd 
to 0-31— 0-32 volt. In view of previous work (this vo],, p. 1 loG) 
the explanation of tlicse phenometia is as follows. lx>ad monoxid*' 
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and dioxide combine to form red lead ; if the original mixture con- 
tained excess of monoxide, the final potential would be erratic, 

since I’t does not give a definite potential value; if tlu^ 

dioxide had been present in excess, the final potential would be 
that of the ,V-NaOH half-element, that is, of the or.ler 

of 0-3:2 volt. These conclusions were confirmed by making up 
mixtures containing know'n proportions of monoxide and dioxide, 

and measuring the potential of the A'-NaOII half-element 

from day to day. 

Measurements at room temperature (about 17"). Scale H 2 [A -11’= 0. 


• 


ir. 2PbO;rbo„ 



1. SFbOirbO.. 

(a) 


d) 

(c) 

III. FbO:2FbO 

Days. P,]). 

Days. 

PJ). 

Da}S. 

P.IJ. 

Days. P.IX 

Days. P.D. 

0 0-271 

0 

0-273 

0 

0-274 

0 0-278 

0 (1-2:3 

1 0-270 

4 

0-200 

4 

0-200 

4 0-208 

4 0-20(i 

3 O-20S 

.1 

0-20.5 

7 

0-200 

2.5 O-2(i0 

.5 O-200 

7 0-201 

7 

0-20.5 

11 

0 200 

30 0-322 

7 0-20.5 

10 0-2.78 

U 

0-2,58 

20 

0-272 

.53 0-321 

14 0-2.58 

33 0-237 

2S 

0-271 

20 

0-308 

Fijial 0-321 

1!J 0-207 

Krrat ic after 

30 

0-3(18 

40 

0-310 


7.5 0-314 

tliis period. 

45 

00 

Filial 

0-312 

0-310 

0-310 

.50 

Filial 

0-31.5 

0-31,5 


Final 0 3 14 


The form.s of lead monoxide used n^d iti Series I, II ft 

and III ; reddish-ffiown in Hr; yellow in H h. In Series I, where 
the potential had become erratic after thirty-three day.s, a reil 
solid had formed on the sides of tin- electrode vessel. T he remaimh-r 
of the solid was emptied out, and fresh dioxide and .V-sodium 
hvdroxide ])ut in; the potential was now found to be 0*312 volt, 
a value which .suggests that the red solid was a mixture of red lead 
and lead sesipiioxide. ^ 

Similar serie.s of exjKTi men ts using lead dioxide prepared by tlio 
action of nitric acid on red Icac^gave exactly similar results. 
Allowing for the initial fiigh values flue to the juvsenee of very 

small particles, the value of the A-XaOH electrode j)oten- 

ial i.s probably of tlie order of tV27 volt ; tliis result was confirmed 
ay the measurements on elccTrolytic lead dioxide described below. 

Ekdrohjiic Lead Ditiridc. 

Hollard {Compt. rnid., r003, 136. 220; l!HH. 138, 142} found 
that lead dioxide deposited eleeli'olylieally on a ])latinised platinum 
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anode from a slightly acid solution of lead nitrate does not agree 
in composition with the formula PbOg. Ho weighed the deposits 
obtained from various known amounts of lead nitrate, and sug- 
gested that the substance formed is an oxide, PbOx, where x is greater 
than 2 and increases as the lead nitrate solution becomes more 
dilute. In the most dilute solution examined (0*0106 gram of lead 
in 300 c.c. of solution) the ratio, Pb|PbOj, was found to be 0*74; 
this would correspond with a value of about 4-5 for x. No suggestion 
w^as, however, made that all or part of this extra mass may be due 
to the presence of adsorbed or combined ^vater (compare Wernicke, 
Pogg. Annakn, 1870, 141, 109). Using smooth platinum elec- 
trodes, Hollard found that in every case almost pure lead dioxide 
was deposited independent of the concentration of the lead nitrate 
solution. In order to investigate the pos.sibIe electromotive differ- 
ences in the various electrolytic products, a number of smooth 
and platinised platinum electrodes were coated with lead dioxide 
by electrolysis of various solutions of lead nitrate. After half an 
hour's deposition with a current of 0-01 ampere, the electrodes 
were rapidly washed with water, then with A^-sodium hydroxide, 
and placed in electrode vessels containing lead monoxide and A'- 
alkali. The potent iats weie measured immediately, and variation.s 
carefully followed. Every form of elect roly tically deposited lead 
dioxide showed the same peculiar bcliaviour inde^xuident of the 
electrode material, cun*ent density, time of deposition, and con- 
centration of the lead nitrate solution. The potential \vas in ev(Tv 
case initially very high, 0-60 to 0-49 volt (compare the value 0-27 
volt for the ordinary dioxide) ; this decreased very rapidly at lirst, 
then more slowly with a distinct break in the rate of fall at UAt) 
volt. After this, the slow deelino of ])otontial continued sometimes 
for days or Aveeks, depending on the amount of the electrolytic 
deposit, until in every case the final value was 0-268 volt, corrc.spoiKl- 

ing with the normal Pt|p|^^^ ATXaOlI potential. At this value, 

the potential remained constant a]>parently indefinitely, probably 
due to the very slow^ rate of comi)ination of electrolytic dioxiih' 
with the monoxide in the formation of red lead. No visible change 
could be observed in the dioxide during the fall of potential from 
0-60 to 0*268 volt. A typical example of the rate of fall of the elec- 
trode potential is given below; it should be stated that the initial 
value can have no definite meaning, because it must dej)end on 
the very .small period of time that elapses between setting* up the 
electrode and finding the balance point on tlie potentiometer. The 
initial rate of fall is so great that oven fi very small inf('r\’al would 
cause an appreciable fall in the potential. 
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Time. 

P.D. 

Tlmo. 

P.D. 

Time. 

P.D. 

Time. 

P.D. 

0 

0*593 

7^ mins. 

0-477 

71 mins. 

0-420 

5 

days 

0-326 

1 min. 

0*558 

15“ „ 

0-455 

104 „ 

0-410 

7 

0-310 

mins. 

0-534 

19 „ 

0-445 

177 „ 

0-412 

10 


0-294 

3 » 

0*520 

28 „ 

0-434 

S hours 

0-407 

13 

** 

0-284 

H „ 

0-512 

37 „ 

0-430 

25 „ 

0-362 

20 


0*272 

« M 

0-492 

o4 ,, 

0-42G 

2 days 

0-346 

28 

„ 

5*268 


Initial Valu&s . — The initial value measured appeared to depc'nd 
to some extent on the current density used in depositing the dioxide ; 
for example, with a current density of 0*004 amp./ern.^, the initial 
potential was 0*59 volt, but with 0*1 amp. /cm it w’as 0*70 volt. 
As explained above, these values can only be regarded as 
comparative. 

Breaks. — In some cases there was an indication of a break at 0-49 
volt, ‘but this was Hot very definite, and may have been due to the 
normal diminution of the initial very high rate of fall. In every 
case, how^ever, a break w’as noted in the vicinity of 0*40 volt, after 
whicli there was a steady fall to the normal value of 0*268 volt. 

Bale of Fall . — This depended to a great extent on the amount 
of dioxide that had been deposited. In one case, after deposition 
for five minutes with a cuiTent of 0*02 ampere on a platinum surface 
of about 1 sq. cm., the final steady state w’as reached in eighteen 
hours. Where a platinised electrode had been used and dioxide 
deposited for tw'O hours wath the same current, the steady state wa.s 
reached only after fifty-six days. 

Ihjdrakd Lead Dioxide. 

Before describing further experiments on tfie electrolytic dioxide, 
reference must be made to the hydrated dioxide, H 2 Pb 03 . claimed 
to have been preparc*d by Wernicke {Fo(jfj. Anualen, 1870, 139, 132) 
by the elect roIj*.sis of an alkaline solution of lead tartrate. Schreber 
{Wied. A7i7(alen, 1889, 36, 602) .suggested that the product obtained 
had the formula Pb(0H)4 or PbO.wKoO. Streintz and Neumann 
{ibid., 1800, 41, 97) con tinned Wernicke's result.-«r and measured 
the potentials of the elements PhlPhO^ {eluunieal) and PbjH.iPbOg 
in sulphuric acid, against zinc. ‘The A’.J/.f.'s of the.so cells were 
2*41 volts and 0*90 \'()lt respectively; it appears from this that the 
anhydrous oxide Is mctastahic witli respect to the hydrated form. 
Owing to the great instability of the system load- lead dioxide, 
t is probable that the potential measured is not that of PbIPbOo 
>r HgPbpg in sulphuric acid, Init rather a plumbic-plumbous 
H)tential. In the case of chemical lead dioxide, the solution sur- 
ounding the electrode would .soon become saturated with lead 
ulphate, and so a stable potential would rapidly result. The olee- 
roly tic product (H 2 P 1 ) 03 ) is les.s reactive, ])rohabIy owing to state 
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of division (compare the formation of red lead on p. 14/2), and 
thcndorc the solution would become saturated with plumbous salt 
very slowly. The potential measured would thus depend on the 
time elapsing between setting up and measurement. 

Attempts were made to prepare this hydrated oxide by 
Wernicke’s method {loc. cM.). Unless the current density was very 
low and the liquid stirred from time to time, the difficulty was 
experienced that a basic salt separated round the anode owing 
to local diminution of the hydroxyl-ion concentration. Even when 
there was no visible formation of basic salt, some may have possibly 
hecn deposited with the dioxide on the anode. After drying in 
a desiccator, the composition of the product varied in different 
specimens; three samples gave the percentage loss on heating as 
11'7, 10-8, and 10*0, respectively (H^PbOa requires loss on heating 
- 13*22 per cent.). The substance Avas therefore not a pure hydrati', 
and may have belonged to the same category as the clcctroly tic- 
deposits of Hollard {loc. cif.). The electromoli\e activity of th(‘ 
Wernicke product was investigated in the same way, and the results 
obtained were identical with those giv’cii by electrolytic lead dioxirlr 
denosited from acid or neutral lead nitrate soUitinii. In everv^ ease 
where the so-callcd hydrate was examiiual, the initial potential 
wa.s about O-G volt, falling rapidly to 0*40 volt, and tlien m(»re sloA\]y 
to the stable value, 0-2GS volt. The existence of a pure hydrated 
dioxide, HgPbO^, is doubtful, aiul it is very probable that the 
substance is meivly electrolytic load dioxide containing about 3 |icr 
cent, of ad.sorbed water, which it is known to retain very tenaciously, 
Although the existence of HoPl >()3 has by no means been disproved, 
yet corrsidering its elect romotiv'o behaviour, its variable composi(ii)n. 
and the fact that no salts of the type * are (h'lijiitely known, 

but only those of the type which are derived from tie- 

very umstablo H 2 pb(OH)y (Ih llueei ami Parravano, Z. auorfj. ('lorn.. 

1906, 50, 107), its exi.stenec sccmis improbable. 

• 

S(ahilil)/ of thf’ hrilial Elf cfroh/lic l^t'o^htcl. 

The following experiments nder to lead (li<»\i(le dt-posited fnua 
lead nitrate solutions; similar exj)erit]ients with the Wm-nieke 
product gave similar results. 

Evidently during elect ndy tie deposit inn a Idghly imdastahlr 
substance is formed which (hvom poses rapidly in tlie presimer 
of lead monoxide and alkali. series of I'xperiim'nts wa.*^ carried 
out with the object of dctcninining tin’ stability of the product iti 
otlier reagents and under ditlering copditioiw. j.ead dioxiile wii" 

* Sec, however, (h'ub<‘'s work (7j. EU];ir<>fhi tn.y 28 , win* !: 

aj)pcared aflei tlii.-s [tiipr r was waittru. 
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leposited clectrolytically from a 5 per cent, lead nitrate solution 
:ontaining a little nitric acid ; the electrode was washed and sub- 
ected to some physical or chemical treatment. It was then placed 
11 an electrode vessel containing lead monoxide and .Y-sodiura 
lydroxide, and the potential measured. The treatment and results 
■re tabulated below. 


Initial P.D. 

Treatment. 

(volt). 

Rornark-S. 

■ In dZV-HNOj for 18 hours 

(}-44 

Xo break at 0-40 volt. 

In „ 

0-43 

Normal fall. 

In 4 iV-njS 04 and PbS 04 for 2 hours 

0-4.1 

j> )> 

In electrolytic bath for hours 

•0-37 


with current off 



In ;■)% lead nitrate for 1 hour 

o-;t9 


111 A^-sodium hydru.ddi' for 2 hours 

0■48 

Normal fall, 

r. In slightly acid hydrogen peroxide 

O-lhl 

lio.so to O' 44 volt in 13 

for 1 hour 


mins, and tlien fell 



steadily. 

!. In boiling water for a rninules 

0-30 

Foil to 0'27f) volt in 



3 hours. 

Tlic following exi)eriment.s were also 

made, (t) Tlie freshly 

leposited lead dioxide vas made 

up into a pliimbic-pluuibous 

lalf-elcment Ijy placing it in a v(v 

ssel containing about 4A-nitric 

icid and 0-0 Id/ -lead nitrate; after 

tliree 

days, when the potential 


vas only O-Ol volt higher than that given by stable lead dioxide, 
lie electrode vas removed and its potential mea.sured in lead 
nonoxide and .V-, sodium hydroxide ; the initial value nas (i^.l volt. 

(j) The lead dioxide wa.s deposited from a nitrate bath surrounded 
by boiling water; the initial potential was 0-4112 volt. 

[k) An electrode prepared in the normal way was washed with 
yvater, alcohol, and ether, and placed in a desiccator for eighteen 
hours ; the initial potential wa.s ll■4S.‘l volt, and the fall normal. 

We thu.s see that tlie substance giving the higli electrode poten- 
tials decomposes comparatively shovly in acids and alkalis, but 
rapidly by tlie action of heat or sodium jdiimbite^solution. The 
explanation suggested is that all the forms of electrolytic dioxide 
contain a liigher fnetastal>le oxide^in solid solntieii. The amount of 
this higher oxide })resent must lu* very small, as it could not be 
detected by analy.sis; tliere might, even so, be sntHcient to .show 
pronounced elect runiutive activity.* Owing to it.s dilution by a 

* Sinco this wa.s writtt'O Maelnnes atui Townsend (•/. InJ. Kng. 

I'hcm., 1922, 14 , 420) liave reported tlu' estimation of load by eleotrolylic 
]e]josilion 'afl <hoxide, ttio hitter being iinnietbati'ly estimated by the direct 
oduinetric or oxalie acid nietliod. Isinee the results are in oxecllont agi'ccment 
vitlillicorydlicunthors , laim to havedrtinitely established that no liigher oxides 
ftti bo in the elect roly lie (Te[>osil. It sliouUl, of counse, be nddi.Hl that 

I higher oxido may be [>n'sent in an ninonnf insnllieient to be detecte<l by 
Tilinury inelliods of analysis. 
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large excess of dioxide, the rate of decomposition of the higher 
oxide would be greatly decreased, and would become smaller 
as the concentration became less. Theoretically, therefore, the 
rate of fall of potential should gradually decrease, and the potential 
for pure lead dioxide should be approached asymptotically ; qualita- 
tively this is the actual behaviour. Apparently acids and alkalis 
do not affect the rate of decomposition, but as is to be expected, rise 
of temperature accelerates it. A curious result is that of experiment 
{*), where practically normal potential values were obtained in the 
nitric acid half-element, yet the same electrode gave very high 
mctastable values in the all^line half-element. Evidently the 
higher oxide of lead, for which the formula Pb 03 is tentatively 
suggested, like most other higher oxides, is acijlic (compare Pt 03 , 
Wohler and Martin, Ber., 1909, 42 , 3326), and therefore gives 
negative ions electromotively active with other negative ions, 
for example, plumbite and plum bate, but not with plumbous and 
plumbic ions, which would be present in the nitric acid electrode. 
The presence of a very small concentration of Pb^ ^ ions might account 
for the slightly higher results obtained in the nitric acid half -element 
before stability was attained. 

Another possible explanation is that the initial high values arc 
due to adsorbed oxygen (compare Elbs and Forssel, Z, Elektrochem., 
1902, 8, 760). A potential of 0-69 volt would require an oxygen 
pressure of about 10^^ atms., and although adsorption pressures are 
known to be great, yet they would scarcely be of this order of 
magnitude. Whilst standing in nitric acid, gas bubbles were 
observed to be coming from the electrolytic deposit, but this may 
have been due either to displacement of adsorbed oxygen, or to 
the decomposition of the higher oxide, PbOg. 

The, Break at 0'40 Volt. —A potential of 0‘40 volt corre.spon(ls 
with that of a reversible oxygen electrode at a pressure of about I 
atmosphere, in A'- sodium hydroxide. A br^ak at this point would 
be expected, fol' the rate of escape of oxygen from the electrode 
would become slower when it was being evolved at a pressure equal 
to that of the oxygen in the atmdsphcrc. It has been found that 
electrolytic load dioxide deposited on lead electrodes does not show 
this break, which may have been due, therefore, to an oxide of 
platinum. Decomposition of this oxide by nitric acid would explain 
why lead dioxide electrodes kept in nitric acid (.see expt. [a], p. 147.>} 
do not show a break at 0'40 volt . 

The Normal Pluwhic-Phnnhon/i Pote7ifial. 

In mea.suring the normal Pb**** — > PI/* potential, Oumming 
{loc. cit.), who used elcctrolytically depo.sitiMl lead dioxide, and noted 
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that in nitric acid half-elements the potential first foil, then became 
steady for many hours, and finally diminished slowly and apparently 
indefinitely, used the first steady value and attributed the subsequent 
fall to the presence of impurities. In view of the results obtained 
in the present investigation with electrolytic dioxide in alkaline 
electrodes, the determination of the normal plumbic-plumboas 
potential was repeated, using chemical lead dioxide only. Half- 
elcments were made up from nitric acid solution.s of known concentra- 
tion containing known amounts of lead nitrate, and excess of solid 
dioxide. The potential of a smooth platinum electrode inserted 
well into the solid was measured, after a week, against that of a 
normal calomel electrode, using a saturated solution of ammonium 
nitrate as intermediate liquid. The results were compared with 
those ^obtained witR electrolytic dioxide in the same solutions, and 
it was found that, in general, when the first (apparent) steady state 
was reached, the potentials of the latter were about 0'02 volt higher 
than those given by the chemical dioxide. After several daj'S, 
both types of electrode gave identical potential values. The normal 
Pb’*** — ^ Pb” potential is calculated below from the results 
obtained with the chemical dioxide, use being made of Gumming ‘s 
empirical formula for the plumbic-ion concentration in nitric acid 
solutions saturated with lead dioxide, namely, [Pb"*‘] — 

[HgOp X 2‘4 X 10“'^ gram -ion per litre at 25°. 


Measurements at 25°. Scale 0. 


HNOj. 

Pb". 

E {volts). 

Ey (volts). 

HXO,. 

Pb". 

E (volts). 

Eg (volts). 

0-483 N 

O-OOjiV 1-519 

l-OSO 

1-<H).Y 

0'O.3 M 

l-.7,87 

1-713 

,, 

0-05 

1-494 

1'689 

2-82 


1-624 

1-730 

O-OOfi 

001 

1-547 

1-080 

3-81 

O'Ol 

1-053 

1-723 

„ 

005 

1-522 

1-084 


0'U.j 

1-042 

1-734 

0-980 

,, 

1-531 

1-690 

0-00 

O'OI 

1-694 

1-743 

1-729 

0-005 

I'sys 

1-099 


0-05 

1'682 

1-754 


0-05 

1-570 

1-700 





The steady 

increase 

in the v; 

alue of 

Aq, the 

ncTinal 

plumbic- 


plumbous potential, may be clue to three cau.ses, (a) the failure of 
ammonium nitrate solution to elifiiinate dilTusioii potential at high 
nitric acid concentrations, (6) the solubility of lead dioxide in the 
more dilute solutions is smaller than that calculated by the Gumming 
formula, and (c) in concentrated acid solution the thermodynamic 
activity of the plumbous ions is very much smaller than unity. 
The first point was tested by using saturated potassium chloride 
solution as intermediate liquid, when identical results were obtained : 
no further method for testing this possibility could be found. With 
Regard to the second possibility, it would apjx'ar from the rc.sults 
lobtained that the solubility of lead dioxide in *V-nitric acid is about 
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oue-hundrcdtli part of that calculated hy the Gumming formula; 
in dilute solutions, however, owing to the greater degree of ionisation 
of the nitric acid, one ^vould expect a relatively greater solubility 
instead of a very much smaller one. As regards the third point, 
Gumming (loc. cit.) has shown that in fairly dilute acid solution, 
for example, 0’897iV-nitric acid, the ratio of the lead nitrate concen- 
trations in O'l and 0*01 molar solutions is a good measure of the 
ratio of the plumhous-ioii concentrations. In 4'22 iV-aoid, however, 
even at such low lead nitrate concentrations as 0*01 and 0*0001, 
the ratio of the plumbous-ion concentrations, instead of being 100 : 1 , 
was 18 : 1 (this value has been calculated from Gumming’s P.D. 
measurements). This discrepancy is also seen in the results of 
the present series of measurements; with 3*8LY- and GOOA^-acids, 
where the ratio of lead nitrate concentrations i5 5 ; 1 in each' case, 
requiring a difference of potential of 0*021 volt, the actual differences 
are 0*011 and 0*012 volt, respectively, further, if the Gumming 
formula is generalised in the form [Vb"”] ~ X 2*4 x 10““^, 

the normal plumbic-plumbous potential may be calculated from the 

known value of the A-MaOH electrode (0*268 volt). In 

this ease, the Pl)‘'-ion concentration is known to he 2*2 X 10'^^ 
(T., 1921, 119, 1914) and the Pb’"’ concent rat ion may be calculatcnl 
from the above formula as 2*2 X 10'®^; the normal Pb”*’ Pb*' 
potential is lluis 1*684 volts at 25'\ This result is in striking agree- 
ment with those obtained in the more dilute nitric acid solutions. 

Taking these facts into consideration, as well as the fact that 
electrolytic dioxide gives results that are probably slightly too high, 
the author is of opinion that the normal Pb'"* — Pb" potential. 
1*82 volts, adopted by Gumming, is in excess of the true value. 
It is suggested that a potential of 1*75 volts at 25^ would be more 
correct, although probably still too high. This value will be adoptetl 
in subsequent calculations. 

The Solubility Product of Lead Dioxide. 

From the known value of the lAjtential of the A'-NaOH 

electrode (0*268 volt), and of the plumbous-ion concentralioii 
produced by dissolving lead monoxide in *Y-sudium hydroxidt' 
(2*2 X 10'^® gram-ion per litre), the plumbic-ion concentration in 
the electrode is 1*30 X gram-ion ]jer litre, assuming that tiic 
normal Pb — >■ Pb * potential is 1*75 volts. Since ATsodiuin 
hydroxide is dissociated to the extent of 72 per cent., the solulility 
product of the dioxide is given by , 

Li = [Pb*'"] [OH'J^ ^ 1*30 X 10'®" X (0*72)^ = 3*25 x 10 
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The Jnslabiliiy of the Lead-Lead Dloxlfk. 

If metallic lead is in contact with a solulioji containing 
and Pb'* ions, an equilibrium Ls set up as follows : 

Pb‘’*’+ Pb 2Pb”, Hence, at equilibrium, [Pb‘‘p/[Pb'’*'] “ K. 

This constant may be calculated from a consideration of the ele(N 
trode potentials of the reactions Pb" — Pb and PI)"" — > Idj"; 
when these potentials are equal, the system is in equilibrium. 
The normal electrode potentials are — 0*130 and l'7b volts, respec- 
tively; hence, at equilibrium, we have : 

1-75 -h 0'0295 log [Pb""]/[Pb"J .. -0*130 -f 0*0205 log [Pb"] 
whence [Pb"]2/LPb""J = K 

Suppose in this* mixture of lead, plumbic, and plumbous ions 
solid lead dioxide is also present, then [?b""][OH']^ = Li 10 
(omitting the integers). When the system is in equilibrium, 
[Pb"]2[OH']^ = KLu that is, [Pb"j[Oir]2 ^ which is equal 

to VlO'^^ (approx.). 

In a solution saturated with lead monoxide (or hydroxide) the 
solubility product, [Pb"] [OIPJ- M X 10“^^ (T., 1021, 119, 
1014); hence at equilibrium in the .system lead-solid lead dioxide, 
the solubility product of the monoxide is very greatly exceeded 
([Pb"][OH'p — “v/lO'-) and therefore this oxide will be precipitated. 
This will disturb the equilibrium, more Pb"" ions will react with 
metallic lead to form Pb" ions, which will again bo removed from 
the system as solid monoxide, and these processes will continue 
until either all the solid lead is dissolved or only a minute amount 
of lead dioxide remains. These n'sults demonstrate the essential 
instability of the .system lead-lead dioxide, 

D iiWC ia( ion 1 b*esi' 

By considering the cell A'-iSaOH H,,(l atm.)jPt. the 

E.M.F. of which is 0*2C8 — (—0*810) l uTs volts at 17 ', as an 
oxygen-hydrogen cell, the pre^rsure of oxygen in the reaction 
Pl)0.2 — ^ PbO “f may be calculated as 2*4 X l0“^^ atm. 
V.sing the value 12,100 calories (Tseheltzow*, (^ompf. nnd., 1SS.5, 
100, 1458) as the heat of this reaction, the dissociation pressure 
calculated by Nernst's theorem is 7*1 X 10 atm. at ITx 

In view of the fact that lead dioxide on heating forms a series 
of .solid {Solutions w itli the rt'sulting lead monoxide (Keiiulers and 
Hamburger, Z. anorg. Chem., 1014, 89, 71), it did not appear desirable 
la make any detailed calculafions as to the temperature of eom])lete 
dissociation in air. One determination by the use of the integral ('d 
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form of tile van’t Hoff isochorc gave a temperature of 394’^ for an 
oxygen dissociation pressure of 0'21 atm. By extrapolation from 
the results of Reinders and Hamburger, it appears that lead dioxide 
containing only a small amount of monoxide in solid solution would 
have a dissociation pressure about a hundred times as great, at that 
temperature. 

Calculated by NenisVs Theorem. 

The E.M.F. of the cell A'-NaOH Hgll atm.)|Pt involving 

the reaction PbOg + H 2 = + PbO, the water being in the 

form of ice, may be calculated for 0°. For the reaction at 
we have : 

68,400 (H,O) + 1580 (ice, water at 17°) -12,100 (PbO,0) 
= 57,880 cais. 

The molecular heats of the reactants are 15*5 for the dioxide 
and 6'8 for hydrogen; those of the resultants are 11’8 for the 
monoxide and 9'o for ice. These lead to a value of 57,228 cals, 
for Qp, and — 0'0043 for 3, from whicli the E.M.F. of the coll i.s 
calculated as r092 volts at By the more approximate method 
in which water is involved instead of ice, Qq is found to be 56,880 
cals., and 3 is ~0’019, leading to an E.M.F. of I'lOO volts at 17 ^ 
The actual E.M.F. of the cell at 17'^ is 1*078 volts. 

Summary. 

(1) The stability of the system lead-lead dioxide in alkali lias 
been investigated practically and theoretically. 

(2) Electromotive measurements have shown that load monoxide 
and dioxide combine in tiie presence of A'- alkali to form red lead. 

(3) The electromotive behaviour of elec trolyt leal ly deposited lead 
dioxide .suggests that a trace of a higher, acidic oxide (possiblv 
no,] is present in the deposit. 

(4) The evidence for the existence of a definite liydratod lead 
dioxide, H 2 pb 03 , is criticised. 

(5) The normal plumbic-plum fib us potential has been redeter- 
mined, and a maximum value of 1*75 volts at 25" is indicated. 

The author s best thanks arc again due to Professor Allmand for 
his valuable suggestions and criticism. 

University Colleue, 

Exeter. 


[Hecea-ed, Muy Wh, 1922.] 
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CLXXIV . — The Oxidising and Reducing Properties of 
• Sulphur Dioxide* Part L Mercury Chlorides* 

By Lachlan Macquarie Stewart and William Waedlaw. 
That sulphur dioxide can function either as an oxidising or a 
reducing agent has been shown in the case of certain chlorides, 
sulphates, and phosphates (T., 1920, 117, 1093, 1241 ; this vol., 
p. 210). The concentration of the acid plays an important part 
in many of these reactions, for by varying the amount of acid 
present the sulphur dioxide can be made either to oxidise or to 
reduce. ^ 

The chlorides of mercury seem to afford an interesting case for 
investigation, for .the fact that mercuric chloride is quantitatively 
reduced by sulphur dioxide to the mercurous salt only under very 
specific conditions has been noticed by investigators since the time 
of Vogel and Wohler, Sartorius [Annalen, 1855, 96, 335) showed 
that the question of concentration of the initial mercuric chloride 
solution is of great importance in determining whether the yield of 
mercurous chloride shall be quantitative or not. He showed that 
wh'en a solution of mercuric chloride (1 : 80), saturated with sulphur 
dioxide at 70 — 80°, is maintained at that temperature for a prolonged 
period, the yield of mercurous chloride is almost theoretical. This 
conclusion was confirmed by Bollcy. 

The most recent contribution to this subject was made by Sanders 
[Z, angew, Chem.^ 1915, 28, 9), who concluded that the oxidation of 
sulphur dioxide by mercuric chloride takes place in accordance 
with equation (iv). It was quantitative, however, only when the 
solution contained not more than two grams of sulphur dioxide 
per litre. With greater concentrations, the gas cscajicd unoxidised 
rom the boiling solution. 

Sraythe and Wardlaw {Proc. Durham Phil Soc,, 1914, 5, 187) 
lave shown that sulphur dioxide oxidises mercurous chloride 
piautitatively to the mercuric salt in accordance with the equation : 

S02 + 4HCl + 2Hg2Cl2-.tHga + 2H20 + S . . (i) 
Evidently the reactions of sulphur dioxide with mercury chlorides 
ire of a diverse nature, and the following experiments were carried 
5ut with the object of further investigating the conditions for these 
Reactions. 

E X P E R I M E X T a r.. 

Reactions of Mercurous Chloride with Sulphur Dioxide, 

The method used in studying the reaction (piautitatively was as 
'Hows : 

Vou CXXI. 


3f 
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A definite weight of mercurous chloride was covered with a 
known volume of hydrochloric acid of varying concentration con- 
taining dissolved sulphur dioxide, the mercurous chloride being 
white at this stage of the experiment. The flask was immersed in 
an oil-bath maintained at a constant temperature of 95®, and a 
slow stream of sulphur dioxide was passed through the mixture 
for twelve hours. The residue was filtered on a Gooch crucible, 
washed with dilute hydrochloric acid and with water respectively, 
dried, and weighed. The preliminary washing with hydrochloric 
acid removed sulphur dioxide which would have otherwise reduced 
the calomel to mercury on washing with water. The contents of 
the crucible were then extracted with chloroform in a Soxhlet tube, 
the sulphur being recovered by evaporation of the chloroform and 
weighed. 

Table I. 

Weight of mercurous chloride = 2*9376 grams. 

Duration of experiment — 12 hours. 

Unchanged 

Normality of mercurous Sulphur, 

hydrochloric chloride. Calc. Found, 

acid. Grams. Gram. Gram. 

S'64 nil. 0 0998 00989 

4.75 1-9040 0-03.71 0-0303 

4-32 2-1408 0-0271 0-0293 

2-lG 2-6802* 0-008.1 0-0070 

1-73 2-7674 0-0058 0-004.5 

1-44 nil. 

* Duration, 7 liours. 

The first point of note in connexion with these experiments is the 
fact that mercurous chloride remains white in the presence of sulphur 
dioxide and high concentrations of hydrochloric acid. Had the 
hydrochloric acid, initially employed, not contained sulphur 
dioxide, the acid alone would have decomposed the mercurous salt. 
Richards (Z, physikal, Chem., 1897, 24, 39) observed that mer- 
curous chloride is appreciably dieompo.sed into mercuric cliloride 
and mercury in the pre.sence of other chlorides, and Riehard.s ami 
Archibald {ibid., 1902, 40, 385) found that the system reaches a 
definite equilibrium and that the amount of mercuric chloride in 
the solution increases with increase in the chloride eoncentratinn. 
the increase being approximately pro]>ortional to the square nf 
the concentration of the chlorine ions in the solution.' If mer- 
curous chloride is covered with sulphurous acid alone and warmed 
at 95®, darkening immediately occBirs. Evidently, therefore, in 
our experiments with high concentrations of acid, tlie normal 


Remarks. 

No darkening. 

Slight darkening. 
Appreciable darkening. 
Appreciablo darkenin;: 
and no sulphur. 
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behaviour of the acid and sulphur dioxide respectively is in abey- 
ince and the two substances act as an oxidising medium whereby 
ncrcuric chloride is formed and sulphur deposited, in accordance 
vith 'equation (i). 

With decrease in the acid concentration the oxidising action of 
:hc sulphur dioxide becomes less pronounced and darkening occurs, 
ndicating decomposition of the mercurous salt. The fact that 
10 sulphuric acid can be detected shows that the mercurous chloride 
lecomposes solely as 

HgA ^ Hg + HgCl^ (ii) 

md that no reduction by the sulphur dioxide occurs. Reduction 
)y sulphur dioxide could take place in two ways : 

HgA + SO2 -h 2H2O - 2 Hg + 2 HC 1 1 H2SO, , . (iii) 
2HgCl2 4 - SO2 + 2H2O - Hg2C!2 + 2 HC 1 + H2SO4 , (iv) 

[n both cases sulphuric acid would be produced. 

Table II. 

Weight of mercurous chloride = 2 -9370 grams. 

Duration of experiment — 12 hours. 

Roinarks, 

Slight darkening at the end of the experiment. 
Mercuric ehloricle was delected, but not sulphuric 
acid. 

llcniaineJ wliite. 

Darkening just perceptible. 

Immediate darkening. Sulphuric acid was pro- 
duced in quantity. 

Vith decroa.so in the concentration of the hydrochloric acid the 
mount of mercurous salt decomposed diminislies until it seems 
0 reach a minimum (in the experiment denoted by *1110 asterisk in 
.able II), and then increases again. The reason for this ro.sult in 
he experiment referred to will ^)c dealt with later. It seems, 
lowever, well established that the reducing j^ower of sulphur 
lioxide, so well-defined in aqueous solutions, is almost inoperativ*e 
k tile presence of very dilute hydrochloric acid. Further experi- 
lents amply confirmed this view, wliich, moreover, serves to 
qilain some observation.s of earlier investigators. Vogel ha.s 
ated that mercurous chloride is converted by sulphurous acid 
to a grey suli-chloride. Divers and Shimidzii (T., 1880 , 49, 
u), however, state that they* observed very slight decomposition 
occur in the cold. They summarise their conclusions as follows : 

3 f2 


N'ormality of 
hydrochloric 
acid. 


0-78r> 

0-3G0 

*(>•108 
0072 \ 

o or,2 \ 
0 o:Ui j 
0 
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“ Ordinary calomel becomes a little greyisb when suspended in a 
small quantity of water through which sulphur dioxide is passed . . . 
only traces of hydrochloric acid are found in the mother-liquor. 
We doubt whether there is any reaction at all between true mer- 
curous chloride and sulphurous acid, for when mercurous chloride 
is precipitated by sulphurous acid itself, it is of dazzling whiteness.” 
The last observation of Divers and Shimidzu, in view of our experi- 
ments, is not a satisfactory proof that mercurous chloride does not 
react with sulphurous acid. During its precipitation from the 
mercuric salt, hydrochloric and sulphuric acids would be produced, 
and as we have shown that a small quantity of acid inhibits the 
reducing effect of sulphurous acid, no reaction with the precipitated 
mercurous chloride would be expected. These experimental 
observations of Divers and Shimidzu, howevef, support the fiew 
that traces of hydrochloric acid have a very marked inhibiting 
effect on the reducing action of sulphur dioxide on mercurous 
chloride. 

Rexidions of Mercuric Chloride with Sulphur Dioxide, 

It is well known that mercuric chloride in nearly boiling solution 
is converted by sulphur dioxide into mercurous chloride, hydro- 
chloric and sulphviric acids. This reaction does not take place in 
the cold, but Divers and Shimidzu {he. cit.) have shoum that, even 
so, the two substances are not indifferent to one another. Mercuric 
chloride dissolves much more readily in aqueous solutions con- 
taining sulphur dioxide than in water alone. This increased 
solubility in sulphurous acid is not observed in the presence of 
much sulphuric acid. The above authors have explained the 
reduction of mercuric chloride as proceeding in stages. The first 
stage results in the intermediate formation of mercuric hydrogen 
sulphite (v). This undergoes partial hydrolysis in the presence of 
a small but sufficient quantity of acid into niercuro.sic sulphite (vi), 
which is decomposed by the hydrochloric acid (vii). 

HgCl, + 2H,S03 ^ HgiHSOg)^ + 2 HC 1 .... (v) 

3Hg(HS03)j + HjO = Hg3(,SO,,), + H,SO, + . (vi) 

Hg3{S03)2 + 4 HCl = Hga2 + HgA + 2HjS03’. . (vii) 

Divers and Shimidzu explain the limited reduction of mercuric 
chloride by sulphur dioxide as being duo to the fact that in the 
course of the reduction so much sulphuric acid is formbd that it 
prevents the remainder of the mercuric chloride from forming the 
essential intermediate mercuric hydrogen sulphite and thereby 
brings the reaction to a close. This represents one explanation of 
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the facts first recorded by Sartorius and mentioned in the intro- 
duction to this communication. The influence of the hydrochloric 
acid liberated in the reduction, however, req[uires consideration in 
view of the small ionisation of mercuric chloride even in aqueous 
solution, and especially on account of the formation of complexes 
with this acid. Le Blanc and Noyes (Z. physikal Ghem., 1890, 
6, 401) showed that the complex H 2 HgC !4 is formed from mercuric 
chloride and hydrochloric acid and that it is a strong acid dis- 
sociating to about the same extent as hydrochloric acid. 

With the object of determining the influence of concentration of 
hydrochloric acid on the reduction of mercuric chloride by sulphur 
dioxide, the experiments recorded in Tables 111 and IV were carried 
out. .Sulphur dioxide was passed for twelve hours through a 
solution of mercuric chloride in 120 c.c. of standard hydrochloric 
acid at 05°. 


Table III, 


Normality of hydrochloric acid — 0-48xV. 


I^bTcuric 

Mercurous 

clilorido 

^Mercuric 

2\[ercurous 

chloride 

c'tiloride. 

produced. 

cbloridc. 

jiroduccJ. 

CJrams. 

Grain.s. 

Grams. 

Gram.s. 

5- I.jS0 

0-1 OoS 

lOIOli 

0 0070 

2;i7(>0 

0-0278 

0-3U9U 

0-0020 

1‘8908 

OOIUO 




Remarks. 

Crystalline deposits of 
calumcl were formed 
ill every experiment 
and no darkening was 
observed. 


Table IV. 


Normality of hydrochloric acid ^ 2-C4W. 


ilercuric 

Mercuric 


dilorkle. 

eliloride. 


Grams. Remarks. 

G rams. 

Remarks. 

9‘83I4 Xo precipitate at tlic cud 

30-2810 ' 

1 Very ^inute deposit, 

1 tliougbt to be sulphur. 

of the experiment 


14 73r»2 

40-3700 

20-7948 

‘I2-S17U ' 

0-0437 gram of calomel 
produced. 


Uith a definite concentration of aciil, the yield of mercurous salt 
is dependent on the concentration of mercuric chloride nresent, 


Table V. 

In the ^mde^Inentionc(l ex|X“rifneuts two solutions, having either 
a constant acid or a constant mercuric chloride content (the values 
uackcled in the table), wurc«subjccted, concuiTently, to the action 
p sulphur dioxide for a definite period, which differed in the various 
experiments. 
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Temperature = 95®. 


Mercuric 

chloride. 

Concentrated 

hydrochloric 

acid. 

Water. 

Mercurous chloride 
obtained. 

Grams. 

C.c. 

C.c. 

Grams, 

|3-3 


115 

0-0757 

10 

no 

0-0063 

|3-3 

G 

lU 

0-024.5 

O' 6 

110-4 

0-0000 

f6'6 

4'6 

115-2 

0-4397 

\3-3 


115-2 

0-0870 

/ 60 

4-« 

115-2 

0-2633 

ll3'2 

115-2 

2-0852 


These experiments confirm the idea that the airiount of mercurous 
chloride deposited is dependent on the concentration of the acid 
itself and the initial concentration of the mercuric chloride. Dcbray 
{Compt. rend., 1882, 94, 1222) observed a similar behaviour of 
mercuric chloride in solutions of sodium chloride. This peculiarity 
of mercuric chloride in the presence of hydrochloric acid and alkali 
chlorides seems satisfactorily explained by the fact that mercuric 
chloride is only slightly ionised even in aqueous solution and that 
it forms complexes with hydrochloric acid and alkali chlorides. 
Before reduction of the mercuric chloride can occur, a certain 
concentration of free mercuric ions must l)c present, In hydro- 
chloric acid of high c once [it ration, no such mercuric ions will In- 
formed. When mercuric chloride is taken up in the form of the 
complex, it \rill ionise mainly as H^llgCl^ 2H‘ q- Hgt'!/'. 
IjC Blanc and Xoyes {loc. di.) have shown that the actual hydrogen- 
ion concentration of hydrochloric acid is nnatfected by addition 
of mercuric chloride. However, the concentration of the chioriiK' 
ion is affected by the formation of the complex, and as this is ik 
important ion in determining the ionisation of the mercuric chkn'idc 
into mercuric iens, it follows that a stage will be reached in the 
addition of the mercuric chloride to the acid wlicn the chlorine-inn 
concentration will be sufficiently*lowerod to allow the necessary 
mercuric ion concentration to be present for reduction to proc('eil, 
Obviously, on this view, the conditions for reduction arc, iu agree- 
ment witli the experimental results, dt'pendemt on the concentration 
of the acid and of the mercuric chloride. ' 

The Quantitative Redudion of Mercuric Chloride. 

Sulphur dioxide was passed for tvfclvc hours into an a(pieons 
solution (120 c.c.) at 95^ containing the amount of mercuric chloride 
given in the first column in Table \i. 
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Table VI 


l^Iorcuric Mercurous chloride. Mercuric Mercurous chloride, 
chloride. Grams. chloride. Grama. 


Grams. 

Calc. 

Found, 

Grams. 

Calc. 

Found. 

3-3791 

2-9380 

2-8862 

2-6053 

2-2650 

2-2470 

3-3000 

2-8690 

2-8236 

2-5990 

2-2600 

2-2400 


From the above figures it will be seen that the reduction is nearly 
quantitative when 2-6 grams of mercuric chloride are present under 
the special conditions of the experiment. Sartorius found that 
reduction was nearly quantitative at 70 — 80° in a solution con- 
taining 1 gram of mercuric chloride in 80 c.c. Sanders (toe. cit.), 
using boiling solutions, found that the reduction was quantitative 
only when not more than 2 grams of sulphur dioxide per litre were 
i prefjeiit. This corresponds with a reduction of 17 grams of mercuric 
I chloride per litre. Our figure corresponds with 21*7 grams of 
\ mercuric chloride per litre reduced by sulphur dioxide. Reference 
: to Table VI, however, indicates that reduction would only bo 
complete in a somewhat lower concentration of mercuric salt. On 
fSatiders’s figure, the reduction results in the liberation of hydro- 
chloric and sulphuric acids, the total concentration of which pro- 
duces an acidity of 0*13A\ Undoubtedly the production of a definite 
acidity brings the reaction to a close, for hydrochloric acid will react 
with the mercuric chloride to form com pic xes and un -ionised molecules. 
To determine what effect approximately 0-13.Y- or less concen- 
trated hydrochloric acid has on calomel, the following experiments 
were carried out. 

Table VU. 

The mercurous chloride was covered with 120 c.c. of the acid 
of strength specified in the first column, and sulphur dioxide was 
passed for varying periods, the temperature being 95°, 

Normality of 
hydrochloriu 

acid. Remarks. 

0*100 No darkening at the end of Sdhourjs. 

O' 020 Slightly grey at the end of o lionrs. 

0-016 Dark at ^lie end of 4 liours. 

0-0t>l Distiiutly black at the end of 4 hours. 

Those results serve to clarify tliosc of I’ahle TI Considering the 
results in Tables II and Vll, it seems clearly established that in 
the reactions of mercurous chloride and sulphur dioxide in the 
presence of hydrochloric acid there is a definite stage of acid con- 
centration whore the calomel remains unaffected. Tlie lower limit 
of this stage has been fixed by tlie exixTiinents recorded in Taltle \ I. 
Ihe concentration of the hydrochloric acid liberated in the quan- 
titative reduction of mercuric chloride wa« O-Ofio.V; a similar 
concentration of sulphuric acid would also be liberated. With 
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concentrations of acid ranging from this to about 0-02^, only 
very slight darkening was detected. With acid less concentrated 
than 0-02iV', distinct reduction was noted, which became more 
pronounced as the acid reached zero concentration. This reduction 
takes place in accordance with equation (iii). 

Above 0‘065iV-acid concentration, there is a range of acidity 
where the calomel is unaffected. Beyond this area, darkening 
occurs in accordance with equation (ii). 

Reduction of 3Iercurous Chloride to Mercury, 

To determine the acidity produced w^hen mercurous chloride was 
quantitatively reduced to mercury by sulphur dioxide, calomel, 
covered with water, was subjected to the action of sulphur dioxide 
at 95° for twelve hours. It was found that the nlaxiinum amount 
of calomel that w^as quantitatively reduced to mercury under the 
conditions of the experiment was 0-2024 gram. The maximum 
amount of mercuric chloride (in 120 c.c. of w^ater) that was reduced 
to mercury by sulphur dioxide under the same conditions was 
0*154 jjram. Calculating the acidity of the solutions produced by 
the reductions, it was found that the mercurous salt gave a 0-014xV- 
acidity and the mercuric chloride a 0 019iV-acidity. These results 
show a distinct agreement and seem to indicate that for complete 
reduction a very low acid concentration must be finally produced. 
From these results it would seem that if an acidity of more tlian 
approximately 0*02 A' is developed in the reduction of the mercury 
chlorides, reduction to mercury will be incomplete. Reference to 
the various results obtained in the investigation of the influence of 
acid concentration on the reduction of calomel shows that only 
when the acidity w^as les.s than the above figure w’as appreciable 
darkening noted. Superficial darkening has been noticed in acid 
of higher concentration, but it may be due to experimental error 
and not to a definite reduction effect. 

Summary. 

The typo of reaction that occurs wdien sulidiur dioxide reads 
at 95° with mercurous chloride in tfle presence of hydrochloric acid 
depends on the concentration of acid present. 


Normality of 
hydrochloric 
acid. 

8—2 

Remarks. 

Omdalion arta. Oxidation deer cases 

with dc* 

Ec]Uatitin. 

(i) 

2— OIG 

creasing acid concentration. 

Decomposition area. Darkening decreases willi 

(■’) 

0*16—007 
0-07— 0-02 
0*02 — zero 

decrease in acid concentration. 

Inert arm. Calomel unafTei^ted, 
Minute reduction. 

Reduction arm. Reduction increases 

with de- 

(iii) 


creased acid concentration. 
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Quantitative reduction to mercurous chloride occurs when sulphur 
dioxide reacts for twelve hours at 95° with approximately 2-6 grams 
of mercuric chloride in 120 c.c. of water. Above this concentration 
of mercuric chloride, incomplete reduction occurs. The amount of 
reduction of mercuric chloride to mercurous chloride depends on 
the concentration of hydrochloric acid present and the initial 
concentration of mercuric chloride. 

The small degree of ionisation of mercuric chloride in aqueous 
solution, and the fact that it forms complexes with hydrochloric 
acid, have an important bearing on the above reactions. 

The authors desire to express their thanks to the Chemical 
Society for a grant which has partly defrayed the expense of this 
investigation. 

Department of Chemistry, 

The University, Birmingham. [Received, May 13/ A, 1922.] 


CLXXV , — The Cyanine Dyes, Part F. The Virtual 
Tautomerism of the Thiocyanines, 

By William Hobson Mills and Walter Theodore Karl 
Braunholtz. 


The structural formulaj which have been established for various 
classes of cyanine dyes all contain one equivalent of an acid radicle 
and two nitrogen atoms of basic function connected by a chain 
of conjugate double linkings. This strongly suggested the possi- 
bility that these dyes might exhibit a type of virtual tautomerism 
involving the transference of the acid radicle from one of the two 
nitrogen atoms to the other with the correlated shift in the con- 
jugated double linkings of the connecting chain. 

Other considerations pointed in the same direction. For example, 
whilst the results of the oxidation of an i,?ocyanine by potassium 
pennanganate (Mills and Wishart, T., 1920, 117 , 579) indicate that 
the '/weyanines have the structure II, 


\_/ 

(h) Rn/ I \ 

N 


/\ 

R X 


/“\ 

\_/ 

X ’\/\/ 

N 

R 


t is not easy to see how the ^direct formation of a substance of this 
constitution could take place through a condensation between a 
luiiiolinium pseudo-base and a quinaldinium salt in which the 

3f* 
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methyl group of the latter was concerned ; yet there is much reason 
to believe that the production of isocyanines by the action of alkali 
on a mixture of alkyliodidcs of quinoline and quinaldine is dependent 
on a reaction of this kind. If, hov/cver, it could be assumed that 
the isocyanines were derived frou a primary product of constitu- 
tion I (Konig's formula) by an intramolecular change of the type 
suggested, this difficulty woulc be removed. 

We have therefore investigated the question experimentally and 
have found that this type of virtual tautoinerisra actually exists ; 
for identical cyanine dyes are formed in two processes which, in 
the absence of such an intramolecular change, should have given 
isomeric compounds, differing in the nitrogen atoms to which the 
acid radicle was attached. 

The recently described thiocyanines (this vol, p. 454), derived 
from benzothiazole, are well adapted, as regards their constitution 
and method of formation, for investigation in this manner, and we 
have employed for our experiments compounds belonging to this 
group. We have condensed (i) 5-methylbenzothiazole ethiodido 
with l-methylbenzothiazole ethiodide {reaction A) and (ii) 1 : 5- 
dime thy Ibenzothiazole ethiodide with benzothiazole ethiodide 
(reaction B) by heating together in p}Ti(line solution. 


S S 


(]J{ /\/\ /\/\ 

1 CH + CH,-C ! 1 

(A.) \/\/ 

N 

X/\/ 

N 

/\ 

Et 1 

Et I 

S 

S 

CH 

1 C-CHa 

/\/\ 
+ HC 1 1 

(B.) \/\/ 

N 

X/\/ 

N 

• 

Et I 

Et'l 


s 


s 


CH 


3| 1 c:cH‘0 I 


Clb 


NEt NEt 

/ 

I (HI.) 

s s 


c*ch:c 


NEt NEt 

\ 

I (IV.) 


If the thiocyanines are not virtn^ty tautomeric compounds these 
two reactions should give different products, corresponding with 
the two formulae III and IV * Careful examination showed, liow- 
* If the thiocyanines were formed from an intermediate compound of thr 
type (by loss of hydrogen iotlide), the 

identity of the products of the two rca<'ticm8 would he explained witlioiit 
tho assumption of intramolecular change; for the same intermediate com- 
pound would then be formed by both pairs of alkyliodidcs. The improbability 
that the condensation of the two alkyliodidcs should precede the elimination 
of hydrogen iodide is, however, so great that we believe that this alternative 
need not be taken into account. 
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ever, that the thiocyanines formed were identical. Not only was 
there found to be exact correspondence in the general characters, 
'the melting points, the melting point of the mixture, and the solu- 
bility of the two products, but it was also found that neither would 
idissolve in the saturated solution of the other. 

I Which of the forraul®, III or IV, Is to be as.signed to the crystal- 
lline product to which both of the reactions give rise has not been 
ideter mined. It will evidently be the salt derived from the stronger 
'd! the two corresponding bases and therefore on account of the well- 
known influence of methyl groups on the strength of bases, the 
constitution IV must be regarded as the more probable. In view 
:)f the close correspondence in properties between the various 
classes of cyanine dyes, this demonstration of the virtual tautomer ism 
dI the thiocyanines can leave little doubt that the other classes 
this group of dyes, the cyanines and carboeyanines and 
their respective isomcridcs, arc capable of showing the same 
phenomenon. 

The tautomcrism of the thiocyanines is evidently dependent on 
:he association of the acid radicle in these compounds with a pair 
Df nitrogen atoms connected by a chain of conjugated double 
inkings. We believe that it may safely be concluded that this 
phenomenon is not confined to the cyanine group of dyes, but will be 
‘X hi hi ted by other types of ammonium salts in which these condi- 
:ions recur, as, for examine, the basic dyes of the triphenylmethane 
leries. 

In these condensations of bcnzothiazole alkyliodides, brought 
ibout by boiling with pyridine, purple carbothiocyanines are 
ornied along with the yellow thiocyanines. The composition of 
«he carbothiocyanines produced in the two reactions described 
n thi.s communication confirms the view of the origin of these com- 
)ouuds which has already been put forward {lor. cit.). According 
o this, the carbothiocyaninc molec\ile contains the residues of two 
nolecules of the 1 -methyl-substituted benzothias^le alkyliodide 
fin ployed in the condensation, and the.'ic arc linked together (as is 
pdicated by the dotted lines in fbrmuUe V and VI) by a mcthenyl 
i^oup produced from, or by the agency of, the other alkyliodide in 
duch the 1 -position is free. 

Ihc carbothioc\^anine produced in reaction A, in which l-methyl- 
|enzothiazolo ethiodido and o-methylbcnzothiazole cthiodide were 
ieated together in pyridine solution, was the same as that formed 
rom bcnzothiazole ethiodido and l-inethylbenzothiazole ethiodido. 
nhs substance therefore clearly cannot contain a 5-methyl group ; 
pe two benzot hi azole nuclei which it contains are eonseC|uently 
jotli derived from the alkyliodide which contains the i -methyl 

3 F 2 * 
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group, and the substance in all probability possesses the constitu- 
tion V. 

(V.) ■ 

(VI.) CH3.CeH3<|^>C:CH|'CH:|cH'0<|ba>C6H3’CH3 

Reaction B gives rise similarly to 5 : 5'-dimethyl-2 : 2 '-diethyl - 
carbothiocyanine iodide. It has already been shown {loc, cit.) 
that this fact loads to the saim? view of the in^hod of formation 
of the carbothiocyanines. ^ 


Experimental. 


(A.) CoTidemaUon of 5-MefhjJlmnofhiazole EtUodide with l-Mclhjl- 
henzotkiazole Ethiodide. 


^~Meihylbenzoikiazole.—T\\h base was first obtained by Hess 
(Rer., 1881, 14 , 492) by heating ^-aminothio-m-cresol with forniic 
acid. We have prepared it by the decomposition of 5-methyb 
benzothiazole-l -carboxylic acid, a method analogous to that by 
which Reissert {Ber., 1904, 37, 3731; 1905, 38, 3430) obtained 
benzothiazole. 

Ethyl oxatoluidate (20 grams), obtained from ethyl oxalate and 
p-toiuidine (Klinger, Annalen, 1877, 184, 285), w'as dissolved in 
xylene (200 c.c.) and the solution boiled witli phosphorus ponta- 
siilphide (C grams) for one hour, 'Phe mixture was filtered through 
glass w'ool to remove tarry matter, and the reddish-brown xylene 
solution extracted three times with 10 per cent, aqueous sodium 
hydroxide. On acidifying the united extracts with hydrochloric 
acid, a bright yellow', crystalline precipitate of thiouoxatoluidie 
acid was obtained, which was filtered, washed with a little coid 
water, and dried in an evacuated desiccator. The yield wa.s about 
10 grams. Ths acid was purified for analysis through its sodium 
salt (compare the preparation of thionoxanilic acid by Reissert, 
Rcr., 1904, 37, 3712). 'The pure (^jmpound forms small, light yellow 
crystals, melting and decomposing at 134—135° (Fo\ind : N 7*15, 
CgHgO^NS requires N = 7-18 per cent.). 

The oxidation of thionoxatoluidic acid by potassium fcrricyanidc 


CH. 


HS 

/\ \ 

1 i c 
\/\/ 
N 


S 


CH 

I C-CO.H 

\/\/ 

N 


results in the formation of a benzothiazole ring. To a solution of 
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the acid (25 grams) in 5 per cent, aqueous sodium hydroxide (400 c.c.), 
a 20 per cent, aqueous solution of potassium ferricyanidc (560 c.c.) 
was slowly added at room temperature with mechanical stirring. 
The sodium salt of 5-methyl benzothiazole-1 -carboxylic acid, which 
began to separate almost immediately, was collected and washed 
with a little cold water. The filtrate, containing some of the sodium 
salt in solution, was acidified with hydrochloric acid, the free carb- 
oxylic acid being precipitated as an almost colourless solid. The 
sodium salt was dissolved in warm water (about 500 c.c.) and the 
solution filtered to remove a little tarry matter. On acidification 
with iiydrochloric acid, the carboxy'ic acid was throwm down as a 
voluminous, colourless, crystalline solid, w'hicli was filtered and 
washed with a httlc cold water. 

The united yield of o-methylbenzotluazolc-l -carboxylic acid was 
transferred, without further purification or drying, to a wide- 
necked flask and decomposed by warming under reflux. Frothing 
occurred owing to liberation of carbon dioxide, and water and a 
sw'cct-smelling oil remained. The latter was extracted "with ether 
the extract dried with anhydrous sodium carbonate, and the residue 
distilled under diminished pressure. 5-Methylbenzothiazole (11 — 
12 grams) was thus obtained as an almost colourless oil of honey- 
likc odour; it boiled at 2497'7o5 mm., and at 133'"/18 mm. It 
solidified on cooling with ice and melted at 15° (Hess, loc. cit.^ gives 
1}. p. 255°, m. p. 15°). 

6-Meihjlbenzothiazole cthiodide was prepared by heating equi- 
molceular quantities of the base and ethyl iodide in a sealed tube 
at 100° for eighteen hours. The crystalline mass formed was 
rccrystallised from alcohol, giving colourless prisms melting at 168°, 
the yield being almost theoretical (Found ; I — 41 ‘86. 
requirc.s I ~ 41-64 per cent.). 

The. Thiocfjanine (Tj). — A solution containing 5-methylbenzo- 
tliiazolc ethiodide (5 grams) and 1-methylbenzotliiazole cthiodide 
(5 grams) in pyridine (20 c.c.) W'as gently boiled f()r seven hours. 
After keeping tlic deep purplish -red reaction mixture for forty 
hours in a dark place, a red, crystalline solid was found to have 
separated. This consisted of a juixturo of the unclianged cthiodides 
and the thiocyaiiine, coloured red by the presence of a trace of the 
carbothiocyaniiie. It w'as collected and the unchanged cthiodides 
were removed by extraction with warm water. The residual 
thiocyanine (T;^) was purifieil by repeated er^'stallisation from metliyl 
alcohol. It forms briglit yellow' net'dles, m. 286° (deeoiii]).). 
Yield 0-4 gram (Found C = 5(.l'5; H — 4-34; 1 = 26-3. 
^' 20 ^ 21 ^ JSg requires C = 50 -0 ; H = 4*37 ; I = 26-46 per cent.). 

2 : 2'-Dkthylcarb<Mhioc(janinc Iodide. —Tho pyridine jQltrate con- 
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taining the carbothiocyanine was poured into about five times its 
volume of water. A dark, resinous precipitate was formed which, 
after digestion with ether, left the dye as a deep purple, amorphous 
solid. By crystallisation from methyl alcohol, the characteristic 
steel-blue prisms of 2 : 2'-dicthylcarbothiocyamne iodide were 
obtained. Dried at 120—130®, the loss in weight was 6-31 per cent. 
(CgiHgiNglSg^CHg-OH requires CHg-OH = C-ll per cent.). (Found : 
I — 25*98. Calc., I = 25-81 per cent.). The melting point was 
the same as that of the carbothiocyanine prepared from benzo- 
thiazole ethiodide and Lmethylbenzothiazole cthiodido, and the 
mixture of the two preparations also melted at the same temper- 
ature. As the carbothiocyanincs decompose at the melting point, 
the melting point observed depends on the rate of heating. Heated 
very slowly in the same bath, the two products and their mixture 
each melted at 260°. 

(B.) Condensation of Benzothiazok Ethiodide iciih I : d-Dimethjl- 
he7izothiazok Eth iodide. 

This condensation has already been described by one of us (loc. 
cit.). For the present purpose, a solution of benzothiazole ethiodide 
(6 grams) and 1 : 5-dimethyibenzothiazolc ethiodide * (8 grams) 
in pyridine (25 c.c.) was gently boiled for seven hours. The thio- 
cyanine (Tg) and the carbothiocyanine (5 : o'- dimethyl- 2 :2'-di- 
ethylcarbothiocyanine iodide) were isolated and purified as described 
above. 

The thiocyaninc was obtained as bright yellow needles melting 
and decomposing at 286° (Found : C ” 49-76 ; H — 4-37 ; I — 20-58. 
Calc., C = 50-0; II = 4-37 ; I = 20-46 ])er cent.). 

The Identity of the Thiocyanines Produced in the Tuv Condenmliom. 

The thiocyanines produced in the two condensations are imli.s- 
tinguishable in Appearance. The composition of each, as has been 
shown above, agrees with the formula C 2 oH.>iN.JS.,. There is also 
exact concordance in the melting ^oint.s ; both product.s, as well a.s 
the mixture of the two, melted and decomposed at the same tcm])er' 
ature (286°) when heated side by .side in the .same ap[)aratus. 

Finally, the identity of the two products wa.s definitely esta))- 
lished by determinations of their individual and mixed solubilities. 

Excess of the substance (0-8 gram) wa.s stirred contimi^msly for 
several days with methyl alcohol (100 e.c.) in a tlmrmostat at 25 \ 
From time to time about 10 c.c. of the solution were withdrawn, 

t 

* This Balt, orystallised from rectified spirit, eonUins water of crystallis- 
ation and melta at The anhydrous salt melts at lG3^ 
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weighed, and evaporated, and the weight of dissolved substance 
determined. The determinations gave the following results : 


Disaolved thiocyanine 


(hours). 


Ti- 

T,. 

44 


0-243 

0-240 

67 


0-242 

0-234 

95 


0-238 

0-250 

119 


0-239 

0-242 

163 


0-237 

0-241 


Mean 

0-240 

0-242 


Saturation was thus attained within the first forty-eight hours, 
and the solubility of the two products was the same within the 
limits of cxperimwital error. The two saturated solutions, together 
with the undissolved solid in contact with each, were then mixed 
and the stirring was continued at 25°. Five determinations of the 
amount of dissolved substance were made at intervals between 
twenty-four and forty-eight hours after mixing. The values 
obtained were 0-242, 0-237, 0-238, 0-24G, 0-243, giving a mean of 
0-241 gram of dissolved thiocyanine per 100 grams of solution. 
Thus, neither of the two products Tj and Tg was able to dissolve 
in the mixture of their saturated solutions; they were therefore 
identical. 

For comparison, the corresponding experiment was carried out 
with methyldiethylthiocyanine iodide (Tj) and a different, but very 
closely related compound, diothylthiocyanine iodide. 


Methyldiethylthiocyanine iodide (T^) 

Diethylthiocyanino iodide ('1'^) 

Mixture of and 


Gram per 100 gramg 
of solution. 
0-240 
01 23 
0-373 


Here, as was to be expected, the solubility of the mixture of the 
two substances was equal, approximately, to the sum of their 
individual solubilities. 


One of us (W. T. K. B.) is indebted to the Department of Scientific 
and Industrial Research for a grant for which he desires to exprc.s.s 
his thanks. 


Univer.sity Chemical Laboratorv, 
, Cambridge. 


[Heed red, June 15//), 1922. 
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CLXXVI. — The Formation and Stability of spiro-Com- 
pounds. Part VIII. The Dieckmann-Komppa 
Reaction. 

By Frank Dickens, George Armand Robert Kon, and 
Jocelyn Field Thorpe. 

The evidence communicated in tlie previous parts of this series 
shows that when two of the valencies of a carbon atom are linked 
to two single carbon atoms- which are themselves otherwise free, the 
angle subtended by the four valencies may be regarded as being 
equal to the normal tetrahedral angle, that is, lOO'^ 28', but that 
if the two carbon atoms are not free and arc included, for example, 
in a cyclohexane complex, the angle is deflected and becomes in 
this case 107'^ 15'. On the other hand, the inclusion of these 

a .0 C-Cx yC 

Nc<f 109^ 28' 16" I 109’ 46' 16" 107° M' 58" 

carbon atoms in a cyc/opentano complex was shown in Part III 
(T., 1920, 117, 1580) to lead to experimental results which were in 
accordance with the view that the angle in this case was 109° 4G' 
and therefore differed only by a few minutes of arc from the normal 
angle. 

Still more recently (this vol, p. 1430) it has been shown that even 
although the carbon atoms are not included in a ring the angle may 
be altered by linking another carbon atom to each of the two carbon 
atoms which influence the deflection of the angle. Thus the diethyl 
group was found to exert an influence which was, in effect, between 
that caused by the dimethyl group and cyclohexane ring. 

The evidence was based for the most part on a close study of tlic 
three-membere(i carbon ring compounds which wore formed from 
the diacetic acid in each series, and it has been clearly proved that, 
in this connexion, the deflexion of the angle increases both case of 
formation and stability, and that the order of effect is that which 
is in accordance with the alteration of the angle, namely— 

ajcloPentane- yem-Dimethyl ye?7oDiethyl cyc^oHexane, 

It follows that the methylethyl group will probably come between 
the yem-dimethyl and the yem-dicthyl groups, an a.ssumption which 
i.s not only borne out by tiie experiments described in this paper, 
but to which other experiments, shortly to be published, afford 
strong support. * 

In the present paper wo bring forward cxpenmontal evidence 
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which shows that the deflexion of the angle affects the formation 
of the five-membered carbon ring in a manner similar to that which 
is apparent in the cyclopropane series. The experiments have been 
carried out in the same way as that adopted in the previous scries, 
namely, a reaction leading to the formation of a five-membered 
carbon ring has been chosen and the quantity of cyclic condensation 
product formed in each of the scries mentioned below, under 
precisely similar experimental conditions, has been compared. 

The reaction selected in the present instance was that originally 
discovered by Dieckmann (2?er., 1894, 27, 965) and by which he 
prepared derivatives of cyc?opentanedione by the condensation of 
oxalic ester with an ester of a glutaric acid in the presence of sodium. 

The reaction may be represented as proceeding in cither one of 
two ways : 

((/,) It may be of the “ box and lid ” type and go in one stage : 


.CH^’CO^Et , OEf^O 
OEt-CO 


/CH(C02Et)-C0 

^^CH(C02Et)-C0 


+ 2EtOH. 


{b) It may occur in twm stages, an oxalyl derivative being the 
intermediate product : 


/CH^-CO^Et OEt-^O 
* CHa'COjEt COoEt 


CH <CH(C02Et)'C0 
- GHj-COjEt COoEt 


+ EtOH. 


(I-) 


.CH(C02Et)-CO 
^^CH, EtO-CO 
COoEt 


/CH(C02Et)-C0 
^ TH(C02Et)-C0 


+ Eton. 


In the first place it was necessary, in order to make our proposed 
comparison complete, to ascertain in which way the reaction pro- 
ceeded. It is evident that any tendency to five-carbon ring form- 
ation due to the deflection of the tetrahedral angle in the glutaric 
complex would be greater if the reaction wore of t^qw (a) than if 
it were of type (6) because in the former case the necessary alteration 
in valency direction would be hot no l)y both carbon atoms of the 
oxalic ester group whereas, in a reaction of type (6), the whole change 
would have to be borne by a valency of one carbon atom. 

As a matter of fact the experiments .•show’ that the course of the 
reaction is that represented by (6), and, in the case of the simplest 
Diemhcr, we have been able to isolate tlic intermediate oxalyl 
fieri vati VC (I). The discovery that this is the true course of the 
reaction enabled us, moreover, to furnish an explanation of certain 
hmarkable facts which were revealed by a study of the literature, 
pnd which, *^at first sigiit, seemed to conflict with the general hypo- 
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thesis forming the basis of this series of communications and wliich 
ia given in outline on page 1496, For example, Dieckmann found 
that the greatest yield of condensation product was formed when 
ethyl glutarate was used, that a diminished yield was obtained with 
ethyl [i-methylglutarate, and that only a poor yield of product 
could be isolated when ethyl pp-dimethylghitaratc was employed * 
It will be noticed that if the angles are of the order 


H\ G 


c/ 


and if the reaction is of the “ box and lid ” type (a), the greatest 
yield should have been given by pp-dimethylglutaric ester, in which 
the tetrahedral angle differs from the angle of the cyc/opentand' ring 
by some minutes of arc only. We have no reasons to doubt that 
the values given to the angles are substantially correct, and, if wc 
had no experimental evidence to warrant us in doing so, we should 
have had to discard, on those grounds, the view that the reaction 
could proceed in accordance with type (a), but, as it happens, the 
proved course of the reaction provides us with an adequate ex- 
planation which brings into line with our general hypothesis the 
facts which seem to conflict with it. 

It has already boon mentioned that the greatc.st yield of con- 
densation product is given by glutaric ester itself. It therefore 
follows that in the oxalyl derivative (1) the carbon atoms which 
are to join during the second stage of the reaction in order to form 
the five- mem bered ring must be nearer together than in any other 
member of the scries. It follows also that this effect can only have 
been produced by the alteration of the normal angle of 1 1 5 3^ 
to a value approaching that of the angle of the ryrlopcntane ring 
and that this result has been brought about by tlie i)resence of the 
oxalyl group on the a-carbon atom. 

What now wtmld be the effect produced by a further deflexion 
of the angle due to the presence of ye -groupings or ring complexes ? 
The effect would obviously be t» produce an overla[)[)ing in the 
positions of the tw'o carbon atoms which are required to link in 
order to produce the five- mem bored ring, with the result that tlio 
greater the deflection the greater would be the difficuitv expcri(‘ncrd 
in closing the ring, until a stage would be reacimd where the possi- 
bility of this particular ring formation would cease. 

The experiments described in this paper support the liypothesis 


* Korappa {Annalen, 1909, 368, 13”) niiU'riaUy iiicroaw'd tliis yield by 
using a more atrongly enforcing reaction. Konippa’s modification of the 
Dieckmann reaction was used by us throughout, 
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mentioned above, for it is found that as the angle decreases the 
yield of c^efopentanedione decreases, a fact which is clearly shown 
by the following table : 


Oxalic eater with ester of 

Glutaric acid 

j3-Methylglutaric acid 

c,yctoPentancdiacetic acid — 
j3;3-Dimethylglutaric acid 
j8j3-MethylethyIglutaric acid 
0 -Dicthylglutaric acid . . . . 
rycioHexanediacetic acid . . . . 


“ Normal ” angle. 
115-3° 

112 - 5 “ 

109-5° 

109-3° 

“I 
+ 

107 - 2 ° 


Yield of cyclo- 
pentanedione. 

“ Reichlich ” 80 per cent.* 
“ Almost quantitative.” * 
00-70 per cent. 

66 per cent.t 
20 per cent. 

Nil. 

Nil. 


♦ Dieckmann. t Nomppa, also confirmed by us. 

+ We have no means, at present, of determining the influence of the ethyl 


grouj). 


This assumption implies that, in a series such as that given above, 
the carbon atoms which join to form the five-membered ring have 
reached positions of closest proximity in the oxalyl derivative of 
the unsubstituted glutaric series, and that in the successive members, 
the distance between these two carbon atoms increases through 
overlapping. There are several experimental facts which support 
this view, but perhaps the most striking are tho.se supplied by the 
investigations of Staudinger {Ber., 1911, 44, 521) on the polymeris* 
ation of the ketens, which arc summarised in the following table : 




c:co 


Decreasing stability -< 


>c:co 


ii 


>c 


Me Me\p/CO>.vp^Me 

Dccreusing stability 




Et- 


>c^:co 

H 
^co-. 

Equal stability 


Ph 

Ph 


'>c:co 




rKe<CQ>c<i'h 

^ 

Decreasing stability 


Tt will be noticed that the stability of the fyrfobutane ring reaches 
a maximum in the dimethyl series and thereafter declines— a clear 
example of the effect of overlapping. 

There are, moreover, certain other facts wliich arise from our 
experiments which can bo adetpiately interpreted only on the 
assumption that overlapping of the kind postulated actually occurs. 
It will, for example, be reali#5ed that the increasing deflexion of the 
angle which leads to the increasing separation of the two carbon 
atoms reejuired for five-memberod ring formation must tend to bring 
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tlie two carbon atoms required for four-ring formation closer 
together. If, therefore, the compound under investigation is one 
which can lend itself equally well to four- or five-carbon ring pro- 
duction, it is to be expected that in those cases where the over- 
lapping has separated the carbon atoms required for five- ring 
formation to a distance which prevents the reagent used from 
joining them, as, for example, in the diethylglutarate and cyclo- 
hexanediacetate series, evidence might be found showing that 
some, at any rate, of the four-carbon ring compound had been 
formed. As a matter of fact, the oxalyl derivative is a compound 
of the type described, for not only can it be transformed into 
the five-membered ring as shown on page 14117, but it c<an also bo 
converted into a four- moiubc red ring as indicated below : 


C0-C02Kt 


CO-CO.Et 




( 11 .) 


Et 

Et 


>C< 


Cfi2>CO 

OlbCO^Et 


CO 4- CO. ElOH 


Oxalyl derivatives of this kind are, as is well known, readily hydro- 
lysed and then pass into the monocarboxylic ester in the manner 
shown. 

It is therefore to be expected that if any of the four-ring derivative 
is formed in the diethylglutarate and c?/c?ohexanediacctatc con- 
densations, it will be found as the ester of the keto-monocarboxylic 
acid in the steam distillate. 

Our experiments on this point are conclusive in so far as they show 
that a small quantity of the diethyl-keto-estcr (li) is produced in 
the condensation of methyl fj!3-diethylglutarate and methyl oxalate 
by the Komppa modification of Dicckraaim’s reaction, I)ut, un- 
fortunately, all attempts to isolate a similar compound in the 
cycfcihexanediacetate series, -which should, theoretically, give a larger 
yield of the cyclobutane derivative, were unsuccessful. When it is 
remembered, however, that the experimental dillieultios which ari.se 
in the cyclohexancdiacetate series ai^j very much greater than those 
which have to be surmounted in the diethylglutarate series, owing, 
for example, to the less volatile character of the ])r{)duct.s formed, 
it is easy to understand how the small (plant ity of cyclobutmo 
derivative which should have been produced could have been lost 
among the mass of uncrystallisable gum and resin which, is the 
actual product of the interaction of methyl ryclofiexanediacctate and 
methyl oxalate in the prescnco of sodium motlioxidc. tVe do mjt 
think, therefore, that too much stress sliould be laid on thi.s one 
weak spot in our chain of evidence . 
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During our experiments with the ester of c^cZohexanediacotic 
acid we noticed that the condensation with oxalic ester led to the 
formation of very small quantities of the mono-ketone (III) and of 
the diketono (IV). 


(III.) 


CH2< 


(IV.) 


These compounds have been prepared by Kon (this vol., p. 520) 
by the action of metallic potassium on ethyl cycfohexancdiacetate, 
and it seemed to us likely that they might have been formed in our 
reaction in a similar manner, the oxaHc ester having played no 
part in their production. This was proved to be the case, because 
an Experiment carried out without oxalic ester was found to yield 
the same small quantities of the two ketones. 

It is evident that it will bo necessary, in order fully to establish 
the views advanced in this paper, to isolate the oxalyl derivative of 
each member of the series and to study the conditions under which 
they are transformed either into the four- or into the five- mem bered 
carbon ring. Tliese experiments are now in hand and will form the 
subject of another communication. 


E X P K R I M E N T A L. 

Condenmtion of Ethyl Glutarate aiid Ethyl Oxalate. ' 

The pasty mass formed, with evolution of heat, from ethyl oxalate 
( 21-9 grams) and sodium etlioxide (prepared from 3-5 grams of 
.sodium), was dissolved in dry ether (90 o.c.) and ethyl glutarate 
( 28-2 grams) added with vigorou.s shaking. The mixture, having 
been gently boiled under rctiux for twenty -four hours, was cooled 
with ice, and the yellow precipitate of sodium derivatives was 
collected, washed with ether, and decomposed with ice-cold, dilute 
sulphuric acid. The pale yellow oil produced, isolated by me.ans 
of ether, weighed 18 grams. This oil contained about 50 j)er cent, 
of ethyl hydrogen glutarate ; the remainder consisted of approxi- 
mately equal weights of the o%lyl derivative (I) and ethyl cyclo- 
pentanc-3 : 4-dione-2 : 5-dicarboxyIate, the latter crystallising on 
keeping. 

The oxalyl derivative was isolated in the form of its semicarbazon^f 
which crystalli.se3 from alcohol as coJourless needles melting at 
130° (Found: C = 48-89; H-=6*94; N = 12-16. 
requires C = 48-70 ; H = 0-72 ; N = 12-17 per cent.). 

On distillation, the oxalyl derivative decomposed quantitatively 
nto carbon monoxide and ethyl propane- ayy-tricarboxylate, a 
mlourlesa oil boiling at 184° /26 mm. (compare Ber., 1891, 24, 282) 



1502 DICKERS, KON, AND THORPE : THE FORMATION AND 

(Found: C = 55-35; H = 7-87, Calc., C = 55-35; H == 7-75 
per cent.). The ester was readily hydrolysed by Bischoff’s method 
{Anmlen, 1882, 214 , 40) to propane- ctyy -tricarboxylic acid, small, 
colourless prisms melting at 123° after crystallisation from ether 
and petroleum (Found ; C — 40-8(1; H = 4-67. C^HgO^ requires 
C — 40-91 ; H = 4-58 per cent.). The acid evolves carbon dioxide 
on heating above its melting point, and the residue consists of 
glutaric acid, identified by direct comparison with a genuine 
specimen. 


The Komppa Reaction. 


The condensation of methyl oxalate with the esters inve.stigated 
was carried out exactly as described by Komppa [loc. cii., p. 137). 
After acidification with ice-cold, dilute sulphuric acid, the treatment 
varied according to the nature of the product, which, in the case of 
methyl ^p-diraethylglutarate and methyl cyc/o{>entane-l : l-diacetate, 
was quite solid; whereas in the other cases investigated it was of an 
oily nature and therefore was isolated by extraction wdth ether. 

Methyl cjchPentane-\ ; \-diacetaie . — This ester is a colourless oil 
boiling at 162715 mm. (Found : C - 61-41 ; H - 8-62. 
requires C 61-63 ; H 8-50 per cent,). 

The crude condensation product obtained from 18 grams of the 
ester weighed 12 grams (60 per cent, yield), melted at about 125 — 
130°, and was readily purified by crystallisation from alcohol. 

Af ethyl cychpentayiesphocydopentane-S : A-dione-2 : o-dkarboxyl- 


needles, melting at 138-5°, from benzene, ether, or dilute methyl 
alcohol. Like those of other similar ketonic esters, its alcoholic 
solution gives an intense port- wine coloration with ferric chloride; 
the ester dissolves in aqueous sodium hydrogen carbonate with 
effervescence (Found : C - 58-03; H = G-14. 

C ~ 58-18 ; H =*6-02 per cent.), 


r^Ohres 


The quinoxalinc derivative, 

4V8/ TH(C()2Me)'C:N ® 

was easily prepared by CA-aporating an alcoholic solution containing 
the calculated quantities of the diketonic ester and o- phony Icne- 
diamine. The oily residue solidified and was recrystal Used from 
methyl alcohol, forming minute, primrose -yellow prisms melting 
at 215—216°. The substance is sparingly soluble in alcohol, giving 
a yellow solution with a green fluorescence (compare Dieckmann, 
Ber., 1902, 35 , 3208) (Found : C = 67-0^ ; H = 6-15. 
requires C = 67-00; H 5-94 per cent.). 

The diketonic ester was readily hydrolysed on boiling for two 
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hours with an excess of 20 per cent, sulphuric acid. The brown 
oil obtained solidified on cooling, and after pressing on porous tile, 
the substance was crystallised from aqueous alcohol, forming 
beautiful, silvery plates melting at about 106'^. A seeond crystallis- 
ation from light petroleum (b. p. 40 — 50°) raised the melting point 

110 — 111®, and the substance was shown to be identical with the 
cyc/opcntane5pirocycZopentanc-3 : 4-dionc described by Kon {be, cit., 
p. 526) by direct comparison and by analysis (Found : C = 70-98 ; 
H — 8*10. Calc., C — 71-00 ; H ^ 7-96 per cent.). 

The quinoxalinc derivative was also prepared and was identical 
with that described by Kon {be. cit.), melting at 95—96®. 

Methyl ^^Methyl-^-ethylglutarate . — This ester boils at 128®/19 mm. 
(Found ; C ~ 59-10; H 8-98. C^QH^g 04 requires C = 59-37 ; 
H = 9-00 per cent.). 

Fourteen grams of the ester were used for each condensation. 
The product, which partly solidified after contact with ice-cold 
dilute sulphuric acid for several hours, was pressed on a porous tile 
and washed with a little benzene, when a nearly coIourles.s solid 
remained. A small additional quantity could be obtained by 
extracting the tile with ether. The best yield was 3 grams of crude 
substance (19 per cent.). 

Methyl \'methyl-\-ethybyc\opentuue-^ : i-dione-'Z : o-dicarhoxylate, 
forms short, thick, colourless needles, 

OH ( J *CO 

melting at 126® after crystallisation from dilute methyl alcohol. 
It closely resembles methyl diketoapocamphorate, and gives a 
strong red coloration with alcoholic ferric chloride ; it is soluble in 
aqueous sodium hydrogen carbonate (i'ound : C = 56-20 ; H ^ 6-52. 
CigHjgOg requires C — 56-26; H = 6-30 per cent.). 

The quinoxaline derivative, although evidently formed, as shown 
by the green fluorcscoiicc of the alcoholic solution, wTicn the diketonie 
ester was treated with o-phenylenediaminc, could not be isolated 
in a pure condition. 

The semicarhazojie, after crystallisation from alcohol, in which it 
is easily soluble, melts at 177® wfth decomposition. 

The diketonie ester was hydrolysed by boiling for two hours with 
an excess of 20 per cent, sulphuric acid, and the diketonc formed 
was isolated by distillation in steam. The distillate was saturated 
with ammonium sulphate and extracted with ether. On removing 
the ether, the diketone was obtained as a pale yellow oil which 
immediately solidified on cooling. 

^'MethylA’Cthybyclopentmc-'i : i-dione crystallises from light 
petroleum in slender, colourless needles melting at 63°; its alcoholic 
solution gives an intense port-wine coloration with aqueous ferric 
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chloride. It is soluble in sodium hydrogen carbonate solution 
(Found : C = 68-89 ; H — 8-78, CgHjgOg requires C = 68-53 ; 
H “ 8-64 per cent.). A solid quiiioxalinc derivative could not be 
prepared. 

The disemicarbazone, prepared in the usual way, was purified by 
boiling with a large volume of alcohol, in which it is only very 
slightly soluble. It is a raicrocrystalline powder, melting with 
decomposition at 240° (Found : C = 46-90; H = 7-19. 
requires C = 47-22 ; H = 7-16 per cent.). 

The residue remaining in the flask after the hydrolysis of the 
diketonic ester deposited 4 grams of crude ^-methyl- p>ethylglutaric 
acid, which was identified in the usual way. 

Methyl p [3 rate .—This ester boils at 131°/16 mm. 
(Found: C = 60-80; H = 9-28. C 11 H 20 O 4 requires 0 = 61-05; 

H = 9-34 per cent.). 

Fifteen grams of the ester were employed in each experiment. 
On adding the reaction- mixture to ice-cold, dilute sulphuric acid, 
a dark brown oil separated Avhich did not solidify after several 
hours. The oil Avas therefore taken up in ether, the extract washed 
Avith water, dried, and evaporated, 11 — 15 grams of a dark brown 
oil remaining. This was distilled in steam, Avhen 2 — 3 grams of a 
pale yellow oil, having a camphor-like odour, passed over. The 
oil gave an intense red coloration Avith ferric chloride, but it shoAved 
no sign of solidification and was therefore treated with semicarbazide, 
A small quantity of a very sparingly soluble semicarbazonc was 
first precipitated, melting Avith vigorous decomposition at 241° after 
purification by extraction Avith hot alcohol. This was identical 
with the disemicarbazone described on page 1506. The mother- 
liquor was diluted, when another substance gradually separated. 
This was found to be readily soluble in hot alcohol, and crystallised 
in colourless, feathery crystals melting at 1G6° Avithout decomposi- 
tion. Analysis showed it to be the semkarhazom of mdhjl 1 : l- 
didhyhydobutahe-'^-one-l-mrhoxylate (II) (Found: C = 55-05; 
H = 8-11 ; N = 17-84. requires C = 54-75; H = 7-90; 

N = 17-42 per cent.). • 

The liquid which remained after steam- distillation was boiled for 
two hours Avith an excess of 20 per cent, sulphuric acid, and again 
distilled in steam. In this way 0-7 gram of a pale yellow oil Avas 
obtained. This oil was also eiiolic and on treatment Avith semi- 
carbazidc gave a small quantity of the disemicarbazone. melting 
at 241° described above. 

The residue from the steam- distjllation consisted of crude 
Pp-diethylglutaric acid, which separated on cooling, and weighed 
7—8 grams. 
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Methyl cycloHexaneA : \-diacetate. — ^This ester is a colourless 
liquid boiling at 164°/26 ram. (Found : C = 62-92 ; H = 8-88 ; 
0j2^2/P^ requires C ~ 63-11 ; H = 8-85 per cent.). 

Nineteen grams of the ester were used for each condensation. It 
was not found possible to isolate a diketonic ester from the reaction 
mixture, which consisted almost entirely of cyclohexane- 1 : 1- 
diacetic acid. The crude product, however, gave a coloration with 
alcoholic ferric chloride and therefore contained a little enolic 
sub.stance, which was isolated by distillation in a current of steam. 
The distillate was saturated with ammonium sulphate and extracted 
with ether. After removal of the other with the aid of a column, 
the residue weighed about 1 gram, and consisted of cycZohexane- 
spirocyclopcntiim-3 : 4-dione (IV) (Kon, loc, cU., p. 522) together 
with a trace of cyc/ohcxane^pirocycZobutanc-S-one (TIT) [ibid.j 
p, 520), as shown by the formation of the corresponding semi- 
carbazones. The presence of the dike tone was further established 
hy preparing the cliaracteristic quinoxalino derivative with 
o-phciiylenodi amine. After crystallisation from dilute alcohol, this 
separated in butf-coloured needles melting at 99 — 100^ and w^as 
proved to be identical with the quinoxalino derivative of cydo- 
hexane^piVomyc?opentane-3 : 4-dione prepared by Kon {loc. cit.), by 
direct comparison with the original specimen. 

The residue in the flask after steam -distillation deposited on 
cooling 14-5 grams of cycZohoxanc-1 : i-diacetic acid (corresponding 
to 16-5 grams of ester used or 87 per cent.). 

An alternative method w'hich was also emidoyed, wa.s to extract 
the ethereal .solution of the crude reaction product with sodium 
hydrogen carbonate solution. In this w-ay, the acid together with 
some acid e.stcr was recovered and the di ketone remained in the 
ethereal solution. 

An experiment carried out under precisely similar conditions, 
without the addition of metliyl oxalate, gave the same products in 
comparable yield. 

Adion of Potasdum on Mdhyl ^^-Dicihylghifarate. 

The procedure described in Part VTI of this series (this vol., 
p. 518) w’as followed, using 05 grams of ester. Tlio products were : 
liTdiothylglutaric acid and its acid ester, 8 gram.s; portion not 
extracted by sodium hy<lrogen carbonate solution, 43 grams (after 
"cinoval of the xylene). On distillation under diminished pressure, 
flic latter gave a large fraction (15 grams) boiling at 12.5—130’^/ 
18 mm., which was strongI}> enolic, giving an intense port-w*inc 
coloration witli alcoholic ferric chloride. It was therefore treated 
with semicarbazide (12 grams) dissolved in sodium acetate solution. 
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The disemicarbazom of 1 : 1 






>C< 


CH,' 


CHv 


2 C.N NH CO NH2 obtained as a microcrystalUne, 
2’C-N*NH*CO*]SfH2 ^ 

white deposit after a few hours, and more was precipitated on 
dilution with water, the total yield being 7 to 8 grams. The 
disemicarbazone is best purified by boiling with alcohol, in which 
it is very sparingly soluble; after purification, it melts at 241® 
with vigorous decomposition (Found: C = 49-41 ; H = 7-84. 
CjiHgoOgNg requires C ~ 49-22 ; H = 7-53 per cent.}. The diketone 
can be regenerated from the disemicarbazone by distillation with 
10 per cent, aqueous sulphuric acid and forms a pale yellow oil 
boiling at 245®. It could not be induced to solidify and therefore 
w^as analysed without further purification (Found: C — 69-42; 
H ~ 9*23. requires C = 70-08; H = 9'15 per cent.). 

The acid liquid remaining after regeneration of the diketone 
deposited a solid which crystallised from alcohol in buff nocxlles, 
melting at 223®. This was doubtless a triazine of the type obtained 
by Kon {loc, cit., p. 522), 

A very small amount of a soluble scmicarbazone, melting at 160® 
after recrystallisation from alcohol, was slowly deposited after 
dilution of the mother- liquor, when the disomicarliazonc had been 
completely precipitated. This was identical w-ith the semicarb- 
azone described on ]mge 15)04, showing that a minute quantity of 
methyl 1 : l-dicthyIcyc^obutane-3-oue-2-carboxylatc (II) was formed 
during this reaction. 


In conclusion, our thanks arc due to the C'heinieal 8oeiety for a 
grant w^hich has partly defrayed the cost of the materials used in 
these experiments. 

The Imperial College of Science and Tech nolog y, 

South Kensington. [Rccciinl, June \oth, 1922 .] 


CLXXVII. — 2 : S~Tetr(tmethyMiamino(tcridi)ie. 

By Kishori Lal Moudgill. 

The following experiments were undertaken with a view to prepare 
2 : 8-tetraraethyldiaminoacridine, using dimethylanilinc as the 
starting material. For the preparation of the intermediate com- 
pound, 2 : 2'-diamino-4 : 4'-tetramethyIdianiin<)di])henyl!nethane, 
from dimethylanilirio by nitration, reduction, and condensation 
with formaldehyde, throe series of (xperiments were undertaken, 
each differing from the others in the order in which the above 
reactions were carried out. Tlic scheme is outlined below, The 
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best results were obtained in the third series, which alone will be 
described. 



IL) 



2 


/\ 

\/ 


iNMe, 



Experimental. 

yiiraiion of 4 : ‘i*-Telra}riflhi/Idiamifio(liph€n}/lmcihane. — Ullmann 
and J^larie used potassium nitrate in carrying out this nitration 
{Hfr., 11)01, 34, 4315). Attempts Mere made to substitute sodium 
nitrate, but without success. However, the following interesting 
method of preparing 3 : 3'-dinitro-4 : 4'-tetramethyldiaminodiphonyl- 
rnethane was discovered. 

A saturated solution of sodium nitrate (68 grams) in water 
(CO c.c.) was trcate<i with 300 grams of concentrated sulphuric 
acid, and the mi.xture obtained was used to nitrate 100 grams of 
4 : 4'-tetramethyldiaminodiphcnylmet]ianc dissolv'ed in 200 grams 
of concentrated sulphuric acid, tlic reaction being controlled with 
the aid of a freezing mixture. On adding sodium hydroxide, a red 
comjx)und was obtained. It wa.s crystallised from glaeial aectic 
acid, and melted at 124^ alone or mixed with 3 : 3'-dinitro4 : 4'- 
tetramethyJdiaminodiphcnyl methane prepared by another method. 
The yield was 81 per cent. (Found : 0 = 50*0 ; o'D. O1.H20O4N4 
requires C — 59'2; H — 5*8 per cent.). 

The required 2 : 2'-dinitro-4 : 4'-tetramethy]diaminodiphenyI- 
methane was prepared by nitrating 4 ; 4'.tetrametliyldiaininocli. 
phcuylmethanc with nitric <¥*id (Pinnow, Ber., 1890, 3162). 

Reducl ion of 2 : 2'- DniHroA : i'ddra mdhyld h m i nod i ph^n ylmctk - 
aac.— All the commoner methods of reduction were tried. The 
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best results were obtained with tin and hydrochloric acid. The 
nitro-compound (10 grams) was dissolved by heating with 240 c.c, 
of dilute hydrochloric acid containing 75 c.c. of the concentrated 
acid. The solution was cooled, and tin added gradually, the 
temperature being kept below 60°. The reduction was completed 
on a boiling-water bath, the solubility in glacial acetic acid of the 
precipitate given by the reaction mixture with sodium hydroxide 
being taken as a criterion of complete reaction. The unchanged 
tin was filtered off, the tin in solution precipitated by hydrogen 
sulphide, and excess of sodium hydroxide added to the clear filtrate. 
A 42 per cent, yield of yellow leaflets, m. p. 142°, was obtained after 
crystallisation of the base from rectified spirit, 

2 : ^-Tetramdhyldiaminoacridine. — ^Iminoiiia was eliminated from 
the preceding compound by heating with dilute hydrochloric acid, 
and a dihydro -derivative of the above compound obtained. Boehr- 
inger (/. _pr. Chem., 1806, [ii], 54, 244) recommends the oxidation 
of the dihydro -compound either by passing air through the acid 
solution or by the addition of ferric chloride, Both these methods 
W'ere tried and found unsatisfactory. After either of these treat- 
ments the acid solution was made alkaline with sodium hydroxide, 
and the orange precipitate dried. Attempts were made to crystallise 
it, but without success. Once or twice very small yields of liglit, 
yellow flakes were obtained, but generally a tarry oil was deposited 
on cooling a hot solution of the compound. The melting point 
of the substance was 174 — 170°. A su flic lent ly pure specimen for 
analysis could not be obtained. 

The following method of isolating the acridine compound proved 
more successful. The acid solution was i)oured into water and 
solutions in water of zinc chloride (1 part) and ferric chloride (2 parts) 
w^ere added. On standing, crystals of the zinc salt of the base 
separated out. These were filtered, redis.<olvcd in water, and 
excess of sodium hydroxide added, when the precipitated zinc 
hydroxide almost redissolved. The mixture wa.s extracted witli 
benzene and the base recovered. After recrystallisation from 
benzene it melted at 181° (Found :* C = 77*0; li — 7-2. 
requires C = 77*3 ; H ~ 7-1 per cent.). 

A mixture of the tw*o coinpound.s, m. p. 174° and 181°, re- 
spectively, was found to melt at 130—141°, This pcjints to the 
two compounds being diffcrciit. They both give fluorescent 
solutions in alcohol or other solvent, and dissolve in hydrocliloric 
acid with a deep red colour, which turns orange on dilution. So 
far, the compound melting at 174° not been identified. 

The author’s thanks are due to Professor Sir William Pope, 
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F.R.S., by whom the investigation was suggested, and to Dr. 
C. S. Gibson for their help and guidance. 

H.H. The Mahahaja’s Coleeqe, 

■ Trivandrum, India. [Received, December \2th, 1921.] 


CLXXVIII. — Brominated i^oCyanines, 

By Kishori Lal Moudgtll. 

The {socyanincs were discovered by Hoogewerff and van Dorp, and 
independently by Spalteholz, in 1883, but their use as sensitisers 
was first recognised by Miethe twenty years later [Chem. Ind., 

1903, 26, 54), Since then the firm of Meister, Lucius, & Briining 
have put them on the market under the trade names of pina- 
verdol * and pinacyanol,t for making panchromatic plates. Pina- 
verdol is synthesised by boiling an alcoholic solution of quinoline 
methiodide and quinaldine inethiodide with sodium ethoxide ; 
and pinacyanol by condensing quinaldine eth iodide (2 mols.) with 
formaldehyde with the aid of .sodium ethoxide. The constitution 
of these compounds has been discussed by Mills and Wishart (T., 
1920, 117, 579) and by Otto Fischer (J. pr. Chem,, 1918, [ii], 98, 
204). 

The present work was undertaken with a view to study the 
modifications in sensitiveness brought about by the introduction 
of an atom of bromine in the benzene ring of the quinaldine nucleus 
of pina verdol and pinacyanol. As is obvious, four isomerides, 
with bromine in the 5-, 6-, 7-, or 8-position, may be obtained. Of 
these the 6- and 8-bromoquinaldincs may be prepared by con- 
densing p-bromoaniline and o-bromoaniline, respectively, with 
acetaldehyde. When condensations are made with acetaldehyde 
and ?7i-bromo aniline, tw’o bromoquinaldines may evidently be 
obtained, the bromine atom in the met a -posit ion with respect to 
the amino-group in the primary base occupying the 5- or the 
7 -position in the bromoquinaldinc. 

G-Bromoquinaldinc has been, prepared by Bat row and Mac- 
Cullum, hut they omit to give their yields (J. Chan, Soc., 

1904, 26, 704). Since preparation by their method gave poor 
yields, it was modified, and relatively larger yields were obtainixl. 
Of the two isomerides to winch rrt-bromoanifine may give rise on 
condensation with acetaldeliyde, only one has been isolated. The 
position ’of the bromine atom has been left undetermined for the 
present. 

* 1 : I'-Dimethylfsocyanine iodide. 

t 1 : I 'Diethylazurine iodide. 
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It is believed that, on account of steric hindrance, 8-bromo- 
quinaldine would not give its alkyliodide readily; moreover, 
S'substituted quinaldiiies give a very small yield of the sensitiser 
(D.R.-P. 167150, 167770; Hamer, T., 1921, 119, 1432). There- 
fore no attempt has been made to prepare the dyes from this 
compound. 

The relative sensitising effect of the different dyes was ascertained 
by photographing at the ordinary temperature the spectrum of a 
point of light on a “ rapid plate which had been immersed in a 
solution of one part of the sensitiser in 75,000 parts of 35 per cent, 
alcohol. 

Experimental. 

\V4iTmthylhocyanine Iodide.~~To a mixture of 11*7 
grams of 6-brorao{iuinaldine methiodide and 17*4 grams of quinoline 
methiodide dissolved in 300 c.c. of boiling absolute alcohol a hot 
solution of 0-83 gram of sodium in absolute alcohol was added. 
The mixture having been boiled for fifteen minutes, 1 c.c. of glacial 
acetic acid was added to the product, and on the next day the solid 
which had been deposited was collected and extracted with methyl 
alcohol, 100 c.c. at a time, until the residue showed a metallic lustre. 
This was rccrystallised twice from methyl alcohol. Only 0*1 gram 
of green crystals was obtained. 

This method of preparation was tried five times, with slight 
modifications, but only mere traces of the compound could bo 
obtained. An analysis could not be attempted, but the spectro- 
graph indicated that the compound pos.sesscd sensitising propertic.s. 

Another method was tried. Equal weights of the two raeth- 
iodides were heated together in ten times their weight of pyridine 
for eight hours, when a crimson solution was obtained, which, on 
cooling, deposited golden-brown needles, very sparingly soluble in 
common organic solvents. The compound may be an “ fljxjcyanino.” 

6 : : V-diethylazurine Iodide.~to 9*5 grams of 

quinoline ethiodide and 12*6 grams of 6-hromoquinaUUne ctb iodide 
dissolved in 300 c.c. of boiling rectified spirit, 7 c.c. of formaldehyde 
solution containing 38 grams per 100 c.c. were rajiidly ad(lcfl, 
followed by a hot solution of 0*92 gram of sodium in 50 c.c. of 
rectified spirit. The mixture was boiled for fifteen minutes, and 
the solid that separated was filtered from the red inothcr-licjiior 
after twelve hours, and extracted with rectified spirit, 100 c.c. at 
a time, until the extract was coloured blue. An attcihpt was 
made to crystallise the solid from metiiyl alcfdiol, but it was too 
sparingly soluble, and in order to* obtain the jiure product 
the solid was extracted with methyl alcohol in a Soxlilct apparatus 
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during six weeks, when 1*1 grams of green crystals were ob- 
tained (Found : in material dried at 140°, Agl + AgBr — 9o'8. 
CjjgHasNgBrgI requires Agl + AgBr 05'5 per cent.). 

5 : 5'(or 7 : T)-Dibromo-\ : V-diethylazurine Iodide , — The pina- 
cyanol derived from the bromoquinaldine obtained from m-bromo- 
aniline was prepared in the same way as 6 : 6'-dibromo-l : T-diethyl- 
azurinc iodide. The green compound that separated from the 
reaction mixture was recrystallised from methyl alcohol without 
its having to be extracted from any red impurity. It was found 
to be more soluble than its isomeride (Found : Agl -f AgBr = 95’ 6. 
CasHagNgBrgl requires Agl -f AgBr = 95‘5 per cent.). 

Conclusions. 

(а) Comparison by the photographic method of pinacyanol 
and its 6:6'- and 5 : 5'(or 7 : 7')-dibrorao-derivatives show’s that 
the introduction of the halogen has considerably depressed the 
sensitiveness. 

(б) There has been a shift of sensitiveness tow'ards the red end 
of the spectrum (compare Hamer, loc. cit.). 

The investigation was suggested by Dr. W. H. Mills, whom 1 
wish to thank for constant help and guidance. My thanks are also 
due to Sir William Pope for permission to publish the results. 

H.H. Thf. Maharaja's College, 

Trivandrum, India. [ Ihct ^ ivcd , March 29 lh , 1922.] 


CLXXIX .— Viscosity of Cellulose in Cupranunoniian 
Hydroxide Solution. Part L The Determination 
of the Viscosity. 

By Reginald Arthur Joyner 

In all technical work comiected with cellulose an a determin- 

ation of its viscosity in cuprampionium hydroxide (Schweitzer's 
reagent) is of importance, for it is largely tlie vi.^cosity of the cellulose 
which determines the viscosity figure of solutions of the nitro- 
cellulose or acetylcellulose made tlierefrom. If, for example, a 
nitrocellulose is required which will dissolv’o in acetone to give a high 
viscosity, a cellulose must be taken which w ill give a higli viscosity 
n Schweitzer's reagent. 

The determination of the viscosity of cellulose presents several 
iiftieulties, the chief one boirtg due to the rajiid action of oxygen 
m the solution, resulting in a lowering of the viscosity. These 
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difficulties were recognised by Gibson, Spencer, and McCall (T., 1920, 
117, 484) and a method was developed of dissolving the cellulose 
in the reagent so that the effect of the oxygen could only be a« small 
one, whilst their method of using the falling- sphere viscometer 
greatly simplified the actual determination of the viscosity. As, 
however, widely varying results were sometimes obtained with one 
and the same cotton by the above method, the whole question of 
the viscosity of the cellulose in cuprammonium hydroxide was 
re-investigated. A modification in making up the cellulose solutions 
was developed, a different method for the preparation of the 
Schweitzer reagent being used, and the effect on the viscosity of 
varying the concentration of the cellulose, the copper, and the 
ammonia was investigated. The cellulose used in this work was 
cotton sliver which had been kiered with 3 per cent, sodium hydroxide 
for a length of time depending on the viscosity required. The 
viscosity throughout is given in seconds for a fall of a 1/16" diameter 
steel ball through 15 cm. of a solution in a tube of 1-0 cm. diameter 
at a temperature of 20°. To obtain the absolute viscosity, the 
time in seconds is multiplied by 0-52. 


Method for the Preparation of the Cujyrammonium Solutions. 

The method adopted for the preparation of the cuprammonium 
solutions was not that used in the above-mentioned paper, but the 
solutions were simply made by bubbling air through a mixture of 
copper turnings and strong ammonia. This procedure requires no 
attention, and concentrated solutions containing more than 30 
grams of copper per litre can be obtained. Tl^e copper must be 
clean, and it was found that the addition of a small amount of 
sucrose, about 1 gram per litre, hastened the dissolution of the 
copper. 

The effect of the addition of substances such as sucrose on 


cuprammonium hydroxide has been investigated by W. Trauhe 
{Ber., 1921, 5^ [B], 3220). He found that a solution of ammonia 
saturated ^vith copper hydroxide took up more copper hydroxide 
on the addition of glycerol, sucrose, etc. The concentration of 


sucrose used here was only about 1 /50th that used by Traube, and 
extra dissolved owing to combination with sugar would 

not be aval a e ii.^ (Jigsolving cellulose. It seemed probable tliat 
with sucrose ^ e remained cleaner than without it, and 

therefore pcrmi reaction to go forward. It was found that 

after standmg or oi^ weeks, a solution containing 25-6 grams of 
copper with a i ® unaltered, whilst the copper content 

of the one ou |g]| 20 grams per litre. A solution 

containing 3 grams 0 g^ppgj, pg^, remained unaltered for three 
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weeks, and owing to its high copper content dissolved as much as 
90 grams of cellulose per litre. The estimation of the copper in 
these solutions is simply carried out by evaporating a definite 
volume to drjmess and weighing the copper oxide left. The ammonia 
is estimated in the usual way, and then the solution can be made up 
to the desired concentration of copper and ammonia. 

The cuprammonium solution made by the above method contains 
a certain amount of nitrite. The best way of estimating this nitrite 
was to add the solution slowly to a definite volume of standard per- 
manganate, strongly acidified, until the colour of the permanganate 
disappeared. By the above method it was found that the amount 
of nitrite in a freshly prepared solution was about 1 gram per litre 
calculated as nitrous acid. Solutions of cuprammonium hydroxide 
combine slowly with oxygen on standing, whilst when shaken with 
oxygen the reaction is much faster. With a solution containing 
13 grams of copper per litre the amount of nitrite ultimately found 
was 44 grams calculated as nitrous acid, whilst the concentration 
of nitrite rose to 10 grams per litre with a solution containing a 
high concentration of copper. 

It was found that cuprammonium solutions made by the above 
method gave practically the same viscosities with cottons of widely 
varying viscosities as the solutions made by dissolving well -washed 
copper hydroxide in ammonia. 

Method of Dissolving the Cellulose and Filling the Viscosity 
Tubes. 

Viscosity measurements of low or medium viscosity cottons, by 
the method developed by Gibson, Spencer, and McCall, give 
satisfactory results, but solutions of high viscosity cottons gave 
trouble, especially in the filling of the viscosity tubes. At the 
same time their method has obvious disadvantages, for air has to 
be admitted to the solution before the viscosity is determined, and 
on inverting the bottle the air passes through the solution. This 
has two disadvantages. Some of the air obviously must react 
^vitIl the cotton, and when the solution is very viscous it is not easy 
to get the solution into the tubes free from bubbles. These bubbles 
gradually move up the viscosity tube, and on many occasions it 
was evident that part of the solution through which the bubble had 
travelled was less viscous than the other part. The method of 
ttiaking up the solutions and the filling of the tubes were therefore 
modified in the following manner. Instead of using an ordinary 
bottle for making up the solution, a glass tube (B, Fig. 1), 10 cm. 
fong and 5 cm. wide, drawn out at each end to a narrow tube 
p*7 cm. wide and 3 cm. long, is used. The correct weight of cotton 
I VOL, OXXI. 3 o 
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is pushed down one of the ends into the bottle, pieces of rubber 
tuLg about 6 cm. long, with screw clips are shpp^ ovo^he end 
tubes, and the bottle is attached by one of the rubW tub^ to the 
fillin g apparatus. This consists of a two-way tap, E, which allows 


Fig. 1. 



the bottle B to Ix) connected either with the vacuum or witli a 
supply of compressed air or any other gas. Betw^een this tap and tlie 
screw clip F there is a side tube connecting with A, the reservoir for 
the cuprammonium solution, which is closed by a single^way tap, H- 
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In making uj) a solution, the vessel B which contains the cotton 
is connected with the filling apparatus, the screw clip being shut. 
B is'evacuated and E is turned off, so that by opening JI the solution 
in A is allowed to enter B. il is closed and E opened and shut 
three times to get all the air out of the cotton. The screw clip F 
is shut and the vessel B is disconnected and well shaken until 
solution is complete. It is then kept under water in an upright 
position. In filling the viscosity tube i>, B is connected as before 
with E and also with by means of the glass tube C and rubber 
tubing. The tap E is opened and air or any other gas is allowed to 
flow in and then, on opening G and S and applying a slight pressure, 
the tube is easily filled. Several tubes may be filled from the same 
bottle, if necessary. With this arrangement the time taken for 
making up a solution is very little more than with the old methcMl, 
but the filling of the viscosity tubes is quicker, easier, and is free 
from any objection. The viscosity tubes, being open at both ends^ 
arc easier to clean and dry than those closed at the lower end. 

Cotton sliver which had been boiled with normal sodium hydroxide 
for four hours was dissolved in a cuprammonium solution containing 
ib8 grams of copper and 192 grams of ammonia jxir litre, according 
to the Gibson, Spencer, and McCall method and to the above 
method. At the same time samples of the sliver wore placed under 
water in an evacuated vessel in order to free them thoroughly 
from air, then as mucli as possible of the water was squeezed out, 
thus leaving about the same weight of water as of cotton. These 
air-free celluloses were dissolved according to the new method. 
The dilution caused by the water in the cellulose would be there- 
fore about 2 ptT cent, and hence by taking a correspondingly les.s 
amount of iSchweitzer reagent the chajige in vi.<co.sity causetl by 
diluting by this amount may be neglected. T}]e solutions were 
made up in triplicate, and two tubes were filled from each bottle. 
The results were as follow : — 

Table I. 

Comparison of fhc riserkiity in of a coHon a.s drier mined Inj 

the three meihorU, btj (he fail of a 1.1 tJ in. Aerl hoi! through \ocm. 


'wo grams of 

cellulc.-^e in 

1(X) c.e. 

of solvent. 

S, and 


Neu’ 

riu'thfwl with 

nwthod. 

New method. 


eotlon. 


4230 


4020 

3U0 

40.'>0 


3000 


403.^ 



3W>I) 

397r>* 


307.1 

3<)00 

4or>o 


mr, 

— 

— 


3071 
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It is observed that there is an increase of about 12 per cent, on 
the viscosity of the solution made up by tlie new method, and that 
freeing the air from the cellulose beforehand makes no difference. 

It be seen that in the duplicate determinations the viscosity 
of the solution in the second tube is 1 to 2 per cent, less than that 
of the solution in the first tube. In blowing out the solution no 
great care was taken, and mixing of the air and the solution may 
have taken place. As in the above determinations air was employed 
to drive the solutions into the viscosity tubes, an experiment was 
carried out to see Avhether the presence of air affected the results. 
One hundred and fifty c.c. of solution were made up and successive 
tubes were carefully filled at intervals of two minutes until the 
bottle was empty, and the time of fall was taken for each 5 cm. of 
the tubes. Th^ viscosity of the solutions in each tube is generally 
given by the time of the fall for the last three 5 cm. distances. 


Table IL 



Effect of air-bloicing 

on the riscosily. 



TiiQf^ of 

Viscosity 

in see. , 

for oacli 0 cm. 

of tube. 

Visoo.sit\ 

Tube No. 

expotsvirc 

L 


_ 



ior last 

in min. 

1st. 

2iilI. 

3r(l. 

4tli, 

lo cni. 

1 

0 

\m 

121.) 

12i:) 

1234 

.3004 

2 

2 

1:21.5 

12;)0 

121.5 

121.5 

3000 

3 

4 

11 So 

1200 

1200 

1230 

3750 

4 

U 

1200 

i2;n> 

1200 

121.5 

304.5 

5 

8 

1080 

olO 

10.5 

iK) 

705 


This shows that the air effect is confmed to the top layer of the 
solution in the bottle and that therefoi'e it is permissible to expel 
the solution by means of air. 

When cellulose solutions were made up as above, they did not 
alter in viscosity by more than 2 per cent, after being kept for 
eight days under water and in the dark. 

It was found eventually that the cause of groat variations in 
the value of the viscosity of a particular batch of cotton was due 
to the difficulty in taking a repRsentative sample. It was found 
necessary to pick over and open out every piece of cotton in a 
sample and then to mix them thoronglily. 


Effect of Dissolved Substances on the Viscositij of Celhhse in 
CupraiTiMotuum Hydroxide Solution. 


The effect of dissolving sucrose, sodium chloride 
sulphate m the cuprammonium hydioxide solution 
the cellulose was investigated, and tl» results 
Table III, 


*, and sodium 
before adding 
are given in 
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Table III. 

The- of the addition of sucrose, sodium chloride, and sodium 
sulphate on the viscosity of a cellulose. Concentration of cellulose 
2 grams per 100 c.c. of soivenl. 


Grams of material added 

per litre. 0 

5 10 

17 20 

40 r>o 

Viscosity when addition was ; 
Sucrose 240 

23;) 30.) 

— 488 

— re!l. 

22') 

240 

24;) 

Sodium chloride ,, 

2;)2 

3,G0 on. 

iiisol. 

Sodium sulphate ,, 

248 

240 

3(i(i irisol, 
-- 22B 

485 -■- 


insol. 

It; will be seen that the addition of small amounts of the above 
substances has little or no effect on the viscosity, whilst the addition 
of larger amounts raises the viscosity and then renders the cellulose 
insoluble in the solvent. The effect of the addition of much sucrose 
is similar to that found by Traube {loc. cif.). He attributed the 
action to the sucrose combining with the copper and rendering it 
unavailable for the solution of the cellulose. The gradual increase 
in viscosity ;vi(h smaller concentrations of sucrose confirms this. 

The effect brought about by the addition of the salts cannot be 
due to this cause. It may be due to a salting-out action, similar 
to the effect of salts on soap solution. 

The Effect of the Conccfiiralion of Copper on (hr T/Vo'-o'y of 
Cellulose in ■Cuprammonium Hydroxide Solution, 

In carrying out these experiments a well mixed cellulose was 
used, allowance ahvays being made for the moisture content. The 
amount of ammonia in the reagent was always 210 gra?ns per litre. 
The effect on the visco.sity of the cellulose concentration wa.s 
determined, and also the effect of diluting a cellulose cupramnionium 
hydroxide solution both with ammonia containing 210 grams ^x'r 
litre and with water, The results are given in Tallies I\', \7. 

and VU, whilst the relationship between the copper content of 
cuprammonium ^hydroxide solutions and their absolute viscosity 
aii found by the Ostwald viscometer is shown in Table VHL 
The results of Taldc I\' arc shown graphically on Fig, 2, The 
curves aa\ hb\ cc\ ce', and //' .sliow the relation between the con- 
centration of copper, in grams per litre, and the logarithm of the 
dseodly oj solutions which contained quantities of cellulose varying 
horn 0*5 gram to 3*0 grams per 1 (XI c.c. of solvent. These curves are 
dlof a hyperbolic nature, wlyc'h shows that there is a limit to the 
effect produced by the t'oncentration of the copper which lies in the 
^Pighbourhood of 30 grams per litre, 
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Table IV, 


of varying the concentration of copper on the viscosity of cellulose 
in 100 c.c. 0 / ciijyrammoniwn hydroxide solution. 

Ammonia 210 grants per litre. 


Copper 


Grams of cellulose per 100 c.e. 

of solvent. 


coMeentr^t ion. 






Grams per litre. 

O'O 

1>0 

1-5 2-0 

2-5 

3-(> 




Viscosity (see.). 



29>4 


0‘0 

102 

330 

900 

25 

0-f) 


2!)-4 



24 



113,110 



22-8 




373 


20-0 





1310 

18 



159,154 

530 


]6 



180,182 


2160 

15 



198,190 



U 




U80 

3300 

i;i 


ij'O 

240,238 



12 




*1500 


lZ-8 






IF5 



310,310 



105 



390,408 



10 



59-4 50-5,517 



9 

10 





8'5 



90 



8'0 


no 

TO'Tj 



7-0 


*11-4 




6-0 

M 

* 8' 9 






* Solution incomplete. 




Fio. 2 . 

Showing nhiwi between emcentmilons of coppi r {ijranhi per litre) nntl celUdmr 
{groiM per 100 c.c. soheni) and the log viseosdies (d)Uiined. 
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Tabi^ V, ^ 

Effect of dilution by amTmmia on the viscosity of cdiulose cupram- 
monium hydroxide solutions, the ammonin content being consM 
at 210 gram per litre. 


Copper concentration. 

After 

At start. dilution. 


30 -- 

29'4 — 

— 25-0 

— 22-0 

200 20-0 

— 10-7 
13-0 

140 — 

-- 13-3 

— 11-7 

— 100 

— 9-.3 

— 7-0 

— 0-7 

— 5-0 

— 4.7 

— 3-3 

~ 2-3 



Table VI. 

Effect of concentration of copper on the viscosity of a solution of cellulose 
of less viscosity thou tkai used in previous fables. Conccniralion 
of cellulose 4 grams per 100 c.f. of solvent. 

Ammonia 210 grams per litre. 

Copper eofu-entratioji. Visetwitv in sec. 

29-4 70 

22-K 

ISO I.Vo 

10-0 380* 

♦ Solution iiieoinplete. 


Tabl^ VII, 

hffect of the conceniraiion of coj>f}cr on the absolule viscosity of atnynonia 
solution containing 220 grams of ammonia per 'litre. 
t'onc-entration of 


copper, 

Gram.^ per litre. Density. 
•19*1 O-mM 

S'O 0-0203 

9 0-012 


Viscosity In Log. 

units, viscosity. 

0-0105 - 1-7825 

0-0144 -I S42tl 

0-0 1 3a -l-SOtM 


With low copper conw'utration the tendency is for the solutions 
to liavo an intinitc viscosity, but this is not realised since the cotton 
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will not dissolve completely in these weak solutions, and the 
logarithms of the viscosities of the heterogeneous mixtures obtained 
in these cases obviously do not lie on the respective curves. 

On diluting a concentrated ccUulose cuprammonium hydroxide 
solution with ammonia solution such that the concentration of 
cellulose coincided successively with those for the curves oa', 
hb' . . , it was found that the logarithms of the viscosities, on 
being determined, lay on these curves. This showed that equili> 
brium was established at these points, the same result being obtained 
whether the solution was prepared by directly dissolving cellulose 
or by diluting a concentrate4 solution with ammonia. On con- 
necting the points obtained in this way, the curves Aa\ Am, Aa, 
and Ac (Fig. 2) were obtained. It was found that it was thus 
possible to obtain cellulose solutions which could not be made 
directly with very low concentrations of copper, owing to the 
inability to dissolve the cotton. The latter, however, was not 
precipitated by dilution of the solution with ammonia. The curves 
were observed to meet at a point A, which represents the logarithm 
of the viscosity of a solution of ammonia as determined by the 
falling-sphere method, and this point is not very different from that 
obtained with cuprammonium hydroxide. The lowest of the 
transverse lines, Aa\ represents the viscosities of a saturated 
solution of cotton in the cuprammonium hydroxide solutions 
containing copper concentrations represented by the curve, and an 
ammonia concentration of 210 grams per litre. 

It will be seen that the minimum copper concentrations for com- 
plete solution of a cellulose are almost ])roportional to the amount 
of cellulose present, and that about 2-3 grams of cellulose requires 
about 1 gram of copper. This means that 102 grams of cellulose, 
that is, one group, requires 70 grams of copper, or alioiit 

1 gram-atom. On increasing the ratio of copper to cellulose in 
solution to three times this value, the least viscous solution is 
formed. 


The effect of a low viscosity cellulose is shown by curve PQ 
(Fig. 2). The concentration of cSllulose ii 40 grams per litre but 
for high concentrations of copper the curve almost coincides uilh 
that of a 10 grams per Ktre solution of high viscosity cenulo.se On 
reduemg the copper concentration with this low viscosity cellulose, 

cellulose takes place at a copper concentration of 16 gr/rms per 
e rvej as extrapolated fronr the 

atron, and therefore rt suggest., that the solubility of I cotton in a 
cuprammonium hydroxide solution is dejicndcnt only on the copper 
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concentration, provided that tlicre is enough ammonia 2 )rcsent, 
and is independent of the viscosity of the cellulose. 


Effect of the Concentration of Ammonia on the Viscosity of Cellulose 
in Cuframmonium Hydroxide Solution. 

The effect of altering the ammonia content from 60 grams to 
250 grams per litre was studied with different concentrations of 
cotton, using a copper concentration of 13'5 grams per litre. The 
results are given in Tables VIII, IX, and X, 

Table VIII. 

Showing the effect of varying the concentration of the ammonia on the 
viscosities of cellulose cupramt/wnium hydroxide solutions con- 
taining 12'5 grams of copper per litre. 


(Jrnms of 
cclluloso 
per 100 e.c. 

( irains of 
ammonia 
per litre. 

\’iscosi(y. 

Log. visf'o.sity. 


2.U 

720 

2-80 


210 

1020 

3-01 


1 81 

1700 

;m8 

20 

U4 

2i»:o 

3-32 


um; 

3240 

3-71 


.78 

4080 

3'70 


2.74 

10-. 7 

L22 

10 

IS4 

3.7 

1 .74 


too 

70 

l-Do 


.78 

138 

2 14 


2.72 

2-3 

0-3t;2 

0() 

21,7 

3 2 

(1 50.7 


144 

4-8 

n-OsI 


02 

4-3 

Olllu 


Table IX .'^how.s the inlluence of an jnen^ase in the copjwr con- 
emt ration of the solution. 


Table IX. 

V4j<-d of iiWjing the conce, drat ion of anunonia on the viscosities of 
cellulose enprammonium hydnj.cidv solutions containing 24 grarns 
of copper per litre, 

drams ctf - dnims nt ri-lltilu.v’ |ht 

ptT litre. {.o;:, vi-ro^ity. 

2r> .‘iTll 2' Til 

177 ii:t7 2-U7 

* 

Tlif' results of experiment s on a cotton having a lower viscosity 
hantliat used alatve are given in Tal>lc X, 
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Table X. 

0 / using 2-0 grams of a cellulose of lower viscosity thm thui 
employed in Tables VJll and IX. Copper concentrcUion 13<5 
grams per litre. 


Grams of 



ammonia 

Viseo«ity. 

Log. 

per litre. 

See. 

viscosity. 

212 

153-2 

2-18 

180 

220 

2-34 

1:0 

238 

2-38 

1.35 

.392 

2-59 


531 

2-77 

OO-o 

• 870 

294 


The curves obtained from Tables VI II, IX, and X, by plotting 
ammonia concentration against the logarithm of the viscosity, are 
shown in Fig. 3, and it will be seen that they form a series of straight 

Fig. 3. 

Showing the effect oj varying the concentration oj aynmonia on the i^iscositie^ of 
cellulose cuprammonium 8olu{io7\8 conlaining 13' i5 grams and 24-0 grams of 
copper per litre, ■' 
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lines which are all practically parallel, with the exception of curve 
No. 3, which represents the effect for a very dilute cellulose, namely, 
O'O gram per 100 c.c. From the other curves it is seen that the 
decrease in the logarithm of the viscosity is directly proportional 
to the increase of ammonia concentration, and is independent of 
the viscosity either of the cotton, the amount taken, or the amount 
of copper in solution. The mean of the results shows that an increase 
in ammonia concentration of 10 grams per litre decreases the 
logarithm of the viscosity of the cotton by 0’047, Therefore from 
the values obtained with solutions containing 1 gram or more of 
cellulose in 100 c.c. of cuprammonlum hydroxide solution of a 
definite ammonia content, the 'dscosily for any other ammonia 
concentration may be calculated. 

Ejfeci of Cellulose Conceviration on the Viscosity of Cellulose 
Cwprammonium Hydroxide Solutions. 

The effect on the viscosity produced by varying the concentration 
of the cellulose in solution w'as detorniincd and it W’as found that 
when the logarithm of tJie viscosity was plotted against the con- 
cent ration the curve obtained was nearly straight. Accordingly 
the relationship is best expressed by the Arrhenius formula, ^vhich 
dates that 

[ 3 gT^ ~ $C, where rj is the ratio viscosity solution /viscosity solvent, 
! is the concentration, expressed most accurately as grams of solute 
KT 100 grams of solvent, and ^ is a constant depending on the nature 
if the cellulose used and is equal to 

[log (viscosity of solution) — log (viscosity of solvent Ij/C. 

Tlie viscosity of the solvent cannot be found by the falling- 
iphere method directly, owing to the rate of fall being so great, 
mt by plotting the logarithm of the viscosity of various cellulose 
solutions against the concentration a series of lines is obtained 
diieh meet at a point on the concentration axis giving a value of 
about — 0-8, similar to the point A on Fig. 2. This gives for the 
viscosity of the solvent a value of‘ about 0*160 sec. or 0*08 C.G.S. 
unit. The value found, using the Ostwald viscometer, is 0*015 
(-■O.S, unit. It would be probably incorrect to use the Arrhenius 
formula for extrapolating the value for the viscosity of tlie solvent, 
hut in this case the number obtained gives a constant for B over 
/‘onsiderabLe differences in concentration and great differences in 
iscosity. The value — 0*8 is accordingly used in determining the 
•^lue of It is seen that several factors affect the viscosity, for 
•Sample, the concentration of tlie cop[)er; as mon^ cellulose is 
iiissolvecl, more copper is removed from a state of true solution, 

3 0 2 * 
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and, as shown in Fig. 2, a diminution in the unoombined eop])er 
results in increased viscosity of the solution and therefore in an 
increase iii 6, Another factor which may affect the viscosity is 
hydration of the sol, whicli may be altered by the concentration of 
the cellulose. 

Table XIL 

The relalionahip behveen the log. vUcosiig of cellulose solution and its 
concentration. 

Conceniralioii of copper in 1 and 2 ~ 12 grams per litre. 

„ „ „ . 3 „ i ^ 18 „ „ „ 

„ „ „ 5-29 „ „ „ 

(7 — n t. of celhdo.se per 100 c.c. of solvent. — viscosity in 
seconds. 

Solution 1. Solution 2. 


e. 

77* 

Log 7/. 

9. 

C. 

v- 

Logjj. 

tf. 

i-O 

2 

0'30 

1-08 

O' 50 

2'0 

O' 30 

2 'ir> 


S 

0-<)0 

M2 

1-00 

34-5 

1-54 

2-32 

2-0 

2fi 

1 41 

1-09 

I'OO 

,324 

2 '.72 

1'94 

2-.-) 

103 

201 

M2 

2'(H) 

1.7 SO 

3 '20 

1'99 

30 

540 

2-73 

M7 

2 40 

0000 

3'T8 

l'!)0 


Solution 3, 



Solut 

ion 4. 


c. 

n. 

Logij. 

9. 

r. 

n- 

Log T|. 

9. 

10 

1'7 

O' 23 

I'Ol 

2'U(i 

1-2 

O' OS 

0-43 

iff 

5-5 

0'74 

I'Oi 

2 (111 

.7 4 

0-73 

O' ,70 

1'75 

11-0 

104 

1'03 

.Viut 

54 

1-73 

0-5l) 

2‘0 

UiS 

1-22 

l-Oo 

li'DO 

285 

2-45 

0-5.7 

2’2o 

30 

1'4S 

I'OO 

7 -00 

Iiiioi. 


2-.T 

40' 5 

1'07 

0'9S 





2-75 

99 

2 '00 

l-OO 


Sol lit ion ,7. 


30 

192 

2-28 

1'02 





3-25 

3-5 

292 

402 

2' 49 
2'CO 

1-00 

0'97 

('. 

O' .70 

V- 

0-90 

Logij. 

1 -95 

9. 

1-40 





I'OO 

5' 5 

O' 74 

1,72 





1-50 

29 

140 

1-50 





2 '0(1 

103 

2 01 

1-40 





2-50 

.330 

2-52 

1-32 





2 '00 

iiOO 

2 95 

124 


As reprds (he hest copper concentratidns for Solmeitzer's 
reagent, It can be seen tliat any error in analysis causes the siiiallosl 
change m viscosity when the concentration is high. It has been 
noticed however, that with high copper concentrations, cspoeiallr 
when the ammonia content is low, cellulose is gdatinised and tk; 
dssolvcs only slowly. The best concentration for general use is 
3 ^ams of copper per litre with 20 grams of cellulose per litre, 
the ammonia concentration being 2W grams jicr litre. However, 
su h a low concentration of oelluloss docs not dilTcrcntiato between 

cellulose .should be made in a Sehweitr.cr rdgent containing 2t 
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grams of copper per litre, the ammonia concentration being the 
same as above. Using the Arrhenius formula, the viscosity for a 
2 per cent, solution may then be calculated. 

Occasionally even a 4 per cent, cellulose solution was not con- 
centrated enough to bring out differences between very low viscosity 
celluloses, and a 9 per cent, solution of cellulose was made in a 
cuprammonium hydroxide solution containing 36 grams per litre. 
Thus, after a certain treatment, a cellulose gave a viscosity in 
seconds for a 4 per cent, solution of 4*7, ^vhilst in a 9 per cent, solution 
the viscosity w^as 120. After further treatment the tw^o viscosities 
were 2-5 and 30 respectively. 

The above research work was carried out in 1920, and the author 
wishes to thank Messrs. Nobel Industries, Ltd., and Mr. Wni. 
Rintoul, O.E.E., F.I.C., for pemiission to publish this work. The 
author also wishes to thank Mr. J. J. Tidd, who carried out many 
of the experiments. 

ARtJEDEl FACTORV, 

Stf.vknston. May 

CLXXX .” — The Sorption of Carbonyl Chloride by Beech- 
^vood (liarcoah 

By Hccifi Mills BuNBrRY. 

The following i.s a Iwief (Ic.^eiipl ion of some cxperinu'iil.s wliieli 
were undertaken witli a view to ascertain to what extent carbonyl 
chloride i.s taken up and retained h\’ charcoal, and tlie effect of 
time, temperature, and pre.ssurc on the sorption. No similar 
data are recorded in the literature of carbonyl chloride (compare 
the references compiled by Berol/.heimer, ./. hut. Kn<j. Ckf m., 1919, 
11, 203), The result.s sho\e that the sorption is affected hy pressure 
time in the usual way. 

The apparatus employed was similar to that u.sed hy Travers 
Proc. Uoy. Soc., 1994, 74, 126; [.IJ. 78, 9), and is shown in 

'ig. 1. 

The manometer, df, and the .sorption bull) were exhausted l)y 
Heans of a Tdpler pump, the mercury in ladh limbs being brought 
0 the same ]ev(d. The final level of the men ury was brouglit 
to a po.sition indicated at /., by a<ljtistiug (be mercury reservoir, 
Ihe carl)onYl ehloride bull) was tln'ii weighed, and a(taehe<l by 
wtans of stout pres.sure*tulijng, wbieli was st'curely wired on, t<) 
capillary, f'\ wbieli wa.s eouneclcd with tlie capillary inlet 
Itihe, 1). The rubber joints to the latter were submerged in a 
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mercury trough, R, to guard against leaks. The whole of the 
tubing from the tap on the carbonyl ciiloridc bulb to the point P 
was filled with mercury, to exclude the possibility of the entry of 
air. The three-way tap, T, and the trap, S, were also fitted with 
mercury cup seals. All rubber-glass connexions were treated 
with glycerol before the joints were made. A thread of mercury was 
contained in both holes of the three-way tap and in the limb, V, 
of the side capillary leading to the pump. On opening the three- 
Fiu. I. 



way tap to both limbs, no movement of the mercury took place 

movement 

occurred, the whole apparatus was re-eshausted and the joints 
made agam. The lap on the carbonyl chloride bulb waa then opened 

inihe '« ^"ter the apparatus. The. mercury 

n the manometer M instantly ro,,e, hut soon fell rapidly owing 

uil w7„rkr yi 'h'-M 

bum was quickly, removed and re-wcifdu.rl 

“ •'» •' “.is 
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X, which was an inserted glass point just touching the surface of 
the mercury, and the height in the manometer read off by means 
of a telescope with micrometer eye-piece. 

In the experiments on the rate of sorption, the mercury was 
kept at the glass point, X, by means of the reservoir, and the 
difference in height of the mercury in the manometer read off at 
definite intervals of time. 

At first the carbonyl chloride attacked the mercury of the 
apparatus, but this was found to be due to free chlorine, which was 
present to the extent of 0'88 per cent. ThLs free chlorine was 
removed by introducing mercury into the carbonyl chloride bulb 
before the experiment and allowing the gas and metal to remain 
in contact for some time at the temperature of a freezing mixture. 

The charcoal used in this investigation was beech -wood carbon 
similar to that employed in gas mask.s. 

The apparatus was repeatedly exhausted at the end of each 
experiment, with the sorption bulb in the vapour of boiling sulphur. 
It waa then flushed out with air several times and again exhausted 
at 444°. 

The carbonyl chloride was estimated by drawing the ga.s through 
standard potas.sium hydroxide (approximately 0'2xY) contained 
in a gas wash-bottle of spiral design. The contents of the bottle 
were then washed into a large beaker containing a few crystals 
of potassium iodide and some freshly prepared starch solution. 
The whole was acidified with a known volume of standard hydro- 
chloric acid (approximately 0'5A') and the free iodine titrated with 
standard thiosulphate. Methyl -orange was then added and the 
solution neutralised with standard pota.'^sium hydroxide (approxim- 
ately A"). In working at temperatures below 150^, no free chlorine, 
or only a minute trace, w'os found. 

Summary of Hemifs. 

The results arc given in detail in Table I and plotted in Fig. 2. 

Kig. 2. 
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They are apparently accurate to about 1 per cent, file points 
have been found to agree with the sorption formula xjm—kp . 

Equilibria at IS'" and 100° only have been investigated, since at 
temperatures above 150° the dissociation of carbonyl chloride 
into carbon monoxide and chlorine becomes appreciable. Thus 
at 150° it is 0-06 per cent., at 200° 0-4 per cent., at 300° 3’2 per 
cent., and at 400° 22 per cent. 

Table I. 

The sorption of carbonyl chloride hij 2T022 (jrams of beech- uood 
charcoal 

Final 

Grams of pressure _ 

Temp. COClj. in ram. Log .r. Log p. 

14° 1.301 520 0 1U20 2-71G00 0-5935 

18 1-385 730 0-UU5 2-8G332 0-6318 

0-085 217 -1-90344 2-33646 0-4493 

” 0-962 147 -1-98318 2-16732 0-4388 

” 0-715 56 -1-85431 1-74819 0-3262 

0-.428 2-7 -1-63144 0-43136 0-1952 

100 0-94<5 1596 - 1-97544 3-20303 0-4310 

0-693 825 -1-84073 2-9164,7 0-3161 

„ 0-420 292 -1-62325 2-4653S 0-1916 

At 18% 1> - 0-231; n - 4-33; J: - 0-23, 5. 

At 100% i;?i = 0-48S,; n - 2-05; k = 0-038. 

The velocity of sorption is extremely rapid, almost all the gas 
represented by any particular equilibrium being sorbed within a 
few minutes : that is, equilibrium will be practically attained after a 
few minutes. However, the effect of more prolonged exposure is 
shown by the experiments in Table IL 

Taolk JI. 

The vdocify of sorption of carbonyl chloride by charcoal at 14% 

Carbonyl chloride introduced, 0-7434 gram, 

Time in mirvUcs il s 10 12 18 

Pressure in mm. of Hg 160 117 loo {14 91 

Carbonyl chloride itili-odui;cd ,0-3170 gram. 

Time in minute.^ r 1 -j a 7 11 1 g 

Pressure in ram. of Hg 470 ilia 342 277 254 247 

In conclusion, I wish to thank Professor McBaiu for advice and 
assistance. 


DEP.4BTMEXT OF PHYSICAL Che5ITSTHV, 

Tue University, Bristol. 


'Ji('(:iivci.l,Junc KHh', 1922 .] 
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CLXXXI . — The Cojnpoaition of Paraffin Wax, Part IL 

By Francis Francis, Cyril Mercrr Watkins, and Rpniinald 
Wilfred Wallington. 

^0 attempt has yet been made to effect a sy.stematic fractionation 
of paraffin wax on the lines laid down by Sydney Young in his 
work on the low^er- boiling members of the petroleum hydrocarbons. 

It has been assumed, how^ever, since the work of Krafft in 1907 
—which wall be discussed later — that paraffin was a complex 
mixture of a very large number of homologous members of the 
paraffin series of normal hydrocarbons. 

During the investigation of the oxidation of this material, an 
account of which was published in this Journal (this vol., p. 512), 
it was found that a very partial fractionation ga^'c fractions which 
showed a very marked difference in their rate of oxidation. This 
was considered to be a clear indication that a certain degree of 
separation had been effected, and it led directly to tlie atteni]>t 
to effect a complete fractionation, an account of which forms the 
subject of this communication. 

The material used was a part of tliat employed in the previous 
investigation, of Scotch origin, melting between Xr and 
showing a molecular weight of 9C0, an iodine value of 2-9, and 
0-7628. 

The apparatus employed for the fractionation was evolved after 
several preliminary trials and is .sunici('ntly explained by reference 
to Fig. 1. 

Kk;. 1 . 





About 1-50 grains of wax was found to be n suitable quantity for 
a single distillation, and in all 950 grains of luatenal w ere treated, 
a source of licat a bunseii burner was found preferable to an 
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oil-bath ; the fractionation had to be carried out very slowly, and 
“ bumping ’’ was minimised by the use of platinum tetrahcdra. 
The vacuum required was obtained by the use of a Volmer mercury 
condensation pump, and no difficulty ^vas experienced in main- 
taining the pressure between 0-12 mm. and 0-05 mm. during the 
period of the fractionation. The actual pressure was measured 
by means of a McLeod gauge, and the temperature by an ordinary 
small-bulb thermometer, calibrated at the National Physical 
Laboratory. Distilling under pressures in the neighbourhood of 
0*1 mm., four fractions were collected at first, three between IVO'^ 
and 230'^ and the residue boijing above the latter temperature. 
These were then divided into fractions boiling over a range of 10® 
and ultimately into those boiling over 5°, The total “ boiling 
range ” spread out with dach fractionation, fractioiis being collected 
at temperatures as low as 125® and up to 280®. 

Separation into large and small fractions was apparent at an 
early stage of the process, but it wus not until tlie seventeenth 
fractionation that large amounts of material were obtained boiling 
over small ranges of temperature. This was markedly the case 
with the material boiling below 210®; above that ten^eraturc 
much greater difficulty was experienced in the operation. 

At the end of the twenty-first fractionation it had become clear 
(see Table I) that the limit of the separation possible with the 
apparatus we w^ere using had been reached. 

The results of some of the fractionations are given in Table I ; 
the earlier and middle have been omitted owing to lack of space. 

Table 11, column 3, gives details of the further fractionation of 
the smaller fractions boiling above 205®. This operation was 
carried out in a similar but smaller apparatus to that shown in 
Fig. 1. 

During the entire distillation about 12 per cent, of the material 
was lost; considering the nature of paraffin wax, the cxi>crimental 
difficulties, and 'the very large number of separate fractionations, 
this may bo regarded as a satisfactory result. 

It is considered that about haK of this loss could be traced to 
the residues left in the distiUation flask at the end of a complete 
fractionation; and the rest to the fact that such residues at higher 
temperatures Avere dark in colour and were discarded as decom- 
position was suspected. 


limdis of Fraciionaiion, 

fi'-® fractionations 

Table I) that the value ^W/^T changes hut little; small values 
tend to decrease and large ones to increase. It wa,s judged that 



Tabt-B I. 

Fractionation of Paraffin Wax. 1st to lOth, Press; = 0-3 — O-o mm, 17th to 21st, Press. — O-Oo — 012 mm. 
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a better separation could not be effected with tlic apparatus 
employed. 

2. * The data obtained from a redistillation of the large fractions 
from the twenty-first operation are given in Table II, and it will 
bo seen that considerable amounts of material were obtained in 
no case boiling over a range of more than 2°. 

3. Table II gives the amounts of the various fractions expressed 
as percentages of the original paraffin wax employed. 

We consider that, making allowance for the loss on distillation, 
about 80 per cent, of this parafTin is composed of sevm substances 
oj exinstant boiling point. Of the r-cmainder, 8 per cent, to 10 per 
cent, is composed of material boiling between 220® and 240° and 
probably containing not more than hvo such substances. The amount 
of wax boiling above 240'’ (press. 0-05 mm.) probably does not 
amount to more than 2 or 3 per cent. 

4. These constant- boiling substances may be either fairly pure 
liydrocarbons or mixtures of hydrocarbons. 

If the latter, they would, presumably, have melting points 
differing from those of their constituents. In Table JI fractions 
lettered to U show numbers for these constants which rise steadily 
with increase of boiling point : an indication that all the consti- 
tuents belong to a general class of liydrocarbons. But that .such 
constant- boiling substance.s may bo mixtures has been clearly 
shown by S. Young, who found, for instance, that at 50° cpclo- 
pentanc could not he separated from fip.-dimethylbutane, that at 
01—62° a mixture of the isomeric riohexanes distilled over, and at 
70—71° a mixture of n-hexane and methyicyc/opeiitane. The 
question as to the actual nature of these constant -boiling fractions 
can only be settled by chemical means. 

It is difficult to compare this work witli that of Krafft (Bcr., 
1907, 40, 4779), who investigated a Saxo-Thuringian wax obtained 
from lignite, fusing between 55' and 50°, and winch he distilled in 
the vacuum of the “cathode rays, ’ the exact pressure not being 
measured. After five fractionations he considered that he had 
isolated eighteen liydrocarlxins, and an investigation of tlie residue 
indicated the jirc'.senco of a further soventecui members, all of which 
were presumed to belong to the normal paraOin series. There can 
be little doubt, however, tfiat five fractionations of sucli a complex 
mixture were entirely insufficient a.s a means of indicating tlie 
presence of constant-boiling substance.s, 

AVorking with pressures certainly much higher than those used 
by Krafft, but with a stili-head probably inewo efficient, we obtained 
little or im evidence of any dedinito se]>aratioii until seventeen 
such operations liad been carried out. Wo belie vo tln^t Krafft 
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placed too much reliance on the small fractious he obtained, which 
in every case he regarded as corresponding with pure hydrocarbons. 
It will be seen from the fifth distillation, Table I, that it would 
have been possible to obtain a very large number of fractions of 
‘‘ constant boiling point/' although all would have been small in 
amount. 

It was only, however, when S. Young, between 1897 and 1905, 
investigated the fractionation of petroleum and devised the methods 
followed in this communication that it became possible to obtain 
some insight into the number of components present in such com- 
plicated mixtures. Krafft did not employ such criteria, and we 
have still to find out whether they are applicable to materials with 
high boiling points, distilled under very low pressures, and with a 
still-head very much less eOicient than any of those used by 
Young. 

In connexion with the extensive fractionations described in this 
communication, and the consequent period during which the vapour 
had been exposed to high temperatures, we must refer to the so- 
called " latent period in the oxidation of the wax mentioned in 
the previous paper {loc. cit., p. 499). It has been found that this 
period is decreased by heating the wax, and to an extent that 
depends on the temperature and the duration of the exposure. In 
a later paper we hope to he in a position to state what effect, if 
any, has been produced on this period by the fractionation. 

During the operations we have observed no sign of “ cracking/’ 
or of the evolution of any trace of gaseous material, but we have 
reason to suspect that a small amount of vapour derived from the 
original wax, and not greater than 0*5 per cent., passed through 
the pump. 

The iodine values given in Table II clearly indicate that no 
unsaturated material had been formed during the fractionation. 

Physical h'opartks of ih Constant-boiling Substances. 

1. In Table II the results are given of a separate distiUation of 
the fractions obtained and describetl in Table I ; the weight used, 
and that obtained over the given range of temperature, are sUted 
for the eight fractions A to //. Densities were measured at 100^ 
and in each case the error is not greater than 2 in 10,000. The 
molecular weights were determined by the ebullioscopic method, 
using benzene as solvent {K = 2G70] in all but one instance, in 
which carbon disulphide had to be employed. The error of these 
determinations is within 1 per cent, c 

2. There is no doubt that fraction 12, No. 0, Table II, which 
has a molecular weight corresponding with dotriacontene, 
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namely, 450, is an entirely different substance from the synthetic 
hydrocarbon. A redetermination of the molecular weight of 
fraction G gave 449 and 450-2, and a comparison of the refractive 
index of this fraction with that of synthetic dotriacontane showed 
a constant difference of 0-0014 over a range of 70—90°. In a 
later communication it will be shown that fraction G, on oxidation 
with air, gives a material containing 15 per cent, of oxygen, whereas 
the synthetic hydrocarbon was shown in the last paper to be un- 
affected by a similar treatment. 

3. It will bo seen that fraction 15, No. //, shows a value for the 
molecular w^eight which docs not fall regularly in the series. This 
magnitude was redetermined, and in benzene found to be 434-3, 
and in carbon disulphide, 434-5. The .synthetic hentriacontane, 
C 3 iHg 4 , obtained by Krafft, of molecular weight 434, showed a 
density at 98-4°/4“ of 0-7619 compared with fraction H at 100°/4° 
of 0-7678, and a melting point of 68-1° compared with 66-6° for 
No. H. 

Further, the solubilities and densities of the various fractions 
show a regularity, the lower the latter the greater the former, and 
to this the only exceptions arc fraction 15, No. //, and synthetic 
dotriacontane. 

In conclusion, it may be stated that we consider it not improbable 
that dehnite constituents have been i.so]ated from paraffin wax, 
and that so far no evidence has been obtained for the existence in 
this material of normal hydrocarbons of the paraffin series. 

The physical properties investigated, however, do not give 
.sufficient data for the solution of the problem. The ultimate 
nature of the constituents can only be determined by chemical 
means, and such an investigation, by air oxidation at 190°, is now 
in progress. 

Our thanks arc due to the University Colston Society for grants 
toward.s the expen.scs of this work, and to the* l)c])artment of 
Scientific and Industrial Research for assistance which enabled 
two of the authors (0. M. W. aiitl R. W. \\\) to take part in the 
investigation. 

Chemical DKpAtiTMUNT, 

UxivERsiTV oe Uristoi-. [liict ii'af, Jutu U/. 
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CLXXxX:iL— I’/ie Bole of Prokcim Colloids in 

Catalysis, Part II. 

By iHoms Iheuale. 

Last year the author {T., 1921, 119 , 109) carried out some experi- 
ments on the inhibition of catalytic action by protective colloids, 
the particular reaction investigated being the catalytic decomposition 
of hydrogen peroxide by colloidal platinum. Tlie most interesting 
colloid was gelatin, which exhibited a (tuite remarkable inhibitive 
action; but it seemed desirable to investigate the behaviour of 
gelatin solutions which had been prepared in two different ways, 
giving rise to particles of different size. 


E X r e K I M e T A L. 


The procedure adopted was very little different from that de- 
scribed in the previous paper. Ml the experiments \vere carried 
out at 25^, using well- cleaned, Jena-glass vessels and carefully 
purified water, Five c.c. of the reaction mixture were in each case 
titrated mth about N /80 -potassium permanganate, the rate of the 
unimolccular reaction being calculated directly from these titration 
figures. In the tables which follow, only the mean value, k, of the 
velocity “ constant for any particular reaction is given.* 

Two types of gelatin solution were prepared as follow.s, the 
material used being Coignet^s photographic gelatin : 

(a) A weighed amount of gelatin was allowed to swell for an hour 
ill about one hundred times its weight of cold water, and after 
w'arming at 60° to effect complete dispersion, the solution was 
diluted with cold water to give a concentration of 0*04 per cent. 
Lower concentrations used in the experiments were obtained by 
simple dilution from this concentration. This type of solution 
will be called gelatin A. 


(i) A 1 per ccfit, gelatin sol was prepared by allowing gelatin to 
swell for an hour in the requisite amount of water, and warming at 
about 60’ to effect complete dispefeon. The sol was then allowed 
to set to a gel f during the night, and on the next morning it was 
^ • It is to emphasise at tins stage tliat the average value of the 

ve ocity constant ”13 useful for comiiarativc purposes only if it is calculated 

posUion decent. 

Jr<rttl’’«ir^’ ‘I"*™ of 

wS eno < Inv’ [ ""'“““Cd in gelatins of fairly 

ZkeT.eZT r 8'"“ dilution, its preseneVrnay 

ways described ° P'''P««d in the two 
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shaken with a large volume of cold water to give a 0-04 per cent, 
solution ; lower concentrations were obtained, as before, by simple 
dilution. This type will be called gelatin B. It is imperative that 
the solution be not excessively turbid, and it will be found better 
to prepare a sol of lower concentration than 1 per cent, — say, 
0*6 per cent. — if the dispersion of the 1 per cent, gel is too difficult 
to effect in the cold. This will depend entirely on the nature of the 
gelatin used. 

It is possible that the particles in gelatin B are somewhat larger 
than those in gelatin A. Zsigmondy (“ Chemistry of Colloids,” 
trans. by Spear, 1917, p. 224) maintains that such a difference can 
be detected with the ultramicroscope, anything approaching real 
homogeneity being found only with warm sols. That these two 
types behave somewhat differently in their effects on catalysis with 
colloidal platinum is evident from a large number of experiments 
carried out by the author. Table I records the results of some of 
these experiments, and the most striking facts appear to be the 
following : 

(1) Since the results of scries i. were obtained ^vith tlie same 
platinum sol, having an activity'' denoted by the velocity constant 
0‘0263, it is evident that different gelatin solutions prepared in 

Table I. 




Series 

i. 


Sei’ies 

1 ii. 

Cone, of 


L 





gelatin 

Gelatin 

Gelatin 

Gelatin 

Gelatin 

Gelatin 

Gelatin 

per cent. 

A (i). 

n (i). 

A (ii). 

B (ii). 

A. 

IL 

0 

0 0203 

0 0263 

0 0263 

o- 02 (i:> 

0 0365 

0-0365 

001 

000G2 

0 0030 

0 0044 

(1 (1043 

0 0057 

0-0050 

0-001 

0-006.5 

0-00,56 

0-005(J 

(I'OOdit 

0-0070 

0-0075 

o-oooi 

0-0075 

0 0077 

o-on.',s 

o-ooiis 

o-(>o:.5 

O-ooss 

(.)-0000.5 

0-0102 

0 0120 

0-0O06 

0 0113 

0-(«»0O 

0-0120 

0-0000 1 

0-0 loo 

0 017S 

OOlSO 

0-O220 

0 02.51 

0 0276 

0-00000,5 

0 0213 

0-0230 

0-02 16 

0-023.3 

(.1 (l2s!^ 

0-031 S 


precisely similar ways do not always have tiio :^mo inhibit ive 
effect for each concentration investigated. This result iniglit be 
anticipated, but, of the two types* gelatin A exhibits greater irregu- 
larities in behaviour. Dilution sometimes produces very little 
change in the activit}' of gedatin A solutions [tins very pronounced 
effect is to be seen in Table 11, with gelatin A (ii)], and it would 
appear that either the dilution results in an increase in the number 
of particles owing to subdivisio!i or tluTO is a tendency for an 
ad-sorption maximum to be reached in some particular eases. 

(2) Gelatin B docs not exinbit such a pronounced tendtmev to 
an adsorption maximum, and although sulKlivision of the particles 
may take place to some extent on dilution, it is not so noticeable. 
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Table II, 


fc. 


nc. of gelatin 
per cent. 

Gelatin A (i). 

Gelatin A (ii). 

Gelatin B. 

0 

0-0185 

0-018.5 

0-0185 

O-Ol 

0-0040 

0-0050 

0-0030 

0-001 

0-0053 

0-0054 

0-0045 

00001 

0-0061 

00058 

0-0066 

0-00005 

0-0068 

0-0071 

0-0086 

O-OOOOl 

0-0123 

0-0111 

0-0146 

0-000005 

0-0151 

00133 

0-0180 


At very low concentrations, gelatin B is always less effective than 
gelatin A as an inhibitor. This is quite in keeping with what is 
already known about gelatin, that its protective effect is greater 
the smaller the size of its particles. (Observation of the disappear, 
ance of inhibitive activity at different stages of dilution is the clue 
to the real relation between Zsigmondy’s gold numbers and this 
interesting phenomenon, and will be discussed later.) 

(3) Both types show a very rapid falling off in their activity 
below a concentration of about 0*00005 per cent. It may be that 
up to concentrations in this neighbourhood the adsorption process 
between the platinum and gelatin particles is largely clectrocapillary 
in nature, but that above thi.s concentration ordinary adsorption 
may be operating. If, for conoentratious of gelatin above O'OOOOo 
per cent., the logarithms of the gelatin concentrations be plotted 
against the logarithms of the percentage inhibition in each case, 
the curves obtained will be almost straight lines, and for gelatin A 
these lines m\\ be more nearly horizontal than for gelatin B. 

If gelatin A does consist of a large number of small particles, and 
gelatin B of a small number of larger particles, and if it is assumed 
that, on account of their higher surface energy, the smaller particles 
are more effective for adsorption, then one would expect an adsorp- 
tion maximum to be reached more readily with gelatin A than with 
gelatin B, and the effects of gelatin B would fall off more rapidly 
with dilution. • 

It is too early in these investigations to state definitely just how 
these adsorption processes are *perating in every ease, but the 
results seem worth recording, as they are important for the study of 
the physico-chemical properties of gelatin. 

Higher concentrations of gelatin than O-OI per cent, have not 
been investigated, because viscosity changes in the solution would 
soon become appreciable, and the slowing down of the Brownian 
movement to any extent is a matt<T outside the present consider- 
ations. 

Isow, by varjing both the gelatin and the platinum concentra- 
tions throughout any one experiment, some rasults have been 
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obtained which can be accounted for only on the adsorption theory. 
If diifusion plays such a large part in the catalysis as some people 
suppose, one would expect that a given concentration of gelatin 
would have a somewhat smaller effect on a fairly concentrated 
platinum sol than on a more dilute one, where the particles would be 
farther apart. But this is not by any means the case, and the ratios 
recorded in Table III show that the retardation in the velocity 
of reaction produced by a given quantity of gelatin is almost invari- 
ably greater the greater the concentration of the platinum sols, and 
this can be explained on no other ground than that of adsorption. 

Table itl. 

Series iii. 

Cone, of 
gelatin A 

percent. k. Ratio. 
Platinum sol H. 

0 0‘13T0 1 

O-OOUl (J-U447 0-31 

Platinum sol I 
(cone. ^ Pt. sol H), 
0 0()0i).5 1 

(J-OOOl 0 1)020 0-39 


Oiven a number of gelatin particles corresponding with a certain 
concentration, a greater proportion of these must be adsorbed by a 
large numl>tT of platinum particles than by a small number, but the 
exact quantitative relations existing can only be decided by more 
exact in vest igation.s. The d i flic u I ty is, to prepare gelatin solutions 
the ultramicrons of which will not subdivide on dilution. One must 
be .sure in every case that dilution of both the platinum and the 
gelatin merely affects the distribution and not the state of the 
particles. 

With any other jnotective colloid, siK-h as gum araluV, the same 
type of behaviour is exhibited, but gum arabic is not nearly so 
strong a protective colloid as gelat in, and its effects are not manifested 
at 50 great a dilution. 


Series i. 


Cone, of 
gelatin A 

per cent. k. Ratio. 

Platinum sol A. 

0 00404 1 

0 01 0-0070 0-17 

00001 0-0118 0-29 

0-00001 0-0270 0-07 

Platinum sol R 
(cone. ~ 1 Pt, sol A). 

0 d0133 1 

flOl 0-O02(i 0-19 

00001 0-0054 0-40 

000001 0-0087 0-07 

Platinum sol C 
(cone. ™ J Pt. sol A), 
0 0-0042 1 

0-01 0-0020 0-48 

0-0001 0-0024 0-.57 

tlOOOOl 0-0041 0-98 


Series ii. 


Cone, of 
gelatin A 

per cent. k. Ratio. 
I'latinum sol D. 

0 0-0834 1 

0001 0-0217 0-2G 

Platinum sol P’ 
(cone. * ] Pt. sol D). 
0 0-0.574 1 

0 001 001.52 0-20 

Platinum sol P 
(c-onr. - : i Pt, .sol D), 

0 0-0312 I 

0001 0-0102 0-32 

Platinum .sol (4 
(i-oric. - ] Pt. .sol I)}. 
0 0-0114 I 

0 001 0-0027 U-24 
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Table IV, 

Cone, of 


gum 

arabic Platinum sol J. Platinum sol Tv. Platinum sol L. 

per cent, k. Ratio. k. Ratio. k. Ratio. 

0 0-0243 1 0 0185 1 0 0052 1 

0-1 0-0131 0-54 0-0130 O-Tl 0-0043 0-82 

O-Ol 0-0167 0-(i0 0-0130 0-76 0-0047 0-90 


(in concentration, sol J>sol K>sol L). 

This brings up again the interesting point incntionecl previously. 
Zsigmondy measured the quantity of protective colloid which was 
just insufficient to prevent coagulation of the gold sol by electrolytes. 
Expressed in milligrams per 10 c.c., this was called the gold number. 
Now it seemed desirable to find out what these limiting concen- 
trations are in the case of the catalytio process. The gold numbers 
of several protective colloids were determined by Zsigmondy’s 
method. The same solutions were then used in the catalytic 
experiments, and continually diluted until the effect of the colloid 
on the reaction was no longer perceptible. This was found not to 
be a very easy matter to decide, but from a large number of experi- 
ments on the same solutions, definite values for the limiting concen- 
trations were finally obtained. They vary slightly, just as the gold 
number does, for different solutions of the .same sample of protective 
colloid. Table V records one set of such measurements. 

Table V. 


Tnbibilioa Gold Ifihibitioti 
Protective Gold number number number 

colloid. number. per cent. ratio.^. ratios. 

Oelatin 0 02 2 :: 10-'' 100 100 

Egg-albumin 0-10 1 < P)-* 20 20 

Eextrin ;{ 2 U|-J 0-6(1 **1 

5 0 lU * 0-40 0-33 


(In these determinations a plalintim sol should be used which 
has a velocity oonstaiit between 0 02 and 0-01. The value 0-02 is 
the gold number for gelatin in the cold, ^>lue 3 as low as 0-004 
and 0005 can be obtained only srt the temperature of the boiling 
solution.) ^ 

Giving to the most efficient protective colloid, gelatin, the value 
100, and comparing the ratios of the gold numbers with the ratios 
of these limiting concentrations, the closest parallel is observed. 
It is proposed to call the limiting concentration in each case the 
'ffinhil)ition number,” and this may bo defined more strictly as- 
ihat ^yeremtage of protective colloid inhir}>. h^jnsi iimfjirient to vihibit 
catalytic action. 

Both the gold number and the inhibition number are evidently 
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a measure of the same property — t!ic strength of the adsorbed film, 
and by this is meant the capacity of the protective colloid for 
inhibiting further adsorption. 

A great many more protective colloid.s might have been investi- 
gated in this connexion and, indeed, the inhibition number will now 
be worked out for a large number of colloids using colloidal gold 
as catalytic agent, and it is anticipated that more exact relations 
will be found to hold ; but it is easily seen that the above results 
are more than a coincidence, and illustrate very well the ad.sorptivc 
theory previously uplicld by Zsigmondy. He, however, did not 
attempt to explain completely the' real signihcance of tlie gold 
number, and it is claimed that this work on catalysis has resulted 
in the first real attempt to do so, But the investigations have been 
confined to a single reaction, and they will have to be extended to 
numerous cases of colloid catalysis before the generalisations will 
seem really valid. At the same time, there is no reason to believe 
that this behaviour of protective colloids is peculiar only to the 
case of colloidal platinum and hydrogen peroxide ; for tlie rate of 
reaction that is measured in these cases of heterogeneous catalysis 
seems really to be what might be called a velocity of adsorption, 
the chemical reaction at the .surface of the catalyst probably being 
a very much faster process. 

It is interesting in this connexion to note that Friend (T., 1921, 
119, 932; this vol,, p. 406) has recently been extending this work 
on protective colloids to otlier, more diverse, types of heterogeneous 
reactions, and the results he obtains are in agreement with the 
adsorptive theory. 

The poisoning of colloidal metals protected by other colloids is 
a matter of great interest, ljut here the adsorpti(ni processes are 
miioli more complex, and the results that have been obtained so far 
are nob ver}^ easy to interpret. But it seems tliat, fairly generally, 
a protected metal .sol of the same activity as an unj)rotcetcd one is 
not poisoned to the same extent by a given ajiiount of catalytic 
poison, and this is what one would ant iei pate from the theory 
developed a.s the result of previous rescurclK's. 

Further experiments have been undertaken on the inhibition 
of catalysis by protective colloids, and the results of the.se experi- 
ments confirm the original idea, that adsorjition is the controlling 
laetor in the phenomenon. 

An inhibition number ’ bus fieen obtained which is defined as 
that percentage of protective colloid which is just insiifiieient to 
Inhibit catalytic action,” and the ratios of these numbers for 
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different protective colloids arc of the same order of magnitude as 
the ratios of the gold numbers. 


I am indebted to the Royal Commissioners of the Exhibition of 
1851 for a scholarship which has enabled me to carry out this 
investigation, and to the Chemical Society for a grant which is 
defraying some of the attendant expenses. 


University of Sydney and 
University College, London. 


[ Received , May 2iHh, 1922.] 
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CLXXXLll.—The Chemistry of Polycyclic Structures in 
Relation to their HomocycUc Unsatw'ated Isomerides, 
Part IIL Inira-annular Tautomerism of a- 
Canipholytic Acid, 

By Juan Pedige Charles Chandrasena, Christopher Kelk 
Incold, and Jocelyn Field Thorpe. 


The examples of intra-annular tautomerism previously discussed 
(T., 1920, 117, 1362; this vol., p. 128) are characterised most 
especially by the extraordinary facility with which the' two in- 
dividuals composing the tautomeric system must be assumed to 
undergo intcrconversion. In no case, indeed, has it yet been found 
possible to isolate more than one crystalline variety of any of these 
substances, which in solution exhibit reactions characteristic of 
both the structures (I) and (II) : 


(I-) 

(III.) 


CR,<| 

CR,<' 


'CX=CV 

‘CHZ-CO 

/CX*CHY 

(11.) 

'0x:cY __ 

'cz:c*OH 

xCX-CY 

^^CZ-C-OH 

(IV.) 


We may assum\3 that the reason for this Ls the intimate connexion 
between the corresponding enolic forms (III and IV), which are 
valency-isomerides related to ohe another mucli like the two 
Kekuie individuals of a substituted benzene, and even more 
exactly like the bridged and double -bonded phases of the benzene 
nucleus by the aid of which the totality of aromatic transform- 
ations may, with large gain in uniformity, be interpreted (this vol., 
pp. 1133, 1143). 

On general grounds, it may reasonably be said that the principal 
factor affecting the mobility of a tautomeric system is the simplicity 
of the mechanism of the isomeric change involved : valency- 
isomerides are more easily interconvertible than isomerides which 
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differ by the position of a hydrogen atom; the straight-chain, 
three-carbon system in the glutaconic esters is more mobile than 
the cycfobutane ring-chain three-carbon system (future communi- 
cation), and 80 ‘ forth. If, therefore, means eoukl be found 
of stopping the enolisation of the typos (I) and (11), we should 
expect to observe a large decrease of mobility; for interchange 
between the bridged and double-bonded forms could now no longer 
occur by rearrangement of valencies alone, and the only available 
mechanism would be a cyclopropane ring-chain conversion 


CR2< 


cx:gyz 

C[H]AB 




([H] = mobile bydrogea atom.) 


analogous to the eyefobutane changes referred to above. This 
change involves the migration of a hydrogen atom, and therefore 
we are led to anticipate that if the ketone groups in the types (I) 
and (11) were replaced by methylene group.s the change 


(V.) 


CR,< 


CX— CY 
CtH]Z-CH2 



would occur only in the presence of acids or alkalis or at a high 
temperature. Such changes, occurring in the presence of reagents, 
are doubtless at the root of much that is difficult to understand in 
camphor chemistry ; and, indeed, Meerwein and van Ernst er Iiave 
already been forced to postulate an equilibrium between camphene 
and tricyclene in order to explain their observations on these 
compounds (Z?cr„ 1920, 53, [5], 1828) ; 


CMe^ C:CH2 aMco C'CH.[Hj 

CH-CH2‘CH( — 

CHa CH[Hj CH,, CH 


There are several well-known camphor derivatives belonging to 
type (V'), one of the most familiar examples being a-cainpholytic 
acid, the usual formula for which is (VJI). Obviously, however, 
the bridged formula (YlII) has to be taken into account, for, in 
view of what is known with regard to .such reactions, there seems 
to be no a priori reason why either or botli of the converse clianges 


(VII.) 5^ 

* CH(COjH)-CHo 


CfC 03 H)-CH, 


(VIII.) 


C’iCO^H)-! 

should not take place in the presence of suitable reagents. 

The evidence usually quoted in favour of the accepted formula 
(Ul}i8 far from satisfactory? The staple argument socmis to be 
that Perkin and Thorpe obtaitjed a-campholytic acid by the action 
^Ulkalis on the bromocycfopontanc acid (IXJ (T., 1904, 85, 147). 
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We ]cnow, however, that the production of a c^cfopropane ring is 
the normal course of such a reaction. y-Brorao-jip'dimethylbutyric 
acid (X) gives dimcthylc?/cZopropanecarboxyIio acid {XI ) (Blanc, 
Bull Soc. chim., 1905, [iii], 33, 902), a-bromo*pp'dimethylglutario 
acid gives caronic acid, and even a-bromoglutaric acid, which 
might perhaps be expected to yield glutaconic acid, gives chiefly 
rydopropanedicarboxylic acid on treatment with alkalis; so great 
is the tendency for the hydi’ogeii atom adjacent to a carboxyl 
group to suffer elimination as liydrogen bromide in these cases. 
Perkin and Thorpe’s synthesis of a-carapholytic acid from the 
-/“bromo-acid (IX) is therefore.to be regarded as one of the strongest 
pieces of evidence against the formula which it is usually held to 
support; obviously, the elimination of hydrogen bromide from 
the acid (IX) should give rise to an acid of the bridged constitution 
(VTII), which, on other grounds, appears as a reasonable mode of 
formulation for a-campholytic acid : 


(IX.; 




'CHiCOsHj-CHg 


(X.) 


CMe2<| 


CH,Br 


p,, /CMe CIL 

rnr 


There remain, however, reasons for retaining formula (VII), the 
chief consisting in the analogy with a*campholeiiic acid. No one, 
hitherto, appears to have succeeded in obtaining any definite 
oxidation products from a-campholytie acid, but the constitution 
of a-campholeiiic acid (XII) seems to be well established by its 
oxidation to ketoisoc amphoric acid (XIII) and isocamphoronic acid 
(XIV) (Tiemann, Ber., 189G, 29, 30U), the structure of which 
has been proved by synthesis (Perkin, T., 1899, 75, 897) : 


CMe,< 


CMe==-— 


CK(CH2-C02H)‘Ci[, 
{ 111 ) 

(Xtv.) aMe2<' 


“ TH(CHyC02H)2 

(Xin.)" 

OO^H 


Both a-camphoijiic acid and a-campholenic acid undergo isomeric 
change on heating with mineral acids giving isolauronolic acid (X\ ) 
and p-campholenic acid (XVI) respectively : 


{xv.; 


^ O^CHa 




The constitutions of both these acids liave been established by 
oxidation (Kdnigs and Meyer, Ber., 1894, 27, 3466; Perkin, f., 
1898, 73, 802; Blanc, Compt, rend., 1900, 130, 840; Bouveault, 
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Bull. Soc. chim.^ 1896, [iii], 19, 565), and there can be no reasonable 
doubt as to the similarity of mechanism of the changes by which 
they are produced. These considerations strongly suggest the 
retention of formula (VII) for a-oampholytic acid owing to the 
analogy with the formula (XII) of a-campholenic acid. 

Considered collectively, then, the existing evidence relating to 
the structure of a-campholytic acid is of a somewhat ambiguous 
character, and therefore it appeared desirable to apply to this acid 
the methods which were used in studying the cases of intra-annular 
tautomerism met with in the earlier investigations belonging to 
this scries (he. cit.). We have accorjlingly made a careful examin- 
ation of the oxidation products obtained from a-campholytic acid 
under a variety of experimental conditions. 

It will be recalled that the acid (XVII), for instance, is oxidised 
by alkaline permanganate very smoothly in accordance with the 
double-bonded formula assigned to it, whilst evidence of the bridged 
form (XVIII) can be obtained by the use of cold ferricyanidc, which 
oxidises it to caronic acid : 


CMe,<C(CO.H):CH-CO,H _ 

Crlg CO CH CO 

(XVII.) (XVIII.) 

On oxidising a-campholytic acid by alkaline permanganate, clear 
evidence was obtained of the unsaturatod structure, the principal 
products being the dihydroxydihydro-acid (XIX) and S-keto-fi- 
carboxy-yy-dimethylhexoic acid (XX) : 


(VII.) ^ 

^ CH(C02H)-CH2 

(XIX.) 


CMeo< 


COMe 

CH(C02H)*CH2 

(XX.) 


Similar results were obtained using alkaline chlorate in the presence 
of osmium tetroxide at 60'", but in this instance further evidence 
as to the mechanism of the oxidation was funiished by the isolation 
of aa-dimethyltncarballylic acid, C 02 H-CMe 2 -CH(C 02 H)-CH 2 *C 02 H 
(XXI), which has been well ehariteteri.sed by other workers. 

When, however, a-campholytic acid was oxidised over a period 
of several w’eoks with cold acidified chlorate and osmium tetroxide, 
the product contained, not only all the above acids, but also two 
others the formation of which plainly ])oints to the existence in 
acid solution of the bridged individual (VIII). 

One of these w’as the acid CgHjgOg, usually called Balbianos 
acid, the constitution of which has been very recently established 
l>y Kon, Stevenson, and Thorpe {this vol., p. 654), who have proved 
that this substance |s a hydroxyepefopropane acid of the formula 
yolif 3 II 



1546 


CHANDRASBNA, INGOLD, AND OSORPE : 


(XXII) in tautomeric relation with its open-chain isomeride (XXIII) 
and the lac tonic modification of the latter : 


ixx,,., ^ eM„< 


CHMe-COgH 

VO'COM 


(XXIII.) 


It will at once be evident that neither of the individuals (XXII) 
or (XXIII) is capable of being represented as a direct oxidation 
product of the double -bonded form (VII) of a-campholytic acid. 
On the other hand, the hydroxy-ring acid (XXII) is the normal 
oxidation product of the bridged individual (VIII) : 


(VIII.) -y CMe2<' 


CMe-COjH 

C{OH)-COjH 


It appears sigiiificant, in view of the well-known influence of 
acids in accelerating the cliange from a-campholytic acid into iso- 
iauronolic acid, that Balbiano’s acid was not produced, and, in 
fact, no evidence of the bridged individual of a-campholytic acid 
was obtained, by oxidation in alkaline solution. The change from 
a-carapholytic acid into rsoIauronoKc acid is a most remarkable 
one if considered from the point of view of the double- bonded 
formula for a-campholytic acid ; it is, however, much more easily 
represented by the aid of the bridged formula (VIII), and in the 
earlier stages of these experiments we held the view that campho- 
lytic acid passes by way of its .bridged form into isolauronolic acid 
in the presence of acidic reagents : 


MeC^CMe CH, 




Towards the end of 1920, however, Meerwein and van Emster's 
paper appeared : these workers conclusively proved that tricyclcne 
^vas not (as \vas then generally supposed) an intermediate product 
in the isoborneol-eamphene transformation. About the same 
time, Professor Robinson told us of his explanation (since published, 
J/cia. Mouchest^T Phil^ Soc^, 1920, 64, ii, 4) of the conversion of 
a-campholytic acid into tsolauronolic acid. Xow, although we do 
not find in the results of our own experiments any clear evidence 
for or against Robinson s explanation of the mecljanism, there can 
be no doubt that, from the point of view chosen, it is the most 
detailed and strictly logical explanation that has yet been proposed, 
and therefore it is necessary to examine its bearing on, the inter- 
pretation of the experiments hero described. Wc need only 
consider Robinson^s first stage, wbicii coii.si.sts in the addition of 
the elements of water to the double-bonded formula for carapholytic 
acid. It mil bo evident that the hydroxy-acid (XXIV) formed in 
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this way is capable of undergoing oxidation (similarly to the bridged 
form of campholytic acid), giving a dihydroxy-acid (XXV) which 
would at once pass into the hydroxy-ring form of Balbiano’s acid 
(compare Kon, Stevenson, and Thorpe, he. cit.^ p. 657) ; 


^ ^CMe(OH)* 


r— CH^ 
^CH(C02H)-hCH2 
(XXIV.) 


TM-P <-CMe(OH)-CH2-CH2'OH 
^ ^ XH(0H)'C02H 


{XXV. ) 


CMe2< 


CMe-COgH 

C(0H)'C02H 


(XXII. } 


Evidently then, there are two alternative ways in which Balbiano’s 
acid can be formed by oxidation, and therefore it became necessary 
to decide between them. This ha.s been accomplished, and the 
results clearly show that, whatever may be the truth regarding 
die change which results in the formation of isolauronolic acid, 
the oxidation of a-carapholytic acid cannot be accounted for by 
stny mechanism depending on the preliminary addition of ivatcr 
to the double-bonded individual as suggested by Robinson. 

The hydroxy -acid (XXIV) is evidently capable of oxidation to 
a lactoiiio acid of the composition its structure being 

represented by formula (XXVl) : 


(XXIV.) 


<CMc(0H).C02H 


CMc.< 


.CMe-CO.,H 
0 ‘ 


Xlh'CO 

(XXVf) 


Tills lactonic acid is therefore to be regarded as capable of being 
derived from the double-bonded form of cauipliolytic acid by 
addition of water and then oxidation. On the other liand, the 
bridged individual could, Iiy a corres[ionding s(Tie.s of transform- 
ations, yield two such lactonic acids, corresponding Mith the two 
ways in which liydrolytic fission can occur at tlio bridge. According 
to one mode of fission, the primary product would be the hydroxy- 
aeid (XXIV), and the ultimate oxidation product the lactonic 
acid (XXVI). According to the yther mode, the primar}* product 
would be the isomeric hydroxy-acid (XXVII), and the ultimate 
[iroduct the lactonic acid (XXVTII) : 


/CHMe- 




-CO, 


{X.XVII.] CMe.< -^1- rMe.< 

“^C(0H){C02H)-lTl2 ^A’(OH)(aXH}., 

-CHMod'O 

0 {XXVlll.) 

lactonic acid (XXVT) may be funned, tlierefore, from either 

' 3h 2 
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modification of campholytic acid, but the lactonie acid (XXVIII) 
can only be obtained from the bridged individual The lactonie 
acids (XXVI and XXVIII) are known and have very similar 
properties. However, the lactonie acid obtained along with Bal- 
biano’s acid by the oxidation of a -campholytic acid by cold chlorate 
and osmium tetroxide in acid solution was conclusively proved to 
have the structure (XXVIII) by direct comparison with a synthetic 
specimen. The production of this lactonie acid along with Bal- 
biano’s acid appears to leave no room for doubt as to the existence 
in acid solution of the bridged individual of campholytic acid. 

Experimental. 

The a-campliolytic acid required for these experiments was 
prepared from sodium ethyl camphorate by the electrolytic method 
described by Walker (T., 1893, 63, 475 ; 1895, 67, 347 ; 1900, 77, 
383). This process was found to be much more convenient than 
the method of Noyes Ch.m. J., 1894, 16, 310; 1895, 17, 

424 ; 1900, 24, 290), depending on the action of bromine and alkali 
on camphoramic acid. 

(A.) Oxidation of a-Campltohjfic Acid by Cold Alkaline Perman- 
ganate; Fomaiion of yh^Dihydroxydihjdrocampholytic Acid 
and ^-KetX)-^-cmboxy-yy-dimethylhe.xoic Acid. 

The a-campholytic acid (7 grams), dissolved in 25 c.c. of 2N- 
aqueous sodium carbonate, ivas treated with 3-16 per cent, aqueous 
potassium permanganate until no further decoloration took place 
in the cold. The quantity of permanganate decolorised corre- 
sponded with the absorption of three atoms of oxygen. The 
suspension was boiled and filtered, and the oxides of manganese 
thoroughly exhausted by suspending in water and passing a current 
of steam. The combined aqueous filtrates were acidified with 
hydrochloric acid, evaporated to a small bulk, and extracted with 
ether. Ihe mixture of acids obtained in this way slowly set to a 
paste of crystals, which wxre drained as thoroughly as possible on 
porous porcelain, and then tritufated with ether. 

y^-Dihydroxydihydro-<x.-campholytic Acid. — The constituent in- 
soluble in cold dry ether was crystallised, first from a large quantity 
of boiling ether, and then from ethyl acetate, and separated in 
large, lustrous prisms, m, p. 1.59 -IGOl It was identified by 
analysis and by direct comparison with tlie dihydroxy-acid obtained 
by the oxidation of a-campholytic acid with sodium chlorate and 
osmium tetroxide (Found : C = 57-0; H === 8-5. requires 

C = 574; H = 8-5 per cent.). 

The dvmtyl derivative was prepared by boiling the acid with an 



the chemistry of POLYOYOLIC structures, BTC. PART IH. 1649 

excess of acetyl chloride for half an hour, after which the evolution 
of hydrogen chloride had ceased. The solution was evaporated 
over solid potassium hydroxide in an evacuated desiccator, and 
the crystalline residue purified by crystallisation from a mixture of 
light petroleum and ether. It separated in small needles, m. p. 
122^, which were very soluble in all the usual solvents excepting water 
and light petroleum (Found : C = 57*7 ; H — 7-6. CigHgoOg 
requires C = 57-3 ; H = 7*3 per cent.). 

h’KeiO’^-carboxij-yy-dimethylkexoic Acid . — The acid which dis- 
solved in the cold dry ether (above) slowly solidified when the 
solvent had evaporated. It was cryntalli.sed first from ether and 
then from ethyl acetate, and was obtained in needles, m. p. 119 — 
12P. It was identified with the substance (p. 1551) obtained by 
oxidation with sodium chlorate and osmic acid (Found : C == 54-2 ; 
H — 7*3. requires C = 53-5 ; H = 6-9 per cent.). Suf- 

ficient material was not available for an extended examination, 
but the substance certainly appeared to yield condensation products 
with the usual reagents for ketones. 

(h.) Oxidation of oi’Campfiohjtic Acid by Means of Sodium Chlorate 
and Osmium Tetroxide in Alkaline Solution at 60^ ; Formation 
of yh-Dihydroxydihydrocampholyiic Acid and %%-Dimetkyliri- 
carhallylic Acid. 

A solution of a-campholytic acid (5 grams) in a small excess of 
2A'aqueous sodium hydroxide was mixed with an aqueous solution 
(2o0 c.c.) of sodium chlorate (20 grams) and osmium tetroxide 
(0*3 gram). The mixture was kept in a thermostat at C0° for 
thirty-six hours, then acidified by means of hydrochloric acid, 
evaporated to a small hulk, and extracted with ether. The residue 
which was left w*hcn the ether had evaporated rapidly solidified. 
On triturating with cold dry ether, an insoluble residue remained, 
which, after several crystallisations from ethyl acetate, yielded the 
<lihydroxy-acid (p. 1548) in a state of purity^ The other main 
constituent of the product insoluble in ether wa-s an acid, m. p. 170“, 
which contained chlorine and was not further investigated. 

n-Dimethyltricmballylic Acid . — The portion of the oxidation 
product soluble in cold dry other was recovered as a gum, wliich 
refused to solidify. It was therefore dissolved in barium hydroxide 
solution, and the sparingly soluble barium salts were collected 
Sfid decomposed by means of hydrochloric acid. The regenerated 
which were isolated by extraction with ether, were obtained 
a crystalline condition by 'rubbing with cold chloroform, and 
llipn crystallised twice from water. The product obtained in this 
formed minute prisms, m. p. 166 — 157*^, and was identified 
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as dimethyltricarballyMc acid by analysis (Found : C — 47-0 ; 
H — 6-1. Calc., C = 47-1 ; H = 5-9 per cent.), and by a careful 
comparison of its propertie.s ivith the descriptions given by Barthe 
{Compt. rend., 1897, 125 , 183) and by Haller and Blanc {ibid., 
1900, 131 , 21). 

(C.) Oxidation of oL-CampkoUjtic Acid by Means of Chloric Acid arid 
Osmic Acid in Acid Solution at 20° ; Formation of y8’Dihydroxy- 
dihydrocampholemc A cid, h-Keto-^-carhoxy-yy'dimcthjlhexoic 
Acid, the Lactone of y-Hydroxy-oL^^-trimethjlylutaric Acid, 
y-Keto-Qt^^-trimethylglularic Acid, and act-DifnethyUricarhallylic 
Acid. 

a-Campholytic acid (30 grams) was mixed with a solution of 
sodium chlorate (95 grams), glacial acetic acid (20 grams), and 
osmium tetroxide (1 gram) in 1500 c.c. of water. The mixture was 
kept at the ordinary temperature for several weeks, then filtered 
from a small amorphous deposit, and evaporated to dryness. The 
re.sidue was evaporated twice with water in order to remove acetic 
acid, and then dissolved in water and extracted with ether. The 
residue from the ether was left until it had solidified, and was 
then boiled with dry ether in order to separate the main bulk (jf 
the sparingly soluble dihydroxy-acid. The residue from tl?e ether 
was seeded Avitli a trace of the original mixture and allowed to 
resolidify (this took several days), and then triturated with cold 
benzene until the more soluble portion appeared to have been 
completely removed, 

Lactmie of y-Hydroxy^:^^^yrimethyJ(jlutaric A cid. —The acids which 
were sparingly soluble in benzene were subjected to repeated frac- 
tional crystallisation from benzene and ethyl acetate employed alter- 
nately. In this ^vay three products \vere obtained : (i) the 
dihydroxy-acid mentioned above, m. p. 159—100" ; (ii) an acid 
which separated from benzene in long needles, m. p. 105—166"; 
(ih) an acid product, m. p. 148-150". The last crystallised as a 
single substance and was free from chlorine, but its carbon and 
hydrogen content did not correspond with any definite formula, 
so that it was ultimately supposed to be a mixture and its investi- 
gation was abandoned. The substance, m. p. 165— 160° gave 
figures corresponding with the formula CsH^O,, and on titration 
(by dissolving in excess of alkali and titrating the excess) behaved 
as a ihbisic acid. It was at first supposed that this substance was 
*-me hylcaronic acid (trimothylcyclopropanedicarboxylio acid), but 
on further investigation it was discovered that, when titrated by 
the direct method, the substance behaved as a monobasic acid, 
and, in fact, had aU the properties of a lactone. Ultimately it was 
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identified with the lactonic acid which Balbiano prepared first by 
reduction of his oxidation product CgHi 205 of camphoric acid 
{Ber., 1894, 27 , 2136) and later by elimination of hydrogen bromide 
from y-bromo*app-trimethylglutaric acid {Atti JR. Accad. Lincei^ 
1899, [v], 8, I, 426), by direct comparison and the mixed- melting- 
point test with a specimen obtained by the second of Balbiano ’s 
methods [Found : C — 55-8 ; H = 7*0. Calc., C = 55-8; H — 7-0 
per cent. Equivalent (direct titration) = 171. Calc. 172. Equi- 
valent (back titration) = 86*7. Calc. 86]. 

y-Keio-a^f>4rimethylgluiaric Acid.— The acids which dissolved in 
cold benzene showed but little tendency to cry.stallise, and therefore 
were dissolved in a small excess of barium hydroxide and the 
insoluble barium salts collected. The main constituent of the 
acids regenerated from these insoluble salts was aa-diraethyltri- 
carballylic acid (above). The soluble barium salts were decomposed 
with hydrochloric acid and the organic acids extracted with ether, 
and, after evaporating the ether, mixed with chloroform, which 
caused the separation in the crystalline state of a small amount of 
the kctonic acid de.scribed on p. ir>49. The gummy acids were 
dis.solvcd in an exact e((ui\’alent of ammonia, treated with calcium 
chloride, and the solution evaporated to a small bulk. The salt 
which separated was collected after cooling, wa.shed with cold 
water, and decompo.sed with hydrochloric acid. The regenerated 
acid solidified fairly readily, but as it did not appear to crystallise 
well from solvents, was prt‘pared for aiialysi.s by washing with 
chloroform. It was identified by its melting point, 119—120°, 
l)V analysi.s (Fouiul : C 51-3; H -- 6-0. Calc., C = 51-1 ; 
H — 6-4 per cent.), t)y its conversiem on heating with sulphuric 
acid into trimethylsuccinic anhydride, l^y the melting point of its 
condensation product witli u-phenvlenediajuine, and, finally, by 
direct compari-son and a mixed- rneIting-j)oint determination with 
the substance de.scribed by Kon, Stevtmson, and Thorne {this voL, 
p. 663). 

We wish to thank the Ciiemi(»al Society for a grant which has 
defra5'cd much of the exix?n.se of this work. 
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CLXXXIV . — Effect of Attached Groups on the Ease of 
Formation of the cjcloPentane Ring, 

By Juan Pedioe Charles Chandeasena and Christopher 
Kelk Ingold. 

The broad fact that ease of ring formation reaches a maximum 
in c?^o^(?pentaiie and c^c/uhexane compounds is in good general 
agreejnent both with the original strain liypothesis of Baeyer and 
the modification of it which was recently suggested {Ingold, T., 
1921, 119, 305) as being more closely in accordance with experi- 
mental data and more reasonable on general grounds. The size 
of the homocyclic ring, however, is by no means the only factor 
which influences case of formation, and it is only by means of the 
modified strain hypothesis that it becomes possible to trace the 
influence of attached carbon chains on the ease of formation of a 
given type of ring. Reference has already been made {he. cit.) to 
the striking effect of the gem- dimethyl group, and of quaternary 
groupings in general, in assisting the closure and augmenting the 
stability of those rings (cyc/opropane, c^c?obutane, and ct/efopentane 
rings) the internal angles of which are less than 115-3°; reference 
has been made also to the manner in which such groupings are 
disposed in natural products so as to relieve to a maximal extent 
the strains inherent in the ring-system (T,, 1921, 119, 951). The 
matter is very well illustrated as regards eyefopentano ring-formation 
by the conversion of substituted acids of the adipic acid series 
into cyc^opentanones. Using a standard method of ring closure, 
Blanc found {C&mpt. rend., 1907, 144, 1356) that acc-dimethyladipic 
acid was converted into dimethylc^ciopentanone much more 
smoothly than adipic acid is into ege^opentanone, and Perkin and 
Tho^e showed (T,, 1904, 85, 138) that y-carboxy- a « -dimethyl- 
adipic acid gave the corresponding ci/ciopentanone-acid in quan- 
titative yield when its sodium salt was boiled with acetic anhydride, 
a method of ring closure which fsels when applied to adipic acid. 

In these cases only one gem- or quaternary grouping was present 
in. the open-chain acid and in the ct/c?opentanone formed. It is to 
be expeeted on the basis of the hypothesis outlined {loc. cit.) that 
the introduction of a second quaternary grouping would materially 
enhance the tendency towards ring-closure, and in the present 
paper a case is described in which the formation of a eyefopentanone 
I takes place with quite extraordinary facility under the influence of 
ytwo quaternary groupings . The substituted eyefopentanone was cam - 
the general stability and ease of formation of which appear 
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to be guaranteed by its wide occurrence in nature (2oc, cit,). The 
open-chain acid was #mri5-dihydrocampholenic acid, which, when 
obtained by reduction of campholenic acid, passes spontaneously 
into camphor in aqueous solution at 60° : 



tTans-Dihydrocampholenic ’ CampJior. 
acid. 


c m-Dikydrooumph ohnic 
acid. 


Mahla and Tiemann {Ber.^ 1900, 33, 1934) obtained a dihydro- 
eampholenic acid by hydrolysis of the nitrile prepared from cani- 
phorimine. No configuration was assigned to this acid, but, in 
view of its stability, there can be no doubt that it is the cw-modi- 
fication. It will be evident from the space formulae (above) that the 
CIS -acid is not capable of undergoing conversion into camphor in 
the same way as the irans-&cld. 

The method employed in order to reduce the campholenic acid 
was an unusual one ; the acid was warmed at 60° with an aqueous 
solution of calcium hydroxide containing silver oxide in suspension. 
There are a number of examples on record which prove that silver 
oxide frequently gives products of reduction of compounds that 
are difficult to reduce in any other way (compare T., 1915, 115 , 
1098). In the present instance, however, the dihydro-acid, or 
rather the camphor into which it passed by loss of water, was not 
the sole or even the chief product of the reaction, since a large 
proportion of the material became oxidised to a ketonic acid. This 
acid, which has the composition is unsaturated, gives a 

semicarbazone, and behaves towards concentrated sulphuric acid 
like an a-ketonic acid; there appears to be no doubt that it is 
K-ketocampholcnic acid. 


CH^CMe CHg-CHMe CH = CMe 

1 >CMe 2 -> I >CMe 2 and | >aMe 2 

CHj-CH-CH^'COiiH CH2-CH-CH2-C02H CH2-CH‘C0-C02H 

It will be noted that campholenic acid contains but one asym- 
metric carbon atom (*), on 'which alone its optical acti\dty must 
depend. Dihydrocampholensc acid contains two asymmetric carbon 
atoms (each marked *), and it might therefore be expected that, 
unless something having the nature of an ” asymmetric synthesis 
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has occurred, the acid would be externally compensated as regards 
the carbon atom rendered asymmetric by reduction. Camphor 
contains two asymmetric carbon atoms corresponding with the 
two in the dihydro-acid. Now the synthetic camphor was optically 
active, and, in fact, indistinguishable from ordinary natural camphor, 
the activity of which depends on both the asymmetric carbon atoms 
which it contains. An examination of the space formulae shows 
that this result is really in agreement with stereochemical theory 
despite the fact that it involves the production of a second asym- 
metric carbon atom without any external compensation. It is 
ring-formation, of course, that is responsible for the apparent 
anomaly, and it should be possible to base a method of resolution 
of externally compensated compounds on the principle which is 
involved. 

E X P E K I K N T A L. 

Optically active a-carapholcnic acid was prepared from d- 
caraphoroxime through the nitrile as described by Tiemann 
1895, 28, 2166). 

A mixture of oi-campholenic acid {2 grams), silver oxide (5 grams), 
calcium oxide (1 gram), and water (50 grams) was heated for seven 
days at in a thermostat, the flask being fitted with a specially 
designed condenser-trap in order to prevent any crystalline sublimate 
from returning to the solution. The solution was decanted from 
the thick deposit of silver, faintly acidified witli sulphuric acid, 
concentrated to a small bulk, and extracted with ether. 

d-Camp)ior. — The whole of the camplior generated during the 
reaction collected in the trap, no trace remaining in the aqueous 
licpiid. The dried ketone melted at 175° without rccrystallisatioj] 
or resublimation and therefore was practically pure. It was shown 
to be identical with natural d-camphor by direct comparison : 
both had the same m. p. (175°), which was not depressed on mixing 
the two specimens; both had the same specific rotation ([a]y 44' 

in alcohol); each gave an oxime (prepared by Nagolis method, 
Ber.^ 1883, 16, 497) which had fti. p. 120°, the m. p. of a mixtui'c 
of both being 120° also. 

a.-Keto-^~cu}(i])holenic Acid. — The residue from the ether extract 
was obtained in a crystalline condition and then recrystalliscd from 
dry ether. Ihe ketonic acid separated in small cubes, m. p. 125-'- 
120° (Found : C - G5-2; H = 7-7. C.oHiA ^ - 65-9; 

H = 7‘7 per cent.), The acid instantly decolorises cold alkaliim 
permanganate, and gives the usuai reactions for ketones. On 
warming with concentrated sulphuric acid, it evolves carbon 
monoxide in the manner characteristic of a-ketonic acids ( 0-0082 
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gram gave 32-8 c.c. of CO at 27 -S* and 760 mm., that is 29-8 c.c. 
at C 8 H, 3 -C 0 'C 02 H requires CO = 28-1 c.c. at N.T.P.}. 

The product which remained in solution in the sulphuric acid was 
neither a-campholytic acid nor (i- camp holy tic acid, but consisted 
chiefly of an uncrystallisable gum. Probably «-camphoiytic acid, 
the normal product of this decomposition, was formed intermedi- 
ately, as a specimen of this acid, prepared by electrolysis of sodium 
ethyl camphorate (Walker, T., 1893, 63, 495), was found to give a 
very similar gum when heated with concentrated sulphuric acid 
under the same conditions. 

The semicarbazone was prepared by treating an aqueous -alcoholic 
solution of the acid with concentrated aqueous semicarbazide 
acetate. It crystallised from alcohol in colourless needles, m. p. 
214” (Found : N = 17-7. C 11 H 17 O 3 N 3 requires N = 17-6 per cent.). 

hfPKRiAr College of Science and Techxologv, 

South Kensington. [Recdred, Juxe 22n(I, 1922.] 


CLXXXV . — The Calcidation of the Colour of the Azo^ 
dyes and Belated Coloured Suh. dances. 

By Jame.s Moir. 

The method of representing coloured substances by hydroxylated 
formulae which may then be dis.sL*cted ” into a fundamental 
skeleton (or parcnt-substancc) and a number of subsidiary' groups 
or linkages (Moir, T., 1921, 119, 1655) has now been applied uith 
success to the simpler azo-dyes, and numerical values have been 
found for the required linking-factors, whereby, for example, 

the colour of ionised benzeneazophenol, PlnXIXC^ /O', 
may be calculated from that of ionised phenol as parent substance. 


Uyd ro.aj’Cotn jx) u n dx . 

Pursuing tliis example, benzfneazophenoi is written as either 
Ph-N(OH)*NH*C 6 H 4 '()' or Ph'NH'XiOHjd^K/O', and the metluxl 
of calculation is the same as before : the figure representing the 
wave-length of the absorption band of ionised phenol (‘‘ phenoxide 
ion,” X287) is multiplied successively Iiy (I) the imino-inter- 
position-factor ” 1-090, (2) the “ oximino-intcrposition-factor ” 
1-00, and (3) the monocyclic phenyl facUir previously* found 
ci/., p. 1660) M35. -^ho result, X, ^ 287 X 1*09 X 1-20 X 
1*135 = 426, is the wave-length of the absorption baiul of the 
^iizcneazophenol ion. Observation (in water) shows that the centre 
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Of thi band (which is quite broad as compared with those of dicycUo 
substances) lies at about ^ ^ process of calcu- 

Scu of the coloL of all the 

the original and the parent substance ( oc. c* ■* P* 

Applying this principle here, we calculate : 

NHIN-CeH^-OH; X, = 287 X 


(1) NH2-N(0H)/ __^OH 

1-09 X 1*20 = x376. 

(2) Ph’N(OH);^ 

287 X 1-20 X M35 X3a2 


or 


.OfU, 

/~\0H ot PhN;/ ^:0 (quinoneanil), Xi = 


)OH or NH: 


■\-/ 


\;0 (quinoneimide), 


X, = 


(3) H-N(OH)/ _ 

fc! 7i thJse substances docs not appear to have been made ; 

observations on the other two agr^ ^ J ! "'lino' 

* calculation. In addition, calculation can be made of (4) p- _ 
phenol : X. = 287 X 1-09 - X 313; (o) p-hydroxydiphenylamme : 
i = 287 X 1-09 X M35 = X356; and (6) p-hydroxypheny hydr- 
azine: X, = 287 X (iW = 341. but since these are leuco- 
compounds, it is uncertain at present whether they can be made 
to exhibit the required absorption by choosing a suitable solvent 
and hydrion-conccntratioii. 


Amino-compoutids. 

By applying the monocyclic colour factors already discovered 
{loc. cil., p. 1660), the aminoazo-dyes and their AY-methyl deriv- 
atives can also be calculated as regards colour. 

On the page referred to, the amino-factor is given as 1*14 and the 
dimethylamino-factor as 1-222. I now find from a closer scrutiny 
of all the compounds that there are really two partly-superjwscd 
absorption bands in all these substances, which sometimes coalesce 
almost completely, giving the impression of one broad band (oO 
vide), for which the above factors M4 and 1-222 were calculated. 

The real amino-factor is MO and 1-18 and the real dimethyl- 
amino-factor is 1-19 and 1-27, the lower number referring to the 
lower band and the higher number to the higher band in each 
case. 

Applying these to the foregoing hydroxy-compounds, we 
calculate : ^ 

(a) p-Aminoazobenzene, X* = 287 X 1*09 X 1*20 X M35 X 
(1-10 and 1*18) = XX 469 and 503. Observation gives, in slightly 
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acid solution, a broad band with centre at about 497, really two 
vague bands at 478 and 510 overlapping. This agreement is not 
so good as in the case of the others. 

(6) 'Quinonephenyldi-imine or iminoquinoneanil, 

Ph-N(OH)/~\NH2 = PhN:<^^\:NH, 

is the foregoing minus the NH linkage, = (469 and 503) /I -09 = 
XX 430 and 462. This substance was observed to have X 450 broad 
when acidic, but there are probably two band.? at 430 and 465 

overlapping. 

(c) p-Aminophenylhydroxylamine, , NH(0H)(^ ^^1^2 ~ hydr- 
ated quinone-di-imine, X^ = 287 X 1-20 X (MO and M8) = XX 380 
and 408. 

This also agrees sufficiently well with observation, but the suIj- 
stancG is too unstable in acidified water to be examined, as it 
changes to azoaniline. The free substance, Willstatter’s quinonedi- 
imine, was observed photographically to have \ about 340 in 
ethereal solution. 

The calculated values for {d) p-iffienylonodi amine and (e) p-amino- 
diphenylamine are respectively XX 344 and 370 and XX 392 and 420, 
but the colours appear to be latent in these louco-compounds. 

Dimcthylami no<om yxjunds. 

The folIo\ving are calculated, using the factors given on p. 1556. 
(/)Dimethylaminoazobonzeno (butter-yellow) ; X2:~426* x (1*10 
and 1'27) XX 507 and 541. Observation gives XX50S and 543, 
the two bands being w’cll separated. Closer agreement betw'ecii 
theory and observation is not to be expected until tlic third place 
of decimals in the colour-factors siiall have been ascertained. 

(j) Ph-N(OH)/ ^ PhX;/ The calcu- 

latcd bands are XX 466 and 497. 

{h) NH(OH)(^ The calculated bands are Xa 411 and 

438. ^ 

By observation, the main band of this substance is at X670, 
hut there is also a faint band at abtjut X 4.'40. 

Next, by introducing monoeyelio substitution-factors analogous 
to those given in A., 192i, 120 . ii, 6. we nun- calculate the colour 
of methyl-orange, methyl -red, etc. The p-siilphonic acid -factor 
IS 0-98, the 7rt-sulphonic add -fact or is 0'99, and the o-sulphonic 
acid-factor is about 1*02. The corresponding ?«-, and o-carb* 

* A for ben^onoszopIlenol already ascertauiod, 
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oxyl factors are closer to unity, namely, about 0*99, 0-995, and 
1*01, respectively. The factors are larger when the groups are 
in the other ring, that is, in that containing the auxochrome group, 
for example, 1-05 for carboxyl meta to the auxochrome and ortho 
to the linkage {loc. cit.} p. 1660, B of first table). 

Methyl'Orange : Calculated XX 497 and 530. Observed XX 498 
and 534. 

Methybred : Calculated XX 512 and 547. Observed XX 514 and 548. 


Coloured Substances Belated to the Azo-dyea. 


At the beginning of this' paper two “interposition-factors” 
were given by means of which the colours of all the foregoing 
substances have been calculated. By introducing now two more 
factors of this kind, namely, the “ methylene -interposition -factor ” 
(value 0-92) and the “ carbinol-interposition-factor ” “CH‘OH-~ 
(value 1-01), we can calculate the azomcthinc and the stilbene 
colours, 

(1) p-Hydi'oxybenzylidencaniline is written 
Hq/ ^CH(OH)-NHPh 

or HO<^ From the first formulation, the 

calculated band is 287 (phenoxide) x 1-01 (carbinol) x 1-09 
(imino)x M35 (phenyl) X 358 ; from the second formulation, 
the calculation is 287 x 0-92 X 1-20 X 1-135 X358 also. In 

fact, the ratio of the oxidised to the unoxidised linkages, namely 
CH'OH/CHg and NOH/NH, is the same, namely, exactly 11/10. 
It follows from this that the isomeric substance benzylidene-p- 

aminophenol, Ph-CHix/ \oH, which, when written in the 


hydroxylated form, becomes either Ph'CH(OH)-NH/ ^OH or 

Ph'CH2'N(0H)^^^0H, must have Ihe same absorpion band as 

p-hydroxybenzylideneaniline. Observation shows this to bo the 
case, both substances possessing a band at about X 360. 

(2) p-Dimethylaminobcnzylideneanihne and benxyIidcno-«-amiiio- 
dimethylamHnc constitute another pair of different azomethines 
which have the same absorption bands. The four formula 
Ph'NH’CH(OH)-CjH4-NMe2, Ph-NlOHi-CHj-CsH^-NMe^, 
Ph<:Hy>{(OH)-CsHnXMe„ ’ 

ma^ be employed to calculate 
the bands aU giving the same result, namely, X, ^ 358 (the hydroxy- 
compound above) X (1-19 and 1-27) = XX427 and 456. Observa- 
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tion shows that both substances have bands at about IX 430 and 
457 .* 

(3) ^-Dimethylaminostilbenc. This is written as 

Ph*OH2*CH(OH)*C6H4*NMe2 

and gives calculated values for the bands XI 360 and 385. Observa- 
tion shows that only the lower band is present {X 360). The two- 
banded spectrum of the arainoazo-dyes has disappeared when 
only one nitrogen atom is present in the molecule ; it is therefore 
probably due to two simultaneous orbit-s, one passing from the 
auxoehrome to the nearer nitrogen atom and the other from the 
auxochrome to the outer nitrogen atom. 

(4) p. Hydroxys til bene. This gives the calculated value X 302, 
Hewitt, Lewcock, and Pope {T., 1912, 101, 609, curve IV) give 
X 329 as the value for the substance in alkaline solution, and X 308 
for the substance in neutral alcoholic solution. This must be 
classed as a disagreement with theory, because it is the alkaline 
phase which should agree with the calculation. 

We can next calculate the colour of all the important substances 
lying between the azomethines (or stilhenes) and the parent substance. 


Name and Formula. 

(ft) ;>-Hydroxybonz.aldimine, 

HOOgH^CHiNH, or laethylenc- 

A Calc. A Obs. 

;j-aininop}ienol, HO ■C6Hi-N;( ’ J 
pj) fl-Hydroxybcnzhydrol, 

316 for both — 

PhCH{OH)C8H,-OH 
(c) QiiinomeUmne, or 

3i>6* — 

CH,/ >:0 

((/) QuinoJ, Oll'f ^OH (divide fore* 

— 

going by CHj-faetor) 

([ } p- Diriiolii V la 1 1 1 inoben zl d rol , 

316 206 un-ionised 

PJiCHlbHlCgHyN.Moj 
(/) p-DiiTiothvlaminobenzu[)henoni', 

3'J2 and 41S 400 Ijroad 

PhCOU.flyNMe, 

[<j) p-Dimel livlamiuost vrene, 

aljout 320 — 

CHj.CH'CoHpNMe., 

(7() p-HydroxybenzaldoIijde, 

317 — 

ho/ /cH(OH}OH 

32U 33tJ(a!e.)t 

(') p-NitrosophonoI, /n(()H} OH 

37!) 41.7 (ale.) t 

li) p-Diiiir'tliylaminobonzaldehyde 

:)si 

taeenc ana 

472 4,-) 7 

(!'} /J-Xitro.sodiiiU'tIi)'IaMiliiie 

(1) ?)'I)itnothylainiiu>lM'nzoio aeid art t ate 

alanit 33(> 

1"*) />-Nitro]jheiiol salt 

407 (ale.) t 

* Tiiis*ia tlu' same result ns {Mi 

t Oliservatiuns by Haly and 'ruek. 

'ir. liH'. ril., ]), 1660, iHOlum). 

’ Bc'iizylklene-p-arninodimetlj^uniline, however, exhibits a Insjher colour 

('^ilhtwo bands at \\ 517 and -ISO) wfien ( 
respect differing from its isoinerido. 

lissolved in glacial neetio acid, in 
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We see, therefore, that the whole family has thus been connected 
with the previous work on fuchsone and the monocyclic phthaleins. 
In that work the parent substance was quinomethano (c in the 
above table), which is quinol with the “ methylene-interposition- 
factor.” Using the other three interposition-factors, we got three 
other prototype substances, namely, p-hydroxybenz aldehyde, 
quinoneimide, and p-nitrosophenol, and from these in turn, by 
use of the other interposition-factors, we reach the stilbene, azo- 
methine, and azo -families. 


The Higher Azo-dye&. 

These do not differ much from the lower ones ; the main effect 
of complexity is a broadening of the bands with only a slight shift 
towards the red. Thus benzeneazobenzeneazophenol (in alkali) 
is lower in colour than (but very similar to) dimethylaminoazo- 
benzene. The extra group is to be regarded as a mere 

load or substituent on the phenyl ring of the simple azo-dye, and 
all load -factors are known to be not much greater than unity. 
Similarly with the naphthalene compounds, the effect is com- 
paratively small and is due to loading. The factor for both 
CgHjjNg and for naphthalene/benzene is about M5. 

Similarly, congo-red and the other benzidine dyes have colours 

corresponding with , etc., in the simple 

\/\/ 

senes. The colours of the dicyclic azo-dyes can be calculated 
from the dicyclic factors, remembering that the oxidation factor 
is 0‘6 (not I'l), and diminishing the iraino-f actor NH by 3 per 
cent, (since it is here an interposition factor), that is, -NH- = 0-755. 


The Quinone Family. 

p-Benzoquinone in water has a band at about X 455 (in alcohol, 

about X465), whence the oxo-interposition factor ” is about 1-43. 

This value is inconsistent with other evidence requiring a factor 

only slightly greater than unity. Unfortunately, the other members 

of the quinone family, for example, 

/^\ ^ 
Ph»0*CH2\^ yOKy etc., have not been examined. Possibly 

there are two factors for different conditions of acidity. 

The Monocyclk Acridine, Phenazine, and Phenoxazine Dyes. 

2-Aminophenazine, as an example, may be ^vritten 

/\ / \ 




:NH, 
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and is thus seen to be ^^^2 with an imino-group 

substituting two hydrogen atoms. This requires a factor which 
is noi an interposition-factor, since in using the interposition- 
factors hydrogen is not replaced. The immO'Substitutio7i-ta>ctor is 
about 1*13, that is, about 3 per cent, higher than the imino -inter- 
position-factor, as mentioned above in connexion with dicyclic 
azO'dyes. Hence the colour of aminophenazine is to that of 
aminoazobenzene as 1 '03 is to 1. 

There appear to be two oxo-^^mbstitution^fs^etoTs^ one about 
1*02 for nearly neutral solutions, and the other about 1-4 for 
strongly acid solutions ; the phenoxazines change from pink to green 
on acidifying. As an example, Meldola’s Blue may be written as 


0 



I I N(OH) 
\/ 


the calculation is ^ 287 x 1-20 (NOH) x M35 (Ph) x I -15 
X 1*02 {oxo^subditufion} x {l'19andT27)(dimethyl- 
aniirio -factors) — XX 550 and 585. Observation gives XX 538 and 580, 
It is finally to be noted as a matter of great theoretical interest 
that the ratio NH/CHg or N/CH or NOH/CH*OH possesses the 
same numerical value, 1-19, in all the colour-families investigated, 
even in the dicyclic series of the previous paper. 

Sumnmrt/ of MoitocycUc Colon r^Jacfors. 


-CH, itiltTporfod lu clunii 0'92 

“NH- 

-0- ?1’0 and 1-4 

-CH-OU- 1-01 

-XOH 1-200 

-CH,- as second linkaL'f* to twu ?0'9o 

-VH- „ M;J 

-0- 102 and 1-4 

NHj/OH au-xocliromc - l-I (lowi r Imndt MS (upwr band), 

5Ie,/0H ,, M9 „ 1-27 

*a[)hthalcnc,b«‘tizcnc factor Mr» 

'heiiyl factor 1-1 3'» 


Addoifinm. 

i^ince this was written, I have discovennl that Tuck's fundamental 
oh^ervatioq of A 427 for benzoneazophenol in alkaline solution 
Wch I had used in the paper) is somewhat inconvet. The band 
not broad and single as dejected by Tuck (X,, 1907 , 91 , diagram 
t^apage 450), but consists of IfVo overlapping narrow bands M'ith 
at AA 433 and 395. Tuck s diagram should show a small 
VOL. exxiL 3 I 
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peak at the bottom of the curve opposite oscillation frequency 
2350 (alcohol; 2450, water). Since the double band exists in the 
hydroxy-compounds, tieo factors are necessary there also. Probably 
the band k 433 corresponds with the formula 
Ph*NH‘N(OH)‘CeH4'ONa, 

and the band X 395 with the other hydroxylated formula, 
Ph‘N(OH)*NH-CeH4-ONa. 

This new conception of “ one formula one band ” is of very great 
importance and will be dealt with in a subsequent communication. 
Government Labora-tory, 

Hospital Street, Johakne^^bubo. [Hfxeive.d, April ithy 1922.) 


CLXXXVL — Conditions of Formation of Rings 
aitadied to the o, m-*, and impositions of the 
Benzene Nucleus, Part 1. The Action of Sodium 
on o-Phenylenediacetic Ester, 


By WiLLUM Henry Perkin, jun., and Alan Francis Titley. 


The present communication is an introduction to a series of 
researches which has for its principal objects, (i) the determination 
of the limit of size of rings which can be attroched to the o-position 
in the benzene nucleus, and (ii) the investigation of the possibility 
of synthesising such rings in the m- and p-series. It is proposed, 
in the first place, to study the action of sodium on such types of 
o-esters as the following : 

/\[CHj];C02Et ^ /\[CH,];COjEt 

and then to investigate the changes whicli take place when the 
reaction is carried out with the corresponding esters of the tn- and 
p-serics.* The present communication embodies the results of a 
preliminary examination of the action of sodium on o*phenyiene- 
diacetic ester (I). 

The solution of this ester in toluene reacts readily with granulated 


* m only investigatidn of ring formation of this kind which appears 
to have been earned out previously is due to Kenner {T., 1913, 103, 613), 
2:2' ditolyl..a,'.dicarb 0 )cylic ester, 

<->•£1^ vjJclj LUjKt 

(i,H**CH|*COsEt 3:5.dibenzo.^8:5-oycloheptadiene-l-one.2- 

ear oxy ic ester, | produced to the extent of 80 per cent. 
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sodium at 100° with the separation of the sodium derivative of 
2-hydri7id(me'l-carboxylic ester (II) in a yield of 90 per cent, of that 
theoretically possible. 

/\/CH,-CO,Et /\/CH2\ 

(I.) II — > I I ^CO , (11.) 

^/^CHj-COjEt ^/^CXa-COjEt 


2-f!tjdrindone~l-carboxylic ester, yCO (Ila), obtained 

- ^OH'COjEt 

from the sodium derivative by acidifying, melts at 65° and dis- 
solves readily in sodium hydroxide with the formation of the 
above sodium derivative, which is rather sparingly soluble and non- 
hygroscopic. The alcoholic solution of the ester gives a deep purple 
coloration with ferric chloride and yields, with copper acetate, a 
crystalline copper derivative of uncertain composition. Attempts 
to obtain the free acid from the ester by hydrolysis under a variety 
of conditions have been unsuccessful. The ester is remarkably 
titable to alkalis and is only very slowly changed by contact with 
dilute methyhalcoholic potassium hydroxide in the cold or indeed 
even on boiling on the watcT-bath. More vigorous hydrolysis with 
a large excess of strong alcoholic potassium hydroxide brings about 
a breakdown of the ring wnth the formation of o-phenylenediacetie 
acid together wdth a quantity of resinous material consisting prob- 
ably of condensation product.s of 2-hj'drindone (compare Benedict, 
Aunalen, 1893, 275, 353). On the other hand, the ester readily 
suffers hydrolysis on boiling witli dilute sulphuric acid, carbon 
dioxide is eliminated and an alino.st quantitative yield of 2- hydrin- 


/OH, 

done, ^00 (III.), obtained. 


'i'hc alcoholic solution of 


the ester reacts at once wuth phenylhydrazine with the simul- 
taneous formation of the plichfjUnjdrazone (H') and of the phenyl- 
hjidrazone phenylhydrazidv (\'), ^vliVli molt respectively at 17(V' and 
187°; the yi-nUrophonjJliydrdzone (m. p. 154- ) has also been 
prepared : 


CH.. 

<'W4( /C:X‘NHPh ^C:N-NHPh (V.) 

' Xm-COgKt ^eH-OO'NH-NHPh 

b'nsuccessful attempts to '('ibtain the corresponding pvTazoIone 
H to the observation that the phtuiylhvdrazone loses ammonia 

3i2 
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on heating, and this suggested that indole formation probably 
takes place readily. 

It was then found that the phenylhydrazone, when heated in 
acetic acid solution a little abo ve 100*^, is completely converted into 
an amorphous product, from which two crystalline substances 
of the empirical formula, melting at 185° and 244° 

respectively, could be separated. 

It seems probable that the substance of lower melting-point is 
2:'^4ndeno{2\\)i7idole,carhoxylk ester (I) (compare Armit and 
Robinson, this voL, p. 838), 


(VL), 


NH CII-CO^Et 

and that the less fusible substance is derived from it by polymerisa- 
tion or isomeric change. The main product of the reaction 
however, consists of an uncrystallisable resin, and it is probable 
that the indole synthesis is complicated by the presence of the 
carbetho xy -group . 

This suggested that the indole formation from the liydrazone 
of 2-hydrindone itself might repay investigation, and some experi- 
ments on this point were in progress when an account of indole 
synthesis from this ketone was published by Armit and Robinson 
(for. cit.) ; the work was accordingly discontinued. 

X-Mdhyl-^-hydrindoheA-cn rhoxyl ie e ster , 


C«H,< 


)CO (Vn.; 


CMe-CO.Kt 


readily obtained by the action of [uethyl iodide on th(> sodium 
derivative^ of 2-hydrindone-l-carboxylic cstm*. is a liquid which 
boils at 1/8 170“/2i5 mm. and yields a ’SOfiiau'lMtzone (m, p. 200 ) 
and a ^-niirophenylhydrazont {m. p. 175— 170-). 

On alkaline hydrolysis, this ester yields c-phenvlemvietdic-Ji- 
tiropionic add, niin <-,• , 

* ^Xchmc'Co.h 

already been prepared by Moote and Thorpe 11H)8 93 18-’| 

It was expeeted that add hydrolysis would yield I’methyl’’- 

r 
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Expebimbntal. 

O'Phenylenediacelic Ester {Formula I). — The starting material 
used In the preparation of this ester was o-xylene, which was 
first converted into o-xy lylenc dibromide. The dibromination of 
o-xylene has been described by Perkin (T., 1888, 53, 5) and rein- 
vestigated by Atkinson and Thorpe (T., 1907, 91 , 1696), and a yield 
of about 70 per cent, of the dibromido can be obtained by direct 
dibromination, under the conditions recommended. 

The dibromide was converted into o-phenylenediacetonitrile 
by the action of aqueous -alcoholic sodium cyanide in the manner 
described by Moore and Thorpe {loc. cil.y p. 175). It is unfortunate, 
in view of the difficulty of obtaining the necessary starting material — 
pure o-xylene — that the yield in this conversion is by no means 
quantitative, a considerable amount of oily by-products being 
formed. A brief study of the effect on the yield, produced by vary- 
inty the proportion of alcohol in the water- alcohol mixture u.sed 
as solvent, brought to light the unexpected ro.sult that the ^deld 
of nitrile is very greatly decrea.sed by carrying out the reaction in 
anhydrous ethyl or methyl alcohol The yield ^vas indeed slightly 
improved l)y using a rather lai’ger proportion of water in the 
mixture than that recommended by the above authors. 

The nitrile was conveniently and quantitatively converted into 
o-phenylenediacetic ester by simultaneous hydrolysis and esterifica- 
tion with alcoholic hydrochloric acid, 

0- Phenylenediacctonitrilc (25 grams) uas di.'^solved in ethyl 
alcohol (150 c.e.) and the solution saturated in the cold with dry 
hydrogen chloride gas. On boiling under reflux on the water- bath 
for three to four hours, a copious deposit of ammonium chloride was 
formed and, after cooling, this was filtered olf and washed with 
a little alcohol The filtrate and washings evaporated to a 
small lujlk under slightly diminished pressure and poured into water, 
when the ester separated a.s a dark Iwown, heavy oil After extrac- 
tion with ether, washing the etluTeal solution with dilute sodium 
carbonate, and drying witli potassium carbonate, t])e <‘ster w'as 
fractionated und(T reduced pr(\<.'^iiri\ 

O'Phonylcncdiacet ic ester boils at 1711- — 174 i\0 lum. and is a 
colourless, almost odourless litpiid <if high density (compare vou 
Braun, Ber., 1016, 49 , 2042) (Found ; F — 66*8; 11 “ 7-J. Calc., 

1- 67*2; 11 7*2 per ('<*nt.). 

d small .quantity of the ester, on hydrolysis witli an excess of 
^tlcoliolic potash in a sealed tube, gave a gocal yield of the acid, wliiejj, 
t'ithout recrystalJisation, melted at ir>t)“ (compare Baeyer and 
V, Bf'r., 1884, 17 , 447). 
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‘^-Hydrindom-X-carboxylic Ester (Formula Ild). — In prepaaring 
this ester, metallic sodium (5 grams) was granulated under toluene 
(75 grams), heated at lOC^, and o-phenylenediacetio ester (24 grams), 
dissolved in toluene (50 grams), was added slowly from a dropping- 
funnel, when interaction took place at once with formation of a 
bulky, gelatinous sodium derivative. After all the ester had been 
added, the mixture was heated for a further two hours on the 
water-bath, and, when no further change appeared to take place, 
the whole was kept for twelves hours, during which a semi-solid 
mass of brown sodium compounds separated. About 5(X) grams 
of ice water and powdered ice Avere then added and the whole 
shaken until ail the sodium derivative had dissolved. After 


separating from the toluene layer, the alkaline solution was 
extracted with ether, and the a{][ueous la 3 ^er freed from dissolved 
ether by a stream of air. It was then cooled in a freezing mixture 
and acidified with dilute hydrochloric acid. A large quantity 
of a yellow oil separated, which soon became solid and could be 
collected by the aid of the pump and dried on porous porcelain. 
This crude 2 -hydrindone-l -carboxylic ester is a flaky, yellow solid 
readily soluble in most organic solvents except light petroleum, 
and the yield obtained varies between 80 and 90 per cent. It 
crystallises from alcohol in nareow prisms of a pale yellow colour, 
and has a faint but agreeable smell. By anotiier re crystallisation 
from a very small quantity of ether it can be obtained quite 
colourless and melts sharply at (hf. This crystalline material 


on preservation, however, gradually becomes sticky (Found: 
C = 70*4 ; H ^ 5*9. 2 H 12 O 0 requires C ^ 70-6 ; H 5-9 per cent.). 

The alcoholic solution of the ester gives a deep purple coloration 
with ferric chloride and a well-defined copper salt with copper 
acetate. The properties of this copper salt are rather unusual. 
It separates as a bluish- violet, flocculent precipitate (m mixing an 
alcoholic solution of the ester ^rith an aqueous solution of copper 
acetate, and, aft(T collecting by the aid of the j.ump and wa.shing 
with water, alcohol, and a little ether, mclls at 233°, It dissolves 
fairly readily in warm chloroform forming a dark, rather purplish- 
red solution, and wiien this .solid ion is dihded with alcohol it assumes 
an orange colour and the ..alt slowly separates in small needles, 
which, after filtering and washing with alcohol, have a pale yellow 
colour, The melting point (234°) is, howc^TT, practically unchanged 
by this treatment. 
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The following molecular- weight determinations were made at 
different concentrations : 

04677 Gram, 1'0059 grams, and 1'3220 grams of 2-hydrindone- 
carboxylic ester, respectively, dissolved in 20-8928 grams of glacial 
acetic acid, depressed the freezing point by 0-418°, 0-868°, and 
1-109°, whence M ~ 208, 216, and 222-5 (Calc, for CjgHjgOg, 
U = 204). 

The constitution of the ester is placed Ixjyond doubt by the fact 
that on acid hydrolysis it is almost quantitatively converted into 
2'hydrindone. 

2-Hydrindone-l -carboxylic ester (10 grams) is mixed with 20 per 
cent, sulphuric acid (50 c.c.) and heated on the water -bath for one 
hour, after which steam is passed into the mixture; the ketone 
distils readily and solidifies in the condenser and receiver in 
glittering needles. By recrystallisation from dilute alcohol, long, 
colourless needles are obtained which melt at 59 — 60° (compare 
Moore and Thorpe, he. ciL, p. 186) (Found : C = 81-5; H = 6-14. 
Calc., C = 81‘8 ; H — 6-06 per cent.). 

The conversion by the above method is almost quantitative, 
but if the hydrolysis is effected with a mixture of equal quantities 
of concentrated hydrochloric acid and water under the same 
conditions a yield of only about 10 ]>er cent, of 2-hydrindone is 
obtained. The main product is a brown, non-volatile, rather 
resinous-looking substance, which remains in the flask after the 
steam distillation. This material, after collecting by the aid of 
the pump and washing with ether, in which it was only very slightly 
soluble, was recrystallised from chloroform, from which it separated 
in irregular rhombohedra melting at 165 — 166°, and proved to be 
aahydro-bis-2-hydrindono (compare Heusler and Schieffer, Ber., 
18119,32, 32) Found: 0 = 87-6; H = 5-8. Calc., C = 87-8; 
H — 5-7 per cent.). 

2-Hydrindonecarboxylic ester is remarkably stable to alkaline 
hydrolysis. It is practically unattacked by two days’ standing in 
the cold with an excess of dilute alcoholic potash, whilst, on boiling 
for a short time with a strong aqueous solution of sodium hydroxide, 
a bulky, white precipitate of the sodium derivative is obtained, 
which is only moderately soluble in water and quite non-hygro- 
scopic. On more vigorous hydrolysis with concentrated methyl- 
alcoholic potash, o-phenylenediacetic acid is obtained. 

2'Hydrindonecarl>oxylic ester (5 grams) was boiled with a con- 
siderable- excess of 15 per cent, methyl-alcoholic potash for tw-o 
hours under reflux. The ^ark coloured solution was evaporated 
rith water until free from methyl alcohol, concentrated to a small 
hiilk and, when cold, filtered from the insoluble, resinous material 
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present. On acidifying with dilute hydrochloric acid, o-phenylene- 
diacetic acid separated in yellowish-white flocks; after two 
recrystallisatious from hot water, it melted at 150°. 

2-Hpdri7idone-\ -carboxylic Ester Pkenylkydrazone (Formula IV).— 
An alcoholic solution of 2-hydrindonecarboxylic ester (2 grams) is 
mixed with an alcoholic solution of phenylhydrazine (1 gram), 
and after about a minute a voluminous, crystalline precipitate will 
appear. This phenylhydrazone forms long, straw-coloured needles, 
which dissolve fairly readily in boiling alcohol, but are almost 
completely insoluble in the cold solvent. It melts to a deep brown 
liquid at 176—177° (Found : N ^ 9*58. Ci^HjgOjNg requires 
N ~ 9'52 per cent.). 

The mother-liquor, on evaporation, leaves a residue of dark 
coloured, crystalline material, which, on recrystailisation from ethyl 
acetate, forms small, compact clusters of orange needles which melt 
with decomposition at 188° and appear to consist of the phenyl- 
hydrazone of the phenylhydrazide of 2-hydrindonecarboxylic acid 
(formula V) (Found : C - 73*8 ; H = 5*46 ; N = 16*0. 
requires C = 74-1; H — 5*6; N — 15*8 per cent.). 

Conversion oj 2-hydrindone-l-carboxylic Ester Pkenylkydrazone into 
2 : 3-/nde7io{2 : \.)-{ndokcarboxyUc ^7s^er-l (Formula VI). — In pre- 
paring the latter substance, the phenylhydrazone 5 grams) was 
dissolved in glacial acetic acid (40 grams), and the mixture heated 
at 105°. The solution, which is at first light yellow, gradually 
darkens and, after an hour, develops a deep red colour with a green 
sheen by reflected light. When cold, it is poured into about five 
times its volume of water and allowed to stand, and the copiou.s 
green flocculent precipitate which separates is collected, thoroughly 
washed with water, and dried at 60—80°. The crude product is an 
amorphous, bluish-green powder which commences to sinter at 
90° and melts over the range 120—140°. This crude product is 
extracted with 50 c.c. of warm methyl alcohol, in which the main 
portion is insoluble and remains in the flask as a brown tar, which 
hardens, when quite cold, to a resin. The red methyl-alcoholic 
solution is poured into a large volume of ether, the clear solution 
washed with water until free from n\cthyl alcohol, the ethereal 
solution dried with calcium chloride, and the ether distilled off, 
until the solution becomes cloudy. On standing, there is a gradua! 
deposition of a nearly colourless substance, although in very small 
quantity, which, after filtering and washing with ether, is faintly 
yellow in colour, melts at 183 — 185°, and appears under the micro- 
scope as a mass of very small needles, A further (juantity can be 
obtained by evaporating the ether inCfiher-liquor to dryncs.s, ex- 
tracting with benzene, boiling the benzene solution with animal 



ATTACHED TO THE BENZENE NUCLEUS, ETC. 


1569 


charcoal, and adding light petroleum to the filtered solution. The 
material obtained in this way was less crystalline in appearance, 
but had a slightly higher melting point (185 — 186"^), and there was 
no lowering of the melting point on mixing the two samples (Found : 
0 = 77*6 ; H = 5’3 ; N = 5-2. Ci8Hi;i02N requires C = 77*9 ; 
H = 5'4; N — 5*1 per cent.). 

The substance dissolves in concentrated sulphuric acid with a 
beautiful green colour which, on standing or warming, changes to 
a rich blue. The indole “ pine-chip ’’ reaction gave a claret- 
coloured stain, much deeper than the usual bright pink coloration, 
but less immediate. 

The methyl-alcoholic solution, if kept for .some time, deposits a 
crystalline substance which does not dissolve on warming. This 
substance separates in small, colourless leaflets, which in the air 
gradually take on a green tinge, and melts quite sharply at 244®. 
It can also be obtained in small quantity by repeated extraction 
of the resinous material, insoluble in methyl alcohol (mentioned 
above), with benzene. The benzene solution is precipitated with 
light petroleum, the insoluble part redi.ssolved in benzene and again 
precipitated until free from tarry matter. This higher- melting 
material appears to be a polymcride or isomeride of the substance 
of melting jx>int 185®. It gives the same colour reaction with sul- 
phuric acid, but docs not give the “ pine-chip ’’ reaction (Found : 
C=78'3; H — 5'3. requires C = 77-9 ; H — 5'4 per 

cent.). 

The ^‘nitrophenylhydrazone of 2-hydrindone-l -carboxylic ester 
is readily obtained in the same maniuT a.s the phenylhydrazone 
(p. 1568). It forms orange needles melting at 154® (Found : 
X = 12‘4. CjgHj^O^Ng requires X = 12'4 per cent.), 

It wa.s thought po.s.siblc that the jy-nitroj^henyl hydra zone might 
undergo indole formation more easily tlian the })henylhYdrazone 
and yield a cleaner product. The reverse, however, was found to 
he the case, and it was necessary to l>oil the acetic acid .solution for 
several hours to complete the reaction. The product contained 
more tarry and rc.sinous material than that obtained from the 
pbenylhydrazonc and ^vas not further investigated. 

Vyiithyl- '1-h ydri ndon c- 1 -rn rhoxyJ ir ( Formula V II ) .- 2- Hy - 

<irmdonecarboxylic ester (10 grams) was converted into the 
sodium derivative by adding the ethereal solution to sodium, 
previously granulated uiuler xylene. The .sodium derivative was 
collected by the aid of the pump, washed with a little ether, sus- 
Fnded in alcohol, and metlnl iodide (7*5 grams) gradually added; 
the mixture was then boilea under reflux for three hours on the 
^ater-bath. The bulk of the alcohol w'aa distilled off, the residue 

3l* 
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poured into water, the ester extracted with ether, dried, and frac- 
tionated under reduced pressure, when it boded at 178 — i79®/25 mm, 
with slight decomposition. The distillate, which was faintly yellow 
in colour, had a pleasant odour and was insoluble in alkali, whilst 
the alcoholic solution gave no coloration with ferric chloride {Found : 
C=71'0; H = 6-4. requires C = 71-5; H = 6-4 per 

cent.). 

The semicarhazone is readily obtained by warming the ester in 
methybalcoholic solution with semicarbazide hydrochloride and 
sodium acetate. It crystallises well in small, colourless needles 
which melt with decomposition at 200^ (Found: 0 = 61 * 5 ; 
H = 6'3; N = I5-6, Cj 4 H^ 703 Ng requires C = 6M; -H = 6 * 2 ; 
N = 15-3 per cent,). 

The condensation product of phenylhydrazine with the ester 
was an oil which could not be induced to crystallise, hut a y-nitro- 
phenylhydrdzone was obtained by shaking the ester with an aqueous 
solution of p-nitrophenylhydrazine hydrochloride to which a few 
drops of alcohol had been added. The oily condensation product 
first formed solidified on long standing and, on recrystallisation 
from alcohol, small, orange prisms were obtained of m.p. 175 — 
(Found : N = U‘94. requires N = 11-96 per cent.). 

In view of the ease with which 2“hydrindone-l-carboxylic ester 
undergoes acid hydrolysis, it was expected that the methyl deriv- 
ative would also be fairly readily hydrolysed by acids, with the 
production of cither 1 -methyl- 2- hydriudone l-carl)oxylic acid or 
the methyI-2-hydrindone which has been previously described by 
Wallach {loc. dt.), who prepared it by the reduction of nitromethyl- 
indene. It was, however, found that the aster is remarkably 
resistant to acid hydrolysis. On heating for several hours with 
either 20 per cent, sulphuric acid or 50 per cent, liydrochloric acid 
and subsequently steam-distilling, practically the whole of the 
material was recovered unehanged, being identified by the boiling 
point and by conversion to the semicarbazone. By more vigorous 
treatment with a mixture of 1 : 10-siilphuric acid in glacial acetic 
acid, a dark red oil was obtained w-hich. however, showed no 
acidic properties and decomposed completely when distilled, even 
under very reduced pressure. No crystalline derivative could be 
obtained either with semicarbazide or p-nitrophonyl hydrazine. 

Alkaline hydrolysis, however, takes place very readily, with the 
result that the hydrindene ring is opened and o-j)henyleneacetic- 
p'propionic acid (VIII) is produced. 

The ester (5 grams) was mixed with 15 per cent, methyl-alcoholic 
potash (10 grams). Heat was developed, and after about five 
minutes a semi-solid mass of the potassium salt was formed, which 
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^as collected, washed with a little methyl alcohol, and dissolved 
in water. The aqueous solution, after extraction with ether to 
remove traces of oil, was acidified, when the acid separated in 
clusters of glittering needles which, after one recrystaltisation from 
dilute alcohol, melted at 152 — 153 ° (Found : C = 63*3; H = 5*8. 
Calc., C = 63*4; H = 5*8 per cent.). 

One of us (A. F. T.) wishes to make acknowledgment to the 
Commissioners of the Exhibition of 1851 for a scholarship with the 
aid of which much of this work was carried out. 

The Dyson Perrins Laboratory, 

Oxford. [Received, July 2(ith, 1922.] 


CLXXXyn.—Cevadine. Part L 

By Alexander Killev Macbkth and Robekt Robinson. 

In 1855 Merck found that the aniorphou.s mixture of bases termed 
veratrine,’’ first isolated in 1818 by Meissner from the seeds of 
Xeroirim Sahadilla, contains, along with other substances, a crystal- 
liue alkaloid which was (h\^ignated cevadine. The empirical 
formula, f- 32 H 4909 N, was established by Wright and Luff (T., 1878, 
33 , 338), who also elTectcd the liydrolysis of tin* base l>y means of 
,vater in sealed tubes or \\ith alcoholic sodium hydroxide and udth 
[ii-oduetion of covine, (' 2713430 j^X, and tiglic acid. 032 H 490 gX -f 
H^U - C’^TH^sOgN + OgHgO^. ' Rossetti [Arch. IJmrm., 1883, 221 , 
87 ; Jakreabtr., 1SS3, 1357) and Ahrens [Btr., IStMi, 23 , 2706) con- 
cliided from their further exjxTiments that cevadiiu* is an ester of 
angelic acid, whilst, on the other hand, Horst [Chem. Ztg,, 1002, 
26, 334) maintained the original view of Wriglit and Luff, since he 
{uiiiid that etliyl tighite was fur ined l)y tlie ar t ion of ethyl- alcoholic 
hydrochloric acid on cevadine. Under tiu‘S(‘ conditions angeUc 
acid is not transmuted into the st<'n’oisomeric tiglie acid, and it Ls to 
be inferred that cevadine is cevinv tiglate. Freund and Schwarz 
[Bcr., 1S99, 32 , 8 (K)) were the first to isolate cevine in a crystalline 
Mulition. The.sc authors luNitcd c< vadiiic u ith alcoholic potassium 
hydroxide, and, on cooling, a ]inta.s.siuin compound of cevine 
separated as a mass of slender tu'cdlcs, According to Hess and 
Mohr [Ikr., 1919, 52 , [B], 1984), this derivative has the com- 
position C^7H420yNK,Et0K or C 2 ;H 4 iOgXK 2 ,EtOH. Cevine itself 
obtained l>y passing a c^ent of carbon dioxide througli an 
solution of this salt. According to Biiignct (Jahro^bfr,, 
1^31, 49 ), cevadine is optically umetive, Imt we have found that it 

31^2 
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is feebly dextrorotatory, 'whilst cevine is Isevorotatory. In alcoholic 
solution, o*nitrobenzoylcevadine and di-o>nitrobenzoylce'vane have 
[ap^ — — 37 and — 54-7'^, respectively, and the preparation of 
these substances furnishes confirmatory evidence that cevadine 
contains one, and cevine two, alcoholic hydroxyl groups. 

In a discussion of the occurrence of optically inactive bases in 
plants, Hess and Weltzien (5er., 1920, 53, [B], 122) mention the 
cases of cryptopine, aribine, and cevadine, now shown to occur in 
an active form. It is strange, in view of the exhaustive work of 
Perkin (T., 1916, 109, 815; 1919, 115, 713), that it should be 
possible to make the statemfnt that the constitution of cryptopine 
is still undetermined, whilst aribine is now known to be identical 
with barman, and, like cryptopine and pvot opine, its molecule does 
not contain an asymmetric carbon atom. 

It is difficult to reconcile the composition of cevine and cevadine 
with the formation of a potassium cevine except on the assumption 
that this substance is the salt of an unstable hydroxy- acid produced 
by the opening of a lactone ring, especially since cevine exhibits 
no phenolic character. Attempted esterification of cevine with 
methyl-alcoholic hydrochloric acid resulted in amorphous products 
which gave low results in Zciscl estimations. Nevertheless it 
appears that partial esterification occurs, and in this connexion 
it may be remarked that cevadine gave negative results in Zeisoi 
estimations. This is contrary to the statement of Frankforter 
{Amer. Chem. J., 1898, 20, 361), who considers that the cevadine 
molecule contains one methox}^ group. The destructive distilla- 
tion of cevadine has been stated by Ahrens {Joe. cii.) to yield, amongst 
other products, p-pieoline, a little p-pjpccoline, and fsobutylene, 
the last possibly arising from the tiglic acid portion of the mole- 
cule. Kunz-Krause {Pharm. Zpntr.-h., 1898, 39, 841) observed that 
when “veratrine’’ is evaporated with nitric acid {d 1*4) and the 
residue treated with alcoholic potassium hydroxide, the mixture 
turns blood -red and an odour of coniine is produced, This was 
confirmed by Kondakoff {Ckm. 1899, 23, 4), who attributes 
the odour decisively to coniine and not to p.-picolmc. By dis- 
tillation of cevine with soda -lime in an atmospluu’e of iiydrogdi. 
wc have been able to isolate in small yield a base uhich we believe 
to be ^-coniine. The evidence is unfortunately not quite decisive 
(see p. 1576) owing to the fact that an authentic spociinen of /-coniine 
is not available for purposes of identification,* but we have little 
doubt as to the accuracy of the view wc take of the nature of this 
decomposition product. The valuot of conclusions derived from 

A comparison of the acid btortrates of synthetical /-coniine and of 
the baao from cevine will subsequently lie attempted. 
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the results of experiments at relatively high temperatures is justly 
discounted, but the production of such a substance as i-coniine 
scarcely falls in the category to which this criticism is applicable, 
and in view of the saturated character of the coniine molecule 
and the tertiary basic nature of cevadine it would appear to be a 
reasonable deduction that the coniine fragment is attached to the 
rest of the molecule through the nitrogen atom. The following 
formula for cevadine expresses this view : 

CHMe!CMe*CO-0 - - 
HO- 
(X)- 

0 ^ - 

On the basis of such an assumption, cevadine is a derivative of 
a substance, CjgH 3 ^ 04 , to which only eight hydrogen atoms must 
bo added to produce a completely saturated compound. The 
occurrence of a benzene nucleus in the molecule is therefore just 
possible, but also improbable, since this would absorb the whole 
of the available unsaturation, leaving no room for the occurrence 
of alieyclic or oxide rings. 

Experiments on the oxidation of cevine have up to the present 
been fruitless. When potassium permanganate in acetone solution 
was employed, the products were resinous acids from which nothing 
crvstallinc could be obtained. Potassium dicliromatc and dilute 
sulphuric acid gave a trace of acetone, only recognisable on account 
of the delicate reaction with alkaline silver mercury cyanide {Scott- 
^\ils(m, J. Physiol., lull, 42, 444). Nitric acid produces under 
various coiulitions a yellow gum whi(‘h doC's not crystallise. This 
douhtles.s consists ])artly of an acyl derivative of coniine, since it is 
only oil this hypothesis that the survival of any coniine in the 
Kunz-Krause reaction is exj)lieable. 


^'18^25^4 


Pr 

(JH-CH, 




E .\ V K II I K \ T A c. 

()]>f{c(d Aefivily of ( U rodinr. 

Some further analyses of eey’adine may be recorded (Found ■ 
C .= M.8, M-!); H-8.;!, 8-4; X .. 2.3, 2.3. ('3,H„0,X roquiros 
^-0o‘O; N --- 2*4 per cent.). 

The material u.sed in the following detenu illations was rc- 
frjslaUised from aqueous Vleohol and rlricd in a vacuum at IK)^ 
^ling twenty-four liours and then at 110' during five hours. 
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0- 656 in 55c.c. of ethyl alcohol in a 2-dcm. tube gave a = + 0-30'’ ; 
whence [ag" = + 12-5“. 

1- 039 in 25 c.c. of pyridine in a 2-dcm. tube gave a == -f 0-53° ; 
whence [a]jf — + 6'38‘’. 

1*0 in 25 c.c. of acetone in a 2-dcm. tube gave a = -j- 0-1® ; whence 

[a]f === + ^ 25 ^ 

O’Nitrdbenzoylcevadine was readily obtained by adding o-nitro- 
benzoyl chloride in small quantities at a time to a suspension of 
cevadine in dilute aqueous potassium hydroxide, with vigorous 
shaking after each addition, until the odour of the chloride was 
no longer apparent. The cevadine gradually disappeared and its 
place was taken by a soft, granular precipitate. The substance 
was collected, washed, and dried, hut could not be crystallised 
by treatment with solvents. It was dissolved in dilute aqueous 
tartaric acid and in presence of ether regenerated from the solution 
by means of dilute aqueous sodium hydroxide. The ethereal 
solution was dried by anhydrous potassium carbonate, filtered, 
and allowed to evaporate at the ordinary temperature. The pale 
yellow crystals which separated darken at 220^^ and melt with 
decomposition at 236^ (Found: N — 308. t 3 aTlrj 2 ^i 2^2 requires 
N — 3-8 per cent.). 

0-15 in 25 c.c. of ethyl alcohol in a 2-dcm. tube gave a — — 0-45'’ ; 
whence [o(]}f — — 37-5°. 

llijdrolyds oj Cuadine. 

In the hydrolysis of cevadine by the method of Freund and 
Schwarz (/oc. cit.) it was found to be important to use pure potassium 
hydroxide. Commercial ‘‘ vcratriiie " may be employed for the 
preparation of ceviiie, and the following arc the details of the 
process. Alcohol (200 c.c.), saturated at the boiling point with 
potassium hydroxide, was added to a hot solution of veratrine 
(40 grams) in alcohol (loO c.c.), and the mixture boiled gently 
during half an hour. On cooling, the potassium cevine separated 
as a mass of slender needles, and these were collected by the aid 
of the pump and washed witli ether. Tlie mother-liquor, to 
which the ether washings wercbiot added, was concentrated to 
about half its hulk, and a further croji of potassium cevine was 
obtained, and washed with ether. The salts were separately 
dissolved in water and converted to cevine by passing a stream of 
carbon dioxide. The base was obtained in colourless prisms and 
proved to be identical with the substance prepared from, cevadine. 
The yield from 150 grams of commercial veratrine was 50-5 grams 
of cevine from the first crop of potassiifin derivative and 15-0 grams 
from the second. 27-0 Grams of crude cevine were recovered by 
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evaporation of the mother-liquors from the cevine precipitated by 
carbon dioxide. 

Cevine was crystallised from water containing a little alcohol 
and dried in a vacuum. This product, the composition of which 
is was Isevorotatory. 

2'3278 in 50 c.c. of methyl alcohol in a 2-dcm. tube gave 
(X = — 143®; whence [a]^^’ = — 15'36°. 

1-0704 in 50 c.c. of ethyl alcohol in a 2-dcm. tube gave 
0-75®; whence = — 17*52® (Diluted with an equal • 
volume of water, [a]Jf = — 18*68®). 

0-203 in 25 c.c. of acetone in a 2-dcm. tube gave a = — 0-5°; 
whence [a^ = — 30*8°. 

A solution of cevine (5 grams) in 6 per cent, methyl-alcoholic 
hydrochloric acid (50 c.c.) was boiled under reflux during an hour, 
allowed to remain for twelve hours, and then boiled during a further 
three hours. Silver carbonate was then added to remove hydro- 
chloric acid, and animal charcoal to remove coloured impurities, 
and the liquid boiled and filtered . The methyl alcohol was removed 
by distillation, and the residue twice ground up with ether, which 
was subsequently evaporated. All possible remaining traces of 
methyl alcohol were then eliminated by drying the amorphous 
residue at 100®/10 mm. during four hours. In a Zeisel estimation, 
formation of methyl iodide began at 110® [Found : MeO = 4*9. 
req'ilres OMe — 5-9 per cent.]. 

The washing and drying were then repeated, and in the product 
there was again found : MeO = 4-7 per cent. 

Attempts to purify the substance by crystallisation were un- 
successful. 

Di{o-nitrobenzoyl)cevi7ie was prepared from cevine and o-nitro- 
benzoyl chloride by the Schot ten- Baumann method. The granular 
product was collected, dissolved in alcohol containing a little 
-acetic acid, and recovered by the addition of the solution to very 
dilute ammonia. After collecting and thoroughly washing the 
precipitate, it was dried in a vacuum at the ordinary temperature 
and then at 100®. The pale yellow powder is readily soluble in 
alcohol or ether and melts at 17»® after softening at 160® (Found : 

C — 60’6; H — 6 0; N ~ 5-3. C41H49O1JN3 requires C — 61'0; 

H = 61 ; N - 5’2 per cent.). 

O' 193 Gram, dissolved in 20 c.c. of alcohol, was boiled under 
reflux with 70 c.c. of titanous chloride solution (18,540 c.c. 
equivalent to 2 grams of Hj), Titration ^rith iron alum then 
showed that 42*7 c.c. of the titanous chloride solution had been 
used in the reduction, ^herefon^ a gram- molecule of di(nitro- 
beiizoyl)cevinc requires TiClg eiiuivalcnt to 612 Hj, and the 
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molecule contains two nitro-groups. Di(o-nitrobenzoyl)cevine is 
laevorotatory : 

0-24 in 25 (f.c. of alcohol in a 2-dcm. tube gave a= -I’OS^ 
whence [ajjj'” — — 


\-Conime {1)from Cevine. 

The Kunz-Krause-Kondakoff reaction (see p. 1572) is given by 
cevadine and cevine, but the base is produced in excessively 
minute amount. We have isolated it by steam distillation from 
the alkaline solution, neutralisation and concentration of the dis- 
tillate, and recovery by addition of potassium hydroxide and 
extraction with ether. The residue, after removal of the solvent, 
had the powerful and characteristic odour of coniine and gave 
positive results in the Vital i and Stroppa {L'OTosi, 1900, 23 , 73) 
and Melzer (2. ami Ckem., 1898, 37 , 354) reactions. 

Distillation of cevine with zinc dust in a stream of hydrogen 
also produces a base having the odour of coniine and giving a 
strong Vitali reaction and a picrate soluble in ether. Better 
results were obtained when cevine was mixed with a large excess 
of soda-hme and carefully distilled in a stream of hydrogen. A 
strongly alkaline aqueous distillate, in which was suspended drops 
of a reddish-brown oil, was collected. The w^hole was acidified 
with hydrochloric acid and extracted with ether several times to 
remove traces of neutral substances, after which the separated 
aqueous layer was concentrated under greatly reduced pressure. 
The base was set free by the addition of an excess of sodium 
hydroxide and distilled in steam. The distillate w’as just acidified 
with hydrochloric acid and evaporated to dryness in a vacuum. 
During this treatment the solution developed a pink colour chang- 
ing to blue, and this behaviour is characteristic of coniine. The 
dry hydrochloride was extracted with absolute alcohol to separate 
any ammonium chloride which might be present, and the extract 
evaporated to dryness, mixed with concentrated aqueous sodium 
hydroxide, and the base again distilled in a current of steam. 
The distillate was thoroughly extracted with ether, and the com- 
bined extracts were dried with anhydrous sodium sulphate and 
evaporated to about 30 c.c. Twenty-five c.c. of the solution were 
employed for a determination of rotatory power (2-dcm. tube), and 
found, on evaporation and heating at 60° until the w'eight was 
constant, to contain 0*962 gram of the base {a — —1*16°; whence 
= —15*08°). This base boils at 168 — 170°, but on account 
o^ the small quantity available some superheating could not be 
avoided. It has the odour of coniine and gives the colour reactions 
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of this substance described by Vitali and Stroppa {loc. cit.), Oabutti 
[Chem. CerUr.t 1906, 11, 74), and Sanchez {ibid,, 1921, IV, 559). 
On treatment of a solution in dilute hydrochloric aci& with nitrous 
acid, it yielded a nitroso- derivative, which was taken up in ether. 
After washing with sodium carbonate to remove nitrous acid, the 
ethereal solution was evaporated and the residue gave a strong 
Licbermann reaction. 

The salts, except the platinichloride, could not be crystallised. 
The picrate, soluble in ether, melted at 74°; the platinichloride 
melted at 173-174° {Found: Pt - 29-8. 
requires Pt ^ 29*3 per cent.). 

According to Lolfler and Friedrich [Ber., 1909, 42, 107), /-coniine 
boils at 166° and has [a]})^“ = — 15'3°. Its platinichloride melts 
at 175°. 

These distillation methods are very wasteful, and further 
progress as well as more definite identification of the supposed 
i-coniine is dependent on the discovery of a more gentle process 
of decomposition, but the problem is a very difficult one, 

Cheaiistby Keseabch Laboratory, 

United College of St. Salvator and St. Leonard, 

The University, St. Andrews. [Received, July loth, 1922.] 


CLXXXVin.“i4 Synthesis of Pyrylium Salts of 
A nihocyanid in Type, 

By David Doig Pratt and Robert Robinson. 

Among the more generally applicable syntheses of anhydropyranol 
(p}Tvlium} salts there are two whicli are pre-eminently convenient, 
and in effect both depend on llie^ condensation of a phenol, com- 
monly a polyhydric phenol, a carboxylic acid, and a substance 
containing the group CH^'CO, the last usually being a ketone. In 
the process developed by Billow and his collaborators,* a p-di- 
kftone or hydroxym ethylene ketone is condensed with a reactive 
[thenol by means of hydrogen chloride, whilst in that of Perkin 

‘ Billow and Wagner, R«r., 1901, 34 , 1195; compare also A., 1901, 
U03; 1902, i, 112, 113, 484, J54 ; 1903, i, 272, 357, 647, 715; 1904, i, 
^2,262, 609 ; 1905, i, 149, 150; 1906, i, 201, 300, 598, 966. 
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and Robinson* and of Decker and Fellenberg an o-hydroxy. 
aldehyde is condensed with a substance containing the group 
CH 2 *C 0 . a typical example is illustrated below, and the relation 
between the two methods will be seen to be precisely that existing 
between the syntheses of coumarin derivatives due to Pechmann 
and Perkin, respectively. 


H0/\0H 

HO'CH 


Cl 

nA/ 


HCl 


Hor Noh 

\/CHO 


COPh 
+ fcH3 


An important modification of the o-hydroxy- aldehyde synthesis 
consists in producing an o-hydroxystyryl ketone by condensation 
in alkaline solution, and subsequently converting into the pyrylium 
salt by the action of a strong acid. Up to the present, however 
all the salts produced by applications of these reactions have 
been derivatives of benzopyrylium substituted in the pyrylium 
nucleus by various alkyl and aryl groups and, since Willstatter 
and his co-workers have proved in a series of brilliant investiga- 
tions that the anthocyanin plant pigments are derived from 
3-hydroxybenzopyryfium, it became an object to investigate 
conceivable extensions of the above methods to the synthesis of 
salts of the naturally occurring type. After some unprofitable 
search in other directions, we have found that derivatives of 
3-hydroxybenzopyryiium salts arc quite readily prepared Ijy 
condensation of o-hydroxy- aldehydes and w-alkyloxy- or w-aryl- 
oxy-acetophenones. The present communication is of a pre- 
liminary character, and only a few typical examples are included. 
The direct condensation is exemplified by the preparation of 
7-hydroxy-3-ethoxy-2-phenylbenzopyrylium chloride (1), which is 

The firat publication dealing witli this reacliun was a preliminary 
communication (Perkin and Robinson, P., 1907, 19, U9) in which the geneml 
character of the process was clearly stated. In this pajwr, the saltfl were 
formulated as pyranols, but tliLs view was abandoned m a very short time, 
chiefly ae tho result of the analysis of ferrichlorides. A more complete 
account of the work was recorded in 1908 {Perkin, Robinson, and Turner. 
T., 1908, 93, 1085). The papers of Decker and Fellenberg {Ber., 1907, 40, 
3815 ; Annalen, 1907, 356, 281) appeared after the note of Perkin and Robin- 
son in the Proceedings, Tlie credit for the recognition of the anhydro- 
character of the pyranol salts is, houever, due to Werner, who, in a remarkable 
pa^r on the xanthonium and thioxanthonium derivatives (Bcr., 1901, 34, 
3300). established the existence of the pyrylium nucleus, which he caUed 
pyroxonium. Werner also introduced Ihe use of the ferrichlorides which 
have since been so often employed for the characterisation of oxonium bases. 
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obtained in excellent yield when hydrogen chloride is passed 
into a glacial acetic acid solution of equimolecular quantities of 
jS-resorcylaldehyde and w-ethoxyacetophenone. 



COPh 

CHj'OEt 


HCl H0| 


Cl 

/\ 7 o\ 


I 


Ph 

OEt 


(I.) 


3-Ethoxy-2-phenylbenzopyrylium ferrichloride (III) is, on the 
other hand, produced from phenyl 2-hydroxy- ^-ethoxystyryl 
ketono (II), which results from the condensation of salicylaldehyde 
and (i)-ethoxyacetophcnone in methyl -alcoholic solution in presence 
of potassium hydroxide. The unsaturated ketone is converted to 
a pyrylium chloride by means of hydrogen chloride in dry ethereal 
solution, and the salt subsequently changed into the ferrichloride 
in the usual way. 



+ EtO'CHa’COPh -> 


/\ 

I 

\/ 


OH 

.CH:C(OEt)*COPh (Ii.j 


IF 


FeCh 


\nir 


/\/ 0 \ 


Ph 

OEt 


The investigation is being extended in various directions such 
a.s the dealkylation of the salts and the examination of the 
behaviour of 3-alkyloxy- and 3 -hydroxy- pyrylium salts on reduc- 
tion, oxidation, and hydrolysis. In the latter connexion, Decker 
and Becker {Ber., 1922, 55, [/I], 376) liave suggested that the 
hydrolysis of an anthoeyanidiu might be expected to give rise to 
liu'thylphloroglucinoi. This we c<jiisidc‘r highly improbable, and 
in our view the products of the hydrolysis of j)elargonidin, for 
example, should be phloroglueinol, formic acid, and p-hydroxy- 
benzoylcarbinol and possibly small n'lativc amounts of glycoUic 
and p-liydroxybcnzoic acids. But the bciizoylcarbinols would l)e 

* This formula symbol is hero adopted in harmony with modem con- 
<’eptions of tho nature of on turn compounds and because there appears to be 
no reason why the BUpposed arrangement of valencies in the pj’ryliura nucleus 
should be indicated any raor^than in the similar case« of benzene and 
pyridine. Such expressions, moreover, at once suggest the undisputable 
analogies between the benzopyrylium and quinoliniura salts. 



1580 


PRATT AND ROBINSON : A SYNTHESIS OP 


likely to undergo further changes and might pass through the 
hydroxyphenylacotaldehydes to phenylacetic acids, mandelic acids, 
and condensation products, 

EXPEEI MENTAL. 

Phenyl 2-Hydroxy'^-elhoxysfyryl Ketone (Formula II) —A solu- 
tion of w-ethoxyacetophenone * (16 grams), salicylaldehyde (12 
grams), and potassium hydroxide (8 grams) in methyl alcohol 
(200 c.c.) was boiled under reflux during eight hours. The deep 
red solution was added to water and rendered acid by the addition 
of hydrochloric acid, whereby the unsaturated ketone was pre- 
cipitated in silvery leaflets. ’The substance was collected, dried 
(25 grains), and crystallised from methyl alcohol, from which it 
separated in very pale, glistening leaflets melting at 138° (Found : 
C — 76-1 ; H = 5-8. Ci-HigOj requires C — 76-1 ; H ~ 5-9 per cent.). 

This substance is readily soluble in methyl and ethyl alcohols 
and in chloroform, and moderately readily soluble in ether. It 
dissolves in dilute aqueous potassium hydroxide to an orange- 
yellow solution, which is much less intensely coloured than a 
similar solution of salicylideiieacetophenone. The solution in 
concentrated sulphuric acid is bright orange-red 

‘i- Ethoxy -"l-phenylbenzopyrylium F errichloride (Formula III).— 
The unsaturated ketone described in the preceding section is 
partly converted to the corresponding p>Tylium salt when it is 
boiled with a mixture of acetic and hydrochloric acids, but, as 
was found to be the case with phenyl 2- hydroxy styryl ketone 
(Perkin, Robinson, and Turner, loc. eit), the reaction proceeds 
most easily in ethereal solution. 

Phenyl 2-hydroxy- fi-ethoxyst>Tyl ketone (2 grams) was dis- 
solved in pure dry ether (15 c.c.), and a stream of hydrogen 
chloride passed through the liquid during three hours. Tlie solu- 

* Ethyl ethoxyacetate was prepared by condeusation of ethyl chluroacetafe 
and sodium ethoxide in ethyl-alcohoIic solution {Henry, Ber., 1871, 4, 70(i; 
1873, 6, 240). The ester (12 grams) was dissolved in concentrated aqueous 
ammonia solution, and on evaporation ethoxy acetamide (8-5 grams), m. p. 
82^, was obtained. Ethoxyacetic acid^s best prepared from the ester through 
this amide, which ia treated at 90° with nitrous fumes, and the product 
purified by distillation. Ethoxyacetonitrile and «-ethoxyncetophenone 
were prepared by tho excellent methods of Sommolet [Ann. Chbn, Phys.t 
1906, 9, 494, 521). It wa.^ found that the action of magnesium phenyl 
bromide on ethoxyacetonitrile (22 grams) yielded ultimately 26 grams of 
the ethoxy-ketone boiling at 130°/! 5 mm, Tlie ethoxy -derivajtives were 
chosen for the first experiments on account of tho fact that we happened 
to be in possession of considerable quantitKig of ethoxy acetamide. Corre- 
sponding methoxy-compounds are in course of investigation. 
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tion gradually became deep yellow and finally red, and the com- 
pletion of the reaction was indicated by the complete solubility 
of a sample in dilute hydrochloric acid after removal of ether. 
Dilute hydrochloric acid was added to the reaction mixture, and 
after distilling off the ether the solution was boiled and filtered. 

Care must be taken that the concentration of acid is sufficient 
to prevent hydrolysis of the oxonium salt. On the addition of 
an excess of ferric chloride dissolved in concentrated hydrochloric 
acid, the ferrichloride was precipitated as a light chocolate- brovTi 
powder. This was collected, dried in the air, and amounted to 
2-5 grams. The substance crystallises well from acetic acid and 
is obtained in bright golden platelets melting at 121® {Found : in 
material dried at 100®, C^^45-3; H ^-2. 
requires C ~ 45-6; H -■ 3-3 per cent,). 

This salt is readily soluble in hot acetic acid, but sparingly so 
in the cold solvent. It dissolves freely in alcohol and chloroform 
to 3 ^ellow solutions, but is insoluble in water, and this is probably 
due to the coating of the crystals with a superficial layer of the 
related pyranol. 

The yellow solution in concentrated sulphuric acid exhibits a 
pale ivy- green fluorescence. Under similar conditions, the parent 
substance, 2-phenylbenzop\TyIium chloride, develops a blue 
fluorescence, and the effect of an alkyloxy-grouj) in the 3-position 
is thus seen to resemble that of a similar group substituted in 
one of the benzene nuclei. In this connexion it may be remarked 
that the influence of hydroxy- and alk 3 flox 3 '-groups on the colour 
of fluorescence in sulphuric acid solution is much less marked in 
the pyrone types. Thus flavonc and flavonol yield pale blue and 
violet fluorescent solutions respect ivel 3 \ whilst even chr 3 'sin and 
kempferide exhibit blue fluorescences when dissolved in sulphuric 
acid. Many flavonol ghicosidos, however, develop green fluor- 
escence under these conditions. 

Phenyl 2-Hydrox7j-i^-ph(noxysfynjl Kdone. 

OU*CgH^-CH:C(OPh)-F()Ph. 

—A mixture of ‘"-phenoxyacotophenone (Mohlau, Ber., 1882, 
15, 2497) {fi grams), salieylaldehyde (4*5 grams), and methyl- 
alcoholic potassium hydroxide (75 c.c. of 4 per cent.) was boiled 
under reflux during three hours. The red solution was diluted 
with water, filtered until elear. and acidified with Indrochlorio 
acid. The precipitate was collected, v ashed with water, dried 
grams), and crystallised fiann not too much methyl alcohol. 
Almost colourless, silvcr 3 ^ rhombic pri.sms melting at IfiO® were 
obtained (Found : V — 79'7 ; H ~ 5*0. OjilIigOj RHpiircs V 79'7 ; 
H = 5d per cent.). 
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The substance is readily soluble in alcohol, chloroform, ethyl 
acetate or ether, but sparingly soluble in light petroleum. It 
closely resembles the ethoxy- analogue previously described and 
dissolves in aqueous potassium hydroxide to an orange-yellow 
solution, from which a red oily potassium salt separates on the 
addition of more potassium hydroxide. 


FeCl4 

3-Phenoxy‘2-phenylbmzopyrylium FerricMoride, | ] Inpu 


— ^This substance was obtained in excellent yield by the action of 
dry hydrogen chloride on phenyl hydroxyphenoxystyryl ketone in 
ethereal solution, followed by treatment of the product with ferric 
chloride and hydrochloric acid exactly as described above in the 
case of the corresponding ethoxy-derivative. The ferrichloride 
crystallises from acetic acid in golden-yellow, hexagonal prisms 
which melt at 149“" (Found : in material dried at 100®, C — 50-8 ; 
H = 3-1 ; Cl = 28-2. requires C - 50-7 ; H = 3-0 ; 

Cl — 28‘6 per cent.). 

This salt is sparingly soluble in cold acetic acid, but dissolves 
readily in the hot solvent. It is readily soluble in methyl and ethyl 
alcohols and also dissolves in water to a colourless solution which 
doubtless contains the pyranol i/'-basc. In sulphuric acid it yields 
a pale yellow solution which exhibits olive-green fluorescence. 

1 ‘Hydroxy '3'eihoxy-2‘pkenylbe,nzopyrylium Chloride (Formula I). 
— stream of hydrogen chloride w'as passed through a solution of 
(o-ethoxyacetophenone (2 grams) and [i-resorcylaldehyde * (1-6 


* We prepared this substance essentially by the method of Dimroth 
and Zooppritz (.ffer., 1902, 35, 995), but were unable to follow these authors 
at the stage of hydrolysis of the condensation product. ITltiiuately an 
entirely different pi'oeess of hydro l^^sis was devised and tlie following are 
the details of the preparation, which gives good results and is easy to carry 
out. Phosphoryl chloride (10-2 grams) was added to a solution of resorcinol 
(22 grams) and formanilide (24-2 grams) in sufBcient dry ether. The reaction 
soon commenced and was completed by gentle heating on the steam-bath 
during three or four hours. The mixture was allowed to remain over night 
the ether was then decanted, and the yellow mass thoroughly washed with 
fresh ether. The salt was mixed with twenty times its weight of water and, 
if necessary, enough hydrochloric acid to give a reaction to Congo, and 
repeate^y extracted with ether on the shaking machiife. In the final 
extraction only the liquid was saturated with salt. The combined ethereal 
solutions were dried with sodium sulphate, filtered, and the solvent removed. 
The yellow residue of resorcylaldehyde canrbe purified by crystallisation 
from water with the aid of animal charcoal, and the yield amounts to 16 grams 
or 60 per cent, of that theoretically possible. 
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grams) in glacial acetic acid (5 c.c.), when orange.red crystals began 
to separate after an hour, and after a further two hours filled the 
liquid.. The salt was collected, drained as completely as possible, 
washed with ether, and dried (2-5 grams). The acetic acid mother- 
liquor contained a further amount of the same substance, and this 
could be isolated by the addition of ether or employed for the 
preparation of the derivatives described below. The chloride was 
found to be readily soluble in hot dilute hydrochloric acid and 
crystallised on cooling the orange solution in beautiful clusters of 
orange-red needles which, decompose at 210° (Found : in material 
dried over sulphuric acid in a vacuum, C = 67-3 ; H = 4-9 ; 
Cl = 12*0. Ci^HigOgCl requires C = 67*4 ; H = 5-0 ; Cl = 11*7 
per cent.). 

It is remarkable that this salt should prove to be anhydrous, 
as this is a- very unusual property of benzopyrylium chlorides. 
The substance is readily soluble in methyl or ethyl alcohol and in 
sulphuric acid to a yellow solution which exhibits bright apple- 
green fluorescence. The chloride is at once hydrolysed by water 
with production of a deep crimson substance, which is probabl}’’ 
a quinonoid anhydro-basc derived from the y-pyranol. The sub- 
stance is best obtained by tlie addition of sodium acetate to a 
solution of the chloride in dilute hydrochloric acid, and a specimen 
wa.s dried and examined. It dissolves in chloroform to a red 
solution and is sparingly soluble in benz(>ne, separating from a hot 
solution in somewhat ambiguous microervstalline form. It dis- 
solves in methyl alcf)hol to a yvlknv soiution and is probably 
converted into an ether of tlie ])yranol base. On the addition of 
water, a milky suspension is obtained of an almost colourless 
substance, and this is readily converted intt> the oxonium salt by 
the addition of a mineral acid, a clear orange solution btung tlius 
produced. 

The ‘plaiinicklorifk separates in small, bright red needles on the 
addition of plat in ic chloride! to a hot solution of the chloride in 
dilute hydrochloric acid. It is very sparingly soluble in hot dilute 
hvdrocliloric acitl an<l deccunpose's at 225' after darkening at 220° 
[louiid : Ft ” 2U-5. (l^’i 7 Hjj 03 (']) 2 FtCl 4 requires Ft — 20-7 per 
cent.]. 

The firrkhhridf. was prepared in the ustial manner from the 
chloride and was also obtained from the acetic acid motber- 
hquor resulting from the i)reparation of the latter, by the addi- 
tion of a concentrated solution of ferric chloride in h 5 'drochloric 
^id. The derivative crystallised from acetic acid in orange- red, 
(iiamond-shaped prisms (Found : 0 — 43*8; H 3-2; Cl 30-2. 

requires C 43*9 ; H = 3-2; Cl = 30*5 per ceuit.). 
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The substance darkens at 164^^ and melte at 170®, It is readily 
soluble in alcohol to a yellow solution, and moderately soluble in 
chloroform to an orange-red solution. 

The rntrcnricMoridz crystallises from acetic acid in orange-red 
needles melting at 188®. 

'\The iodide crystallises from methyl alcohol containing a little 
hydriodic acid and sulphurous acid in red, elongated, prismatic 
needles. On heating, it darkens at 160®, and at higher temper- 
atures shrinks without exhibiting a definite melting point. When 
water is added to this salt, a perfectly clear, brilliant crimson 
solution is obtained. This contains th- anhydro-base, doubtless 
in colloidal solution, and in a short time the substance separates 
as an intense mauvc-crimson precipitate, leaving a colourless 
solution. The chloride also exhibits this property, but not in 
such a characteristic fashion. The iodide readily combines with 
iodine to form a per iodide which crystallises in almost black needles. 
The perchlorate is a sparingly soluble and stable salt which 
crystallises from acetic acid in orange-yellow, hexagonal prisms 
melting at 248° with decomposition. The picraie crystallises 
from methyl alcohol in small, red ^wisms which darken at 200® 
and decompose at 21o®. 

7 -Hydroxy - 3 -p henoxy-2-phenylbenzopy ryli iirn F errichloride, 

FcCl, 

\/\/OPh 

— u-Phenoxyacetophenone docs not react with Ji-rcsorcylaldehyde 
with the facility which characterises the condensati^m of u -ethoxy- 
acetophenone described above, and it wa.s found desirable to 
operate under the following conditions. Hydrogen chloride was 
led during four hours into a solution of w-phenoxyacetopheiione 
(2 grams) and P-resorcylaldehycle (I '4 grams) in glacial acetic 
acid (5 c.c.) contained in a vessel inunersed in a bath at 40®. The 
blood-red solution was added to, excess of dilute hydrochloric acid, 
and the mixture boiled and fdtered. The addition of ferric chloride, 
dissolved in concentrated hydrochloric acid, to the clear orange- 
yellow solution caused the precipitation of the ferrichloridc as an 
orange-yellow powder which rapidly becami' red. The substance 
was collected, dried (0’8 gram), and crystallised from glacial acetic 
acid. The salt is very readily soluble in the hot solvent, and 
separates on cooling in small, bright rec^ tablets (Found : in material 
dried at 100®, C=.49-0; H-3-0; 01-27*1. 
requires C - 49-1 ; H = 2'9 ; Cl ^ 27'6 per cent.). The' crystals 
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exhibit a beetle-green lustre and melt at The substance is 

readily soluble in methyl alcohol, and its solution in sulphuric acid 
exhibits bright apple-green fluorescence. Treatment with water 
hydrolyses the salt, and a deep crimson substance is produced. 
This dissolves in benzene to a red solution, and after concentrating 
to a small bulk a dark reddish-violet crust is deposited. This is 
apparently amorphous and melts at ISS"’ after slight decom- 
position from 150*^. The substance is clearly the anhydropyranol 
and dissolves in dilute hydrochloric acid to an orange-yellow 
solution, from which the ferrichloride may be regenerated. 

One of us (D. D. P.) desires to express his thanks to the Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 

Chemistry Research Laboratory, 

United College of St. Salvator and St. Leonard, 

The University, St, Andrews. 

[ReceitrA, July 6th, 1922.] 


CLXXXIX.---T'Ae Constitution of Pohj saccharides. 
Part V. The Yield of Glucose /? 'om Cotton Cellulose. 

By J.^MEs CoLQuiioi'N Irvine and Edmund Langley Hirst. 

h a previous coin tuiuiicat ion (Irvine and 8outai% T,, 1920, 117 , 
it lias b(‘en shown that ])urc glucose can he obtained from 
cotton eellulose byconversion of the polysaccharide into the corre- 
sponding triacetate, whicli is tlien transformed into metliyl- 
gliieoside and finally into the pan'nt hexose. Under the conditions 
originally described the yield of sugar thus obtained was S5 per 
cont. of the theoretical amount calculati'd on the basis that cellulose 
is composed entirely of glucose units. Our further work on this 
i^ubjcct has been directi'«! to imprAving the varinus processes so as 
to account for this divergence of 15 ])er cent, from the theoretical 
value. 

In essentials tlic experimental methods remained tlie same as 
tbose already deseribed [toe. cif.), but a eonsideral)le imi)rovemcnt 
^vas effected by conducting the actdolysis of cotton cellulose as 
recommended by W. L. Barnett {J. Str.'chi m. lud., 1921, 40 , 8 T.). 
‘^excellent yield of uniform cellulose triacetate was thus obtained, 
no dissolved sugar was Lumd in thearjucous washings much 
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tedious work was eliminated. The conversion of the triacetate 
into methylglucoside was varied in many ways, as described in 
the experimental part, but for quantitative work of this description 
the most accurate results were obtained by digesting small quanti- 
ties of the compound with methyl alcohol containing 0*75 per cent, 
of hydrogen chloride. The use of an autoclave was therefore 
discontinued and the whole of this stage of the work was carried 
out in sealed tubes each containing about 4 grams of cellulose tri- 
acetate. After sixty to seventy hours at 125 \ only a trace of solid 
matter remained, and the solution, which was faintly yellow in 
colour, contained the a- and p-methylglucosides in equilibrium. The 
specific rotation of the liquid varied between the narrow limits 
+ 107 — 108'^, the concentration being calculated on the assumption 
that the whole of the cellulose had been transformed into methyl- 
glucoside. By means of control experiments it was shown that 
under the conditions described, the equilibrium value given by 
the isomeric methylglucosides is [ajp + 107^ Although this result 
might reasonably be claimed as evidence that the conversion of 
cellulose triacetate into methylglucoside is quantitative, our yields 
are now, as before, based on the weights of the glucosides obtained 
in pure analytical condition. 

Each of the reactions involved has been carried out on numerous 
occasions and by independent workers. With practice and experi- 
ence the yields obtained were regular, and we submit the average 
figures of a series of consistent experinicnts. 


Cotton cel hi lose (anhydrous) 

1 

Parts 

100 

« 1 

Cellulose triacetate 

177 

4 

a- and (i- Methylglucosides 

lU’l 

{ 

Equivalent of glucose 



Yield 

99’5 

per cent. 


Yield 

95-5 

per cent. 


Ihe overall yield from the polysaccharide to tlie hexosc is thus 
95-1 per cent, of the theoretical amount . Considering the standard 
of punty in which the mixed methylglucosides were isolated, 
there can be no further doubt that cotton cellulose is composed 
entoly of glucose residues (see also Monier-Williams, T., 192J, 
119 , 803). 

Research on similar lines is being extended to the cellulase 
component of esparto, jute, and other^bre-bcaring materials. 
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Experimental. 

Preparation of Cellulose Triaeelale. 

The cellulose employed was kindly supplied by the Research 
Oepartment of Messrs. Nobels, Ltd., Ardeer, and consisted f of 
specially purified cotton containing 10 per cent, best grade Carolina 
and 90 per cent, best long- staple Sakclercides Egyptian’*^cotton, 
Analysis gave : 


Per cent. 

Moisture ♦ 6 ’7 

Mineral matter 0-14 

Oil 0-07 

Soluble in 3 per cent, eaustic soda 2-47 

Copper reduction figure 0-37 


The acetylation was carried out essentially in accordance tvith 
the method described by W. L. Barnett {loc. ct/.), in which use 
is made of sulphuryl chloride as a catalyst, and the following is 
a description of a typical experiment. Ten grams of air-dried 
cotton cellulose were soaked with 50 c.c. of glacial acetic acid 
through which a stream of dry chlorine had been bubbled for 
thirty seconds. The mixture was set aside for half an hour, after 
which 60 c.c. of acetic anhydride were added and sulphur dioxide 
gas passed through the liquid for one minute. At the end of 
an additional hour, during which time the pasty mass was fre- 
quently stirred, the temperature was rai.sed to 65°, and maintained 
at this point until the cellulose dissolved completely, giving a clear, 
colourless, viscous liquid. After cooling to 30°, an equal volume 
of chloroform was added, followed by a large excess of cold water. 
Tlie chloroform was then evaporated, the mixture meanwhile being 
stirred continuously. During the process, the acetate separated in 
fine, granular particles, which were washed with several changes 
of water until free from acetic acid, and, after being dried at 100°, 
were finely powdered. Direct precipitation vdthout the addition 
of chloroform gave a much bulkier precipitate, which, however, 
could not })e ])owdert'd when dry and was niueli mort' difficult to 
mani[)u!ate in the subsequent experiments. Yield l()*6l grams 
orfl9‘5 per cent, of the calculated amount of a cellulose triacetate. 
That no appreciable loss of material occurred during these opera- 
tions was confirmed by the fact that tlie aqueous -acid filtrate and 
wadiings had no action on Kidd i rig's solution, showed no optical 
activity and, on evaporation to drynevss, gave a negligible residue, 
^veral acetylations duplicate with that described were carried out, 
the yields varying between 90 and KXl per cent, of the theoretical 
allowance being made for moisture (1-5 per cent.) and 
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mineral matter (0-27 per cent.) [Found for mineral matte.r 

present) ; C = 49'82 ; H = 5-36. C 5 H, 05 (CH 3 -C 0)3 requires C = 

50 - 00 ; H - 5-55 per cent.]. x, + + r 

It was considered necessary to determme the acetyl content of 
the specimens used in the subsequent ^ weighed 

quantity of the acetate was treated for one and a half hours with 
a knoivn excess of boiling aqueous sodium hydroxide the un- 
ncutralised alkali being thereafter estimated by tat^bon with 
standard sulphuric acid. Owing to the partial 
“regenerated cellulose” in caustic alkali, each result h^ to be 
corrected by a control experiment m which pure cellulose was 
treated with sodium hydroxide under identical conditions of 
concentration and manipulation. A typical result is quoted . 

04850 Gram of the acetate required 6-0 c.c of A^-sodium 
hydroxide, while 1-0 c.c. was used m the control experiment. 
The percentage of acetyl was therefore ■— e 7 sy s ^3 
requires CH,-CO = 44-8 per cent. This method of analysis was 
compared with other quantitatiwe saponification processes and 
found to be satisfactory. Using A72-sodium hydroxide, the hmd of 
error is of the order ± 1 per cent. The cellulose triacetate which 
had no action on Fehling's solution except on prolonged bo^ng, 
showed in chloroform solution [a],, = - — '3 for e - 0’809-. 
The compound was stable at 150°, and distillation with 1- per 
cent, aqueous hydrochloric acid gave only negligible traces of 
furfural in the distillate. 


Simultamous IhjdroU/.sIs of Cdlnh,,' Triacetale and Condonmiion 
of the Froducts uilh Methyl Alcohol. 

In carrying out the above reactions by moans of acid methyl 
alcohol the use of an autoclave is inad\isable, as part of the “re- 
generated cellulose " remains unaffected and the solution becomes 
discoloured. Attempts were therefore made to modify the reaction 
so as to avoid the necessity of using a large number of sealed tubes. 
The results obtained are summarised, as they illustrate the naiTow 
limits which separate success and failure. 

Method A.— Cellulose triacetate boiled for twenty-four hours 
with methyl alcohol containing from 1 to 2 per cent, of hydrogen 
chloride. The material did not dissolve and no inethylglucosidc 
was formed. 

Method B . — Duplicate with the above, but using methyl alcohol 
and chloroform in equal volumes. Product consisted of regenerated 
cellulose and no methylglucosido was formed. 

Method C.— Duplicate with B, but using metliyl aleoliol (1 vol.) 
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and tetriwihloroethane (2 vols.). T = 100°. Methyl glucoside was 
formed, but in poor yield. 

Method Z>.— Treatment of cellulose triacetate with cold methyl 
alcohol saturated with hydrogen chloride. A good yield of methyl- 
glucoside was obtained, but the method is unsuitable for quantitative 
work on a large scale. 

In view of the above results the triple reaction was conducted 
in sealed tubes, each containing 4 grams of cellulose triacetate. 
A typical experiment is described. 

The acetate (1 part) was heated at 125° for sixty to seventy 
hours with pure methyl alcohol (15 parts) containing 0-75 per cent, 
of hydrogen chloride. At the end of this period only a trace of solid 
remained undissolved and the liquid had assumed a golden-yellow 
colour. Any acid remaining after this treatment was neutralised 
with silver carbonate, and the filtrate decolorised, if necessary 
with charcoal. Precautions were taken to recover any produk' 
remaining in the silver residues, filter papers and charcoal, and 
fijially the whole of the neutral decolorised liquor was evaporated 
lo a syrup under diminish(‘d pressure in a tared flask. The last 
traces of solvent were removed at 100°/10 mm. by passing a current 
of dry air through the syrup until a constant weight was recorded. 
The product so oi)tained crystallised spontaneously, but, owing 
to the viscosity, solidilication proceeded only .slowly. (.Wijdete 
cmdaUisation was, however, (dlVeted })y di.-^.solving tlie syrup 
in a small quantity of hot alcoliol and allowing the solution to 
ivmain for a few hours, after which the solvent was removed by 
distillation at bO— 70° under diminislied })re.s.sure. The residue 
thou remaining was eri.sp and uniforndy eryslalliiKc The yields 
and analyse.s quoted refer in every rase to the total material 
isolated ill thi.s manner without any further jmritieation. Details 
of two typical e.xpi'Hrnents are recorded. 


^Wijrht of aectftto (dry, a.stefn'c} 

Acid tuetliyl dleohol usod (0-7r> per eent. 

hydrogen c}dori<te) 

Tune at 1 " ^ 

of solid remaining ia .•sealed 

fiitpc 

IWmaiiHd spoeifie mtalion 

held of dry crystals 


I. 

gram.s 

♦)0 e.o. 
aO laairs 

Od.’i gram 
|xi„ -i- los-tr 

i-.'iTO grams 


Yield 


thr(> per eent. 


n. 

.TflOO gram.s 

tit I O.c. 

(>r> hours 

UdlL' grain 
hln 4 107 0" 
2 'r>t )0 grams 
(onle., 2 
9.')- 4 {vr eent. 


The crystals melted !)ct\vvn a result which is in 

^etnient with that reconied for the i^juilibrium mixtui'e of a- 
H-incthylglucosides (Irvine and Simtar. loc, cif.) and. without 
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reorystallisation, gave C “ 4312 ; H = 7*19 ; OMe = 15*93 (C 7 Hj 40 g 
requires C = 43*30 ; H — 7*22 ; OMe = 15*95 per cent.). No mineral 
matter 'waa present and no furfural was liberated on treatment 
with 12 per cent, aqueous hydrochloric acid. The gluoosides were 
therefore pure. 

In acid methyl alcohol the mixed glucosides generally showed 
a specific rotation of the order [a]^ +92® (c — 0*970), but after 
further treatment at 100® in a sealed tube this increased to a 
permanent value which in different experiments varied within 
the extreme limits [a]^ + 106° to 108°. In most cases, however, 
the equilibrium rotation reporded was between [a]jj + 107® and 
+ 108®. ^ 

These figures are lower than the usually accepted value for the 
specific rotation of the equilibrium mixture of a- and p -methyl- 
glucosides (+113°), but direct confirmation of the specific rotation 
+ 108° for the equilibrium mixture, under the conditions of the 
present series of experiments, was obtained from a control experi- 
ment in which pure a-methylglucoside 'vras used. This showed 
an initial specific rotation of + 158° for 1*85 in acid methyl 
alcohol (1 per cent. HCl), and after twenty houm’ treatment in a 
sealed tube at 100® a constant value of [a]^, + 107® was obtained. 
The optical change observed in the products of the sealed-tube 
experiments thus indicates that excess of ^-methylglucoside is 
initially formed. The purity of the mcthylglucosides was estab- 
lished by hydrolysing] with 4 per cent, hydrochloric acid at 
the boiling point. The final specific rotation, when recalculated 
for the weight of hexose formed, was + 52*0® in place of + 52*5°, 
and glucose was the only sugar present in the solution. The 
result was confirmed by titration, using Allihn’s method, when 
0-9624 gram of the mixed glucosides gave, on complete hydrolysis, 
0*902 gram of glucose. 

Isolation oj a Sa'in-plt oj ^’Mtihylghicoside. 

Recrystallisation of the mixed glucosides from absolute ethyl- 
alcohol gave the characteristic ^crystals of a-methylglucoside which 
melted at 165 and showed [aj^^ + 157‘8° in aqueous solution 
(a = + 1’86 , ^ — 2, c = 0*5892). The figures for a -methylglu coside 
are respectively 165-166®, [a]„ in water, + 157*5®. The mother- 
liquors from the recrystallisation now- contained a considerable 
excess of the p-form, and the syrup isolated from them showed in 
acid methyl alcohol the specific rotation [ix\, + 77*5®. Thismaterial 
was again heated in a sealed tube ynth 1 per cent, acid methyl 
alcohol for three hours at 100®, when the specific rotation was 
found to have risen to + 108*5, and at this value it remained 
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constant. This result confirnas the views expressed that no com- 
pounds other than «- and p-methylglucosides were present and that 
the conversion of cellulose triacetate into the mixed glucoaides is a 
quantitative reaction. 

The authors express their indebtedness to the Research Scheme 
of the Carnegie Trust for generous help received, and to Mr. Wm. 
Eintoul of Messrs. Nobers Ltd., Aideer. 

Chemicai. Reseabch Laboratory, 

United College of St. Salvator and St. Leonard, 

University or St. Andrews. [Received, June 21th , 1922.] 


CXC . — Preparation of o-, m-, and p~N itrophenoxy- 
acetic Acids and various Nitrotolyloxy acetic 
Acids and their Derivatives. 

By Thomas Hosker Minton and Henry Stephen. 

The experiments described in the following account were intended 
to form Part III of the investigation on coumaranones, but as 
the experiments in the final stages have failed to yield the desired 
results it was decided to present the results independently. The 
latter have shown that it is impossible to effect ring-closure with 
0 ,- m-, or ^-nitrophenoxyacetic acid, using dehydrating agents, 
or with their acid chlorides, using aluminium chloride or copper 
powder, and the same remarks apply to the various nitrotoiyloxy- 
ftcetic acids described in the following pages. This failure to bring 
about ring- closure is evidently connected with the ease with which 
the nitrophenoxy- and nitrotolyloxy -acetic acids undergo hydrolysis 
on boiling with sodium hydroxide solution, yielding the nitro- 
phenols and nitrocresols respectively. Any attempts to dehydrate 
the acids with phosphoric oxide resulted in complete decomposi- 
tion, and the action of aluminium chloride on the acid chlorides 
resulted in the formation of thd nitro- phenol or -cresol. The 
experiments were carried out using both carbon disulphide and 
benzene as solvents, the acid chloride showing no tendency to 
react with benzene as in the ordinary Friedel-Crafts reaction. 

The behaviour of the mtrophenox 3 "acetic acids towards alkalis 
recalls the similar behaviour of the methyl ethers of nitrophenols 
obtained by methylation of the latter, which, according to Hewitt, 
lohnson, and Pope (T., lols, 103, 1626), possess the structure, 
0!CgH^;NO'OMe, and are readily decomposed on boiling with 
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sodium hydroxide solution, whereas the isomeric compounds 
obtained by nitration of the phenol ethers are not decomposed 
and thus probably possess the normal structure, OMc'CgH^’NOg. 
There is no evidence for concluding that the nitrophenoxyacetic 
acids possess the analogous structure OICgH^INO’O'CHg’COgH, 
although similarity in the behaviour of the acids towards alkalis 
and of the acid chlorides towards condensing reagents would appear 
to point to such a formula. Furthermore, Hewitt, Johnson, and 
Pope [loc, cit) examined the reactions between the sodium salts 
of nitrophenols and ethyl chloroacetate and found that the sodium 
compound of w-nitrophenol reacts easily, whilst o- and p-nitro* 
phenols react with difficulty (compare Kym, J. pr. Chem.^ 1897^ 
[ii], 55, 113, 122). This difierencc was ascribed to the formation 
of quinonoid structure in the case of the o- and p- compounds. The 
present investigation has shown that m -nitrophenoxyacetic acid 
is as readily decomposed by alkali as the corresponding o- and 
p-acids. 


Experimental. 

Preparation of o-, m-, and p-Nitrophenoxijacetk Acids. and 
p-Nitrophenoxyacetic acids have previously been prepared by the 
direct interaction of the sodium salts of the nitrophenols and 
chloroacctic acid, but the w?,-acid has not been prepared in this 
way. Hewitt, Johnson, and Pope (loc. at.) describe its isolation 
by the hydrolysis of its ethyl ester, whilst Meyer and Duczmal 
(Ser., 1913, 46, 3366 et seq.) prepared its sodium salt by the addition 
of chloroacetie acid to alkaline sodium w-nitrophenoxide and sub- 
sequent heating of the mixture for three hours on the water-bath. 

The three mononitrophenoxyacetic aeid.s have now been prepared 
as follows : A solution of sodium chloroacetiito, prepared from 
48 grams (O'S mol.) of the acid in 60 c.c. of water, was treated 
with a hot solution of the nitrophcnol (69 grams ; O' 5 mol) and 
sodium hydroxide (20 grams; 0'5 mol.) in 300 c.c. of water, and 
heated under reflux for ten to eleven liours. The mixture having 
been acidified while warm, the solid deposited on cooling was 
collected and purified by two crystallisations from hot water. 
The yields and m. p, s of the nitrophenoxyacetic acids were; 
0 -, yield 45 grams, ra. p. 156*5^; m-, yield (K) grams, m. p. 151“ 
(Hewitt, Johnson, and Pope, loc. cit, give 151®. Meyer and 
Duczmal, loc. cit., give T54~l.>5®. Compare also Bischolf, Ber., 
1907, 40, 3143, who gives lo2-l53^ and Jacobs and Heidelberger, 
J, Amer. Chem. Soc., 1917,39, 2191, ^vho give li54— 155® [coir.]); 
p- yield 50 gram.s, m. p. 184® (Pritsche, J. pr. Chem„ 1897 [ii], 
20 , 290, and Pratesi, Gazzeiia, 1891, 21 , ii. 403, give 183°), 
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The acids are fairly soluble in hot water and readily soluble in 
the usual organic solvents. They are not decomposed on distilla- 
tion with steam or on boiling with moderately concentrated hydro- 
chloric acid. Hot dilute sodium hydroxide solution decomposes 
the acids forming the sodium nitrophenoxides. In the case of 
o-nitrophenoxyacetic acid, this is not in accordance with Thate’s 
statement (J. pr. Chem., 1884 [ii], 29, 148) that the acid is stable 
even on boiling with concentrated potassium hydroxide solution. 
This has not been confirmed on a repetition of the experiment. 

0-, m-, and ^-Nitropkenoxyacetyl chlorides, CgHgO^NCl, were 
prepared by the action of thionyl chloride (I’S mois.) on the acids 
(I mol.). After gently heating the mixture for one hour, the 
excess of thionyl chloride was removed on the water- bath, and it 
was found that the acid chlorides were decomposed even by dis- 
tillation under diminished pressure. They were finally obtained 
pure by crystallisation from dry benzene, and in each case gave 

good yields of large, white prisma, m. p. respectively 43 44’5°, 

49 — 51®, and 83*5 — 84*4®. Jacobs and Heidelberger (J. Armr. 
Ckem, Soc.f 1917, 39, 2424) have obtained small yields of the 

0- and p-acid chlorides melting at 41 — 42® (corr.) and 86 87° 

(corr.) respectively by the action of phosphorus pentachloride on 
the acids. 

Methyl and ethijl o-, m-, and li-niirophenoxyaceMtes, C^HgO^N 
and C10H11O5N respectively, were prepared by dissolving the acid 
chlorides in methyl and ethyl alcohols. All except ethyl w-nitro- 
phenoxyacctate were obtained in the crystalline form, but this 
compound was isolated by pouring the reaction mixture into 
water and extracting with ether. After removing the ether the 
yellow, oily residue distUled at 187®/14 mm. (compare Hewitt, 
Johnson, and Pope, loc. ciL, who give b.p. 208— 212® /30 mm.). 

Methyl o-nitrophenoxyooetoto, white needles, m. ]n oS^. Dupaic (Ber,, 1887, 


.. w- „ „ 

20, 1944) gives 58*j 

M P' 

j* *1 

„ 99’. Fuchs (D.R.-P. 

9t)492) pivos 100- 

Ethyl 0 - „ 

101'. 

„ leaflets, „ 40— *7 \ Kyin {J. pr. 

Cha?i., 1897, [ii], 
55, 122) gives 4(>— 
47’. Duparc {loc. 
ci(.) gives 49.’ 

” P- n 

’» n ,, 74 — 7o’. Kym (/oc. ciL) 

gives 7")— 70’. 
Fuchs {/oc. cit.) 
gives 7.1—74’. 


0-, m., and p^Nitropkemi^yacetainides, CgHgO^NV—The o- and 
P-compounds have been obtained by Jacobs and Heidelberger 
VOL. CXXII. o 1. 
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Ihu- cit D 2421; D.R.-P. 108342) by the action of ammonia on 
cit., p. , amidea were obtained 

the oorrespondmg acid chlorides with ammonia or 

in good yi , ^ , Nitrophenoxyacetamide forms fine, white 

te A give 194- 

m p. 178•5^ and the p-isomeride in white needles, m. p. 154 lo5 

D.R.-P. 108342 gives poid alcohol or benzene, 

The amides „e rapidly hydrolysed 

> 111 1 dissolve readily on. warming. y . ^ i i 

"d wdth dilute sodium hydroxide solution, and slowly on 

bv acid chlorides (1 mol.) with fresldy distilled aniline 

?2 S) The anilides were readily hydrolysed on boiling with 

Lnrn hydroxide solution. o-NUropheno^yacelaM forms yellow 
sodium nyoi ,-p . jsf = 10-18). The m-isomende 

leaflets, m. p. 118 -i (r • i.)-;° /ifnimd’- N = 10-27) 

crystaUises in fine, white needles m. p. 12 o J/’ 

and the p-isomende m yellow leaflets, m. i . \ J ^ ^ . 

gives 170-17n (CiiHiiO^N reqnires ^ ^ 

4:~Niiro-m4olyloxyacehc acid, iSO^ ^ 2 2 ’ 

narer r^d-nitro m-cresol and chloroacctic aeid by the method 
^eady described for the nitrophenoxyacids. Unchanged mtro. 
:So?U removed by distiUation in ^^eam, and the ae,^ ^s- 
tallised from hot water in pale yellow needles, in. p. lo7 1 .j 8 . 
It is easily soluble in alcohol H 

but readily on warming. (J^ouiid : N — 7 01. C 9 9 fl 

N = 6-64 per cent.). ^ , 

i.Nitro-\>-tolyloxyaaiic acid was prepared from 3-nitro-p-creso 
and chloroLctL aeid, and crystallised from hot water in pale yeflo 
prisms, m. p. 141-5U It is non-volat.le in steam and table t 
Lam distillation. It is readily soluble in alcohol or ether bu 
only with difficulty in benzene. I'hc yield was uO per cen . > 
that theoreticaUv possible (Found : N = 6-87. CjlljOsN requm-s 


N -- 6*64 per cent.). i •; 

Derimlive^ of H-Xilro-p-folyl-' ami i.^dlro-m-lohJl-ox,Jacelw Ac,d>. 
-The acid chlorides, CgHsOjXCl, were obtained by treating the acids 
with thionyl chloride and were crystallised from benzene. 3-\ dm- 
^-tolyloxyacelyl chloride forms fine, white needles, m. p. ‘ ^ 
4^.nitro-m4olyloxyac€tyl chloride pale yellow needles, ra. p. 10-5*^ • 

The methyl and ethyl esters, CiqIIhO^N and C 11 H 13 O 5 N respec 
lively, were obtained from the acid cldorides by the method alrca ) 
described. Ethyl ^-niiro-'p-tolyloxyaxetate was obtained as a pa e 
yellow oil in the same way as ethyl vn-nitrophcnoxyacetate. l 
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decomposed on distillation under diminished pressure, and showed . 
signs of approaching crystallisation when cooled in ice and salt. 

The methyl ester separated from methyl alcohol in pale yellow 
needles, m. p. 43°, Methyl i-nitro-m-iolyloxyacetate, m. p. 69*5°, and 
the ethyl ester, ui. p., 67°, crystallised from the respective alcohols 
in pale yellow needles. 

The amides, CgHjo 04 N 2 , were obtained in good yield by treat- 
ing the acid chlorides with excess of solid ammonium carbonate. 
$.}^itro-'p-tolyloxya€.eta7nide form.s fine, pale yellow needles (from 
ethyl alcohol), m. p. 198° (Found : N = 13*52). ‘i-Nitro-m- 
olyloxyacetamide crystallises from ethyl alcohol in fine, pale yellow 
lecdles, m. p. 163° (Found : N = 13*31. CgH4404N2 requires 

= 13*34 per cent.). 

They are sparingly soluble in the usual organic solvents in the 
:?old, but dissolve readily on warming, and are slowly hydrolysed 
on boiling with sodium hydroxide solution. 

The anilides, O15H44O4N2, were prepared by treating the acid 
chlorides (1 mol.) with freshly-distilled aniline (2 mols.). S-^Vz'/ro-p- 
fdyloryacetariilide is a white, crystalline powder (from ethyl alcohol), 
m. p. 116*5° (Found : X = 9*89) whilst 4:-nitro-m4olyIoxyacetanilide 
crystallises from ethyl alcohol in white leaflets, m. p. 202° (Found : 
jyT ^ 9-85, ^15^1404X2 requires X — 9*79 per cent,). 

These anilides are only sparingly soluble in ethyl alcohol and 
the usual organic solvents, and are only slowly hydrolysed on 
boiling with dilute sodium hydroxide solution. 


Me 


3 - A' i tro-O'iolyl oxyacct tc ae 5 / , 


NO*FH„‘CO.,H 

/‘no, ' “ ’ 


^\as prepared 


from c])loroat‘etic acid and 3-nitr()-o-(‘rosoI as jm](‘ yellow needles, 
111. p. 129° (Found ; X ~ 6*82. CyH/l^X requires X — 6*64 per 
cent.). It is eavsily soluble in the usual organic sohents and hot 
water, is non- ^■oIa tile, and remains undecomposed in a current 
(if steam, Tlie yield was not so good as in the two previous 
cases owing to the rapid deco m position of this acid wiien warmed 
'dth dilute sodium hydroxide solution. 

tSiirO’O-tolyloxyacetyl chloride, ( yHg 04XCl, wa;? prepared by the 
action of thionyl chloride on the acid and obtainecl from l>enzene 
as a white, crystalline powder, in. p. 55°. It lias a pungent (xlour 
and is readily reconvt*rto(l to the aeid on trc'atment with water. 

The melhyi and ethyl esters, CjoHjiG^X and t'uHjjO^X respec- 
tively, were obtained by treatment of the acid chloride with excess 
d methyl or ethyl alcohol respectively, and were rcervstallised 

3k 2 
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from ethyl alcohol. The methyl ester forms white needles, m. p. 
46-5'^, and the ethyl ester fine, white needles, ra. p. 

Z-Nitro-o-tolyloxyacetamide, C^io04N2, was prepared in good 
yield hy the action of solid ammonium carbonate on the acid 
chloride, and crystallised from alcohol as white crystals, m. p. 

It is sparingly soluble in the usual organic solvents in the cold, 
readily on warming, and is fairly easily hydrolysed on boiling with 
dilute sodium hydroxide solution (Found : N = 13-63. CgHij^04N2 
requires N = 13-34 per cent.). 

^■Nitro^o-tolyloxyaceianilide, was obtained by the 

method already described, and crystallised from alcohol as white 
needles, m. p. lOr. It is not readily soluble in cold organic solvents, 
but is more soluble on warming, and is hydrolysed on boiling 
with sodium hydroxide solution (Found : N = 9-94. Ci5H^404N2 
requires N 9-79 per cent.). 

2-Nitro--p-tohjloxyacelic acid was prepared in good yield from 
2-nitro-p-cre8ol, obtained by nitration of p-tolyl carbonate and 
hydrolysis of the product (compare Holleraann and Hoefiake, 
Rec. trav. chim., 1916, 36, 272), and chloroacetic acid. The excess 
of nitrocresol was removed hy crystallising the product first from 
water and then from alcohol. The acid was obtained as pale 
yellow crystals, m. p. 151*^ (Jacobs and Heidelberger, loc. cit.^ give 
151 — 154*^ [corr.]) (Found ; N — 6-91 per cent.). 

It is readily soluble in the usual organic solvents and hot water, 
but almost insoluble in cold water, and is non-volatile and stable 
in a current of steam. It is much less readily decomposed by 
treatment with warm dilute sodium hydroxide solution than the 
acids previously described. 

2'NiirQ-^4olyloxyacetijl chloride, CgHgO^XCI, was obtained by 
the action of thionyl chloride on the acid, and isolated as a white, 
crystalline mass, ra. p, 18°. 

The methyl and ethyl esters, and respec- 

tively, were obtained by methods similar to those already described. 
They crystallise in pale yellow needles, ra. p. 52° and 30°, respec- 
tively. 

2-Nitro^T^-iolyloxyacetaMide, C5H10O4X2, was prepared as already 
described, and crystallised from alcohol as pale yellow needles, 
m. p. 130°. It is soluble in the usual organic solvents, readily 
when warm but sparingly in the cold, and is slowly hydrolysed 
with hot dilute sodium hydroxide solution (Found : N = 13'59. 
^9^1004X2 requires N = 13’34 per cent.), 

2^NitrO’-p4olyloxyaceianilide, C45H14O4X2, was prepared from the 
acid chloride and freshly-dLstilled aniline, and crystallised from 
alcohol as pale yellow needles, m. p. 124*5. It is readily soluble 
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in hot organic solvents, but almost insoluble in cold, and is hydro- 
lysed slowly with hot dilute sodium hydroxide solution (Found : 
N = 10*07. C 15 H 14 O 4 N 2 requires N = 9*79 per cent.). 

Reduction of m-Nitrojphenoxy- and Niirotolyhxy’OCtiic Acids . — 
Thate {J. pr. Chem., 1884, [ii],-29, 148) investigated the reduction 
of o-nitrophenoxyacetic acid under various conditions, and by 
using sodium amalgam or iron filings with acetic acid he obtained 
the inner anhydride (II) of o-aminophenoxyacetic acid (I). 

/NH-CO 

(1.) | (IL) 

\0 CHg 

When reduction was carried out with stannous chloride and 
hydrochloric acid, chlorination in the nucleus took place, giving 
a nionochloro-derivative of II. On the other hand, Howard 
{Ber., 1897, 30 , 546) reduced p-nitrophenoxyacetic acid with 
granulated tin and glacial acetic acid and obtained p-acetylamino- 
phcnoxyacetic acid. 

m-Aniino-phenoxyacetic Acid, CgH 903 X. — r/i-Xitrophenoxyacetic 
icid was reduced by How'ard’s method {loc. cd.), and iristead of the 
['xpectod m-acetylaminophenoxyacetic acid gave 7 ??-aminophenoxy- 
acetie acid, which crystallised as small, pale yellow needles sinter- 
ing at 204" and gradually decomposing. It is soluble in hot water 
or alcohol and sparingly soluble in ether or benzene (Found : 
N = 8*52. CyHgO^X requires X — 8 ‘38 per cent.). The acetyl 
compountl crystallised from hot water ns a fine, yellow powder, 
in. p. 167--I68" (Found : N = 6‘51. OuH^oO^X requires X = 6’70 
ppr cent.), 

Amitiofolyhxyacetic Aads. — 3-Xitro-p-tolyl-, 4-nitro‘»i-toly]-, and 
3-nitro-o-tolyl-oxyacctic acid.s were reduced hy Thate's method 
{loc. c\t.) using iron filings and 25 per cent, aqueous acetic acid, 
and in all three instances the inner anhydrides only were isolated, 
all of which crystalli.sed from dilute alcohol in colourless needles. 


Inner anhydride of • 

M.p. : 

N per cent 

3-Amino-p-tolyloxyacctic acid 

, 209'' 

8*65 

4-Amino-m-tohdoxyacelie .. 

. 193 

8-69 

3- Araino-O’tolyloxy acet ic 

. 195 

8 “l 


(C 9 H 8 O 2 N requires N 8 ’59 per cent.). 


Amino ’P^tolyloxy acetic acid, CglljiO^X, was prepared by 
reducing the coITespondi^g nitro-acid with stannous chloride 
dissolved in concentrated hydrochloric acid. It wa.s obtained as 
S' pale yellow, crystalline powder, soluble in boiling water, liydro* 
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chloric acid, or hot alcohol and almost insoluble in cold alcohol. 
It sintered at 240° and gradually decomposed (Found : N 7 ‘98. 
C 9 H 11 O 3 N requires N = 6'28 per cent.). 

The acetyl compound crystallised from water as white needles, 
m. p. 169° (Found : N = 6*5. requires N = 6*28 per 

cent.). 

The authors desire to thank Mrs. E. Stephen, M.Sc., for assistance 
in preparing the above for publication. 

The CHEMicitL Department, , 

The University, M.anchester. [Received, May '[ 6 th, 1922.] 


CXCI . — Studies in the. Coumaranone Series. Part IL 
The Preparation of 4- and ^-Cklorocoumaran-2- 
ones and their Conversion info 2- and i-Ckhro- 
flavonols respectively, and some Derivatives of 
0 - and p-Chlorophenoxy acetic Acids. 

By Thomas Hosker Minton and Henry Stephen. 

It has already been shown by Higginbotham and Stephen (T., 
1920, 117, 1534) that ooumaranones may be obtained from 
phenoxy- acetic acid and its derivatives by the action of aluminium 
chloride on the corresponding acid chlorides, ring-formation taking 
place as follows : 

/\ COCl /\ 

I I CH r I T 

\/\o/ - \/\o/CH, 

The inve.stigation has now been continued and extended along 
similar lines, and attempts havq bec’ti madi* to prepare couuiaran- 
onos containing nitro-groiips and chlorine atoms in the aromatic 
nucleus. Only in the case of the chlonjphenoxyacetic acids could 
the acid chlorides he converted by the above treatment into 
coumaranones. 

The 0 - and p-chlorophenoxyacetic acids required in the follow- 
ing experiments were readily prepared by the interaction of chloro- 
acetic acid and the corresponding chkorophcnols in alkaUne solu- 
tion. Numerous derivatives of the two acids and the conversion 
of ^ the chlorides of the acids into 0- and 4 chlorocoumaran-2'Ones 
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(I and II respectively), and the preparation of fiavonols from the 
latter are described in the experimental part of the paper. 


(I-) 


I I 

\/\0/CH, 

Cl 


Cl/\ CO 

\/\0/CH, 


(II.) 


The method adopted for preparing the fiavonols was similar to 
that described by Auwers and Muller {Ber., 1908, 41, 4233), 
6-Chloro- l-benzylidenecoumaran-2-one (III) prepared from 
6-chiorocoumaran-2-one and benzaldebyde, gave the dibromide (IV) 
on treatment with bromine, and the latter on treatment with 
yyi 0-sodium hydroxide solution yielded 4-chloroflavonol (V) : 


/\ CO CO 

1 Br2 I NaOH 

\/\Q/C:(mVh \/\Q/CBr‘CHBrPh 

d Cl 

(ITT.) (iV.) 

.. iJO—C'OH 

/^/ [, 

I ! CPh 

Cl ^ 

(V.) 

In a similar way 4-chlorocomnaran-2-one (II) gave 2-chloroflavonol, 


Experimental. 

0 - and -p-Cldoropheiioxyacetic Acids. — The o-acid i.s stated 
(D.K.-P. 2(342 67) to have been preparo<l by the action of hot, 
wnrrntratcd hydrochloric acid on “ oxvmercurvchlorophenoxy- 
acetic acid.” No description or properties of the acid are given. 
The p-acid chloride was prepared by Michael [Amer. Chem. 

1S87, 9, 216) by chlorination of phenoxyacetic acid with phos- 
phorus pentachloride. He gives the m. p. of the acid as 151 — 152°. 
Peratoncr {Gazz/tfa. 1898, 28. i. 2^9) has also described the pre- 
paration of the p-acid by the chlorination of phenoxyacetic acid 
with sulphury] chloride, and give.s the m. p. as 150 — 151°. 

The above methods of preparing the p-acid are open to the same 
ohjoction that a certain amount of the o-acid is formed at the 
^aiiie time during the cliloriuation. ami their separation is not 
libly to be an easy one. The purity of the p-acid, as indicated 
by the melting points givem above, is somewhat in doubt, and the 
lolloping experiments show that the pure p-acid melts at 155— 
W. 
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Both acids are readily prepared by the action of chloroacetic 
acid on the corresponding chlorophenols in alkaline solution. The 
purification of the crude product was mainly dependent on the 
non- volatility and stability of the acids in a current of steam. 

A solution of sodium chloroacetate prepared from 96 grama 
(1 mol.) of the acid and 53 grams (0*5 mol.) of sodium carbonate 
was added to a solution of 128 grams (1 mol.) of chlorophenol and 
40 grams (1 mol.) of sodium hydroxide in 350 c.c. of water, and 
heated under a reflux for six to eight hours. The mixture was 
immediately acidified with 2A-hydrochloric or sulphuric acid, 
and, on cooling, a white, cBystalline product was obtained which 
was filtered and washed ^\ith 20 c.c. of light petroleum to remove 
any traces of chlorophenol. The total yield was 180 grams. 

Purification of the Acids —Tho crude o-|cid was dissolved in 
3 litres of water by passing through the liquid a current of steam, 
which removed traces of unchanged o-chlorophenol. The filtered 
solution, on cooling, deposited fine, white needles, m. p. 145 — 146°, 
A further recrystallisation from water, alcohol, or benzene did not 
affect the melting point (Found : Cl — 19*18 per cent). 

Since p-chlorophenol is not readily volatile in steam, the crude 
p-acid was dissolved in 3*5 to 4 litres of water by passing a current 
of steam through the mixture. The filtered solution, on cooling, 
deposited large, rhombic prisms, m. p. 155 — 156° (Found : Cl =: 19*11 
per cent.*). 

O' and p-CJiloropJienaxyacetyl Chlorides . — To 10 grams (1 mol.) 
of the acid, previously carefully dried at 80°, 15 grams (1*66 mols.) 
of thionyl chloride were added. Reaction took place immediately 
in the cold, and after a short time the inixt\ire was warmed at 60° 
under reflux for one and a half hours. Excess of thionyl chloride 
was removed by distillation at 30°/20 mm., and the residue dis- 
tilled under diminished pressure. Ten grams of each acid chloride 
were obtained as a pale yellow liquid, the yields being about 90 per 
cent, of the theoretical. Both products finally solidified to a mass 
of colourless needles on cooling in ice. The o-chloride has b. p. 
136712 mm. and m. p. 18-4°, an(} the p-chloride, b. p. 142717 mm,, 
and m. p. 18*8°. They are both soluble in carbon disulphide, benz- 
ene, or ether, and arc readily hydrolysed by water to the corre- 
sponding acids. On long standing, they become coated with a red 
deposit, probably an oxidation product. They have pungent and 
characteristic odours. 

Methyl and Ethyl o- and p-ChloropkcRoxyacetates . — The eaters 
were formed by dissolving the acid^ chlorides in the requisite 

All estimations of chlorine mentioned i)i this work wore carried out 
by Robertson’s method (T., 1915, 107, 902). 
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alcohols and subsequently purifying by distillation. Methyl o- and 
p-chlorophenoxyacetates are colourless oils, b. p. 186 — 188^ and 
177 180 respectively. Ethyl o- and p-chlorophenoxyacetates 
crystallise from alcohol in white needles, m. p. 32'" and 49° 
respectively. 

o- and ^-Chhrophenoxyacetamides—liwo grams of the acid 
chloride were mixed with excess of ammonium carbonate in a small 
flask, and after the first vigorous reaction had subsided, the mixture 
was heated on the water-bath for half an hour. After cooling, 
the ammonium chloride and carbonate were removed with water, 
and the residue crystallised from ethyl alcohol. Both amides are 
readily soluble in hot water, ethyl alcohol, or benzene. o-CUoro- 
pUnoxyacetamide forms white needles, m. p. 149-5° (Found : 
(1 ^ 19-13 per cent.), p-Chloropke.mxyacciamide crystallises in 
white needles, m. p. (Found: Cl - 19-32. CgH.O^XCl requires 
Cl ^19-11 per cent.). 

0 - and p-ChlorophenoxyaceianiUd€6\~ThQse were readily obtained 
by the action of aniline (2 mols.) on the acid chlorides (1 mol.) in 
benzene solution. After removal of the benzene by eva}X) ration, 
the residue was washed with water to remove aniline hydrochloride, 
and purified by crystallisation from ethyl alcohol. The anilides 
are readily soluble in the usual organic solvents, 

o-Cyoropkpjiox7jacetanilide forms white needles, m. p. 121° (Found : 
Ci= 13-55) and the i>isomeride, white needles, m. p. 125° (Found: 
Cl — 13-67. Cj^|Hj 202NC1 requires Cl — 13-55 per cent.). 

WkIoro€OiimaraM.2-o)ie (I).— To an ice-cold solution of 20 grams 
ofo-chlorophenoxyacetyl chloride in 200 grams of carbon disulphide, 
20 grams of finely j^owdered aluminium chloride were added slowly 
during two hours. The red solution and solid, after standing in 
die cold for several hours,* were decomposed by concentrated 
lydrochlorie acid and powdered ice. Tlie oil obtained was distilled 
ftith steam for several hours until the distillate showed no reducing 
iction Avith Fehlings solution. Tlu- distillate was extracted with 
rthcr, and after removing the solvent the hro^^^l residue was 
crj'dallised from ethyl alcohol as brilliant, pale yellow leaflets, 
m p. 110-5°. 

llie couinaraiione rapidly reduces Fehling's solution, gives an 
immediate precipitate of silver with Tollens's reagent and a purple 
coloration with ferric chloride solution. It gives a red solution 
m cold concentrated sulphuric acid or in cold sodiiiin hydroxide 
elution. Crystals of the coiimaranonc turn yellow on ex|X)sure 

It is essential that llio uiixtiiro should not bo loft too hnig, as the yield 
to be adverstdy affected. 

3k* 
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to air (Found : Cl = 21-44. CgH^OjCl requires Cl = 21-04 per 
cent.). 

The oxime crystallised from dilute alcohol as small, yellow 
needles, m. p. 170-5'^ (Found : N = 7-50. CgHgOgNCl requires 
N = 7-63 per cent.). 

The <semicar6a207Je crystallised from alcohol as yellow needles 
m. p. 228° (Found : N — 18-23. CgH^OaNgCl requires N = 18-63 
per cent.). 

The '^-nitrophenylhydrazone, obtained as a red, crystalline 
powder from dilute acetic acid, melts at 196° (Found : N = 14-03. 
Cj 4 Hiq 03 N 3 CI requires N = 13-84 per cent.). 

Q‘CUoro-\-benzyUdenecoxmaran‘2-one (III) was prepared by 
Auwers and Miiller's method {Ber., 1908, 41, 4233). A solution of 
6 grams of the coumaranone and 3-2 grams of benzaldehyde in a 
little ethyl alcohol was warmed at 60° and 1 — 2 c.c. of concen- 
trated hydrochloric acid w ere slowly added. The reaction mixture 
on cooling, deposited a mass of fine, yellow needles, which were 
recrystallised from dilute alcohol in large yield, m. p. 143° (Found ; 
Cl = 13 -73. Cj^lIgOgCl requires Cl = 13-82 per cent.). 

Q-Okloro-\-henzylidenecoumaran-2-one dibromide (IV) was pre- 
pared according to Amvers and Miilier's method {loc. cii.). To a 
solution of 5 grams of the benzylidene compound in 10 c.c. of chloro- 
form a solution of 3-1 grams of bromine in 10 c.c, of chloroform 
was added slowly. The mixture was al{o\Yed to remain over- 
night, and the chloroform then removed at room temperature 
under diminished pressure. The crude product wa.s recrystal lised 
from hot, glacial acetic acid as a w'hite, crystalline powder, 
m. p, 147° (Found : total halogen = 46-51. CigHgO^ClI^r^ requires 
halogen ^ 46-90 per cent.). 

i-Cfdoroffmmol (V) was prepared by the method of Auwers and 
Miiller {loc. cii.), who obtained 2-methylflavonol by the action d 
two equivalents of 0-1 A-potassium hydroxide on an alcohol solu- 
tion of l-benzylidene-4-methylcoumaranonc dibromido. Two grani^ 
of the dibromide already prepared were dissolved in 150 c.c. of 
boiling alcohol, 100 c.c. of 0-1 A-potassium liydroxidc were slowly 
added, and the boiling was continued for ten minutes. On the 
addition of water the impure tlavonol was precipitated as a 
brown powder, which was washed with water and crystallised from 
glacial acetic acid as pale yellow needles, in. p. 187°. The yield 
was 1 gram. 

The flavonol is easily soluble in the usual organic solvents. 
Its solutions in cold concentrated ^sulphuric add and sodium 
hydroxide are deep yellow. It dues not reduce Tollcnss reagent 
(Found : Ci = 12-28. Ci^.HgOaCl retpiires Cl 13-01 per cent.). 
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The acetyl compound of the flavonol was obtained (a) by the 
action of acetic anhydride on the flavonoi, or (6) by the action 
of acetyl chloride on the flavonol dissolved in pyridine. The latter 
method gives the better yield ; the acetyl compound was obtained 
as fine, glistening needles from methyl alcohol, m. p. 155*^. It was 
hydrolysed on boiling for half an hour with dilute sodium hydroxide 
solution, the flavonol being obtained after acidifying. 

i-Chlorocoumaran-2-one (11), prepared from p-chlorophenoxy- 
acetyl chloride in a similar manner to that described for 6-chloro- 
coumaran-2-onc, was obtained in brilliant, yellow leaflets, m.p. 
113-5°, having similar chemical and physical properties {Found: 
Cl — 21-34. CgHjOgCl requires Cl — 21-04 per cent.). 

The oxime was obtained as fine, yellow needles from dilute 
alcohol, m, p. 168*^ (Found : N ~ 7-15. CgHg02KCl requires 
= 7-63 per cent.). 

The semicarbazone forms yellow crystalline powder from alcohol, 
m. p. 221° (Found : N = 18-36. CgHgOgXgCl requires N — 18-63 
per cent,). 

The p-iiifrophenylhydrazone, obtained as a red, crystalline ]}Owder 
from dilute acetic acid, melted and decomposed at 189° (Found : 
N — 13*56. Cj4HiQ03N3Ci requires N — 13-84 per cent.). 

1- Chloro-hhenzylideneco}jmaran-2-one crystallises in fine, yellow 
needles from dilute alcohol, ni. ]>. 165’ (Found : Cl — 13-59. 
C15H3O2CI requires Cl — 13-82 per eeiit,). 

4:-Ckloro-l-benzylid('nccovmara)(-'2-o/!e dihromide forms small, 
white prisms from glacial acetic acid, rn. p. ]r>4° (Found: total 
halogen — 46-73. Ci^HgO^ClBr., requires halogen = 46-90 per 
cent,). 

2- ChloroflavOHol forms j-ellow, glistening needles from glacial 
acetic acid, m. p. 162° (Found : Cl — 12-8.'). CijHgOgCl requires 
(1 = 13-01 per cent.). 

The acetyl compound was o])tain(-d ns line-, white ncedle.s, m. p. 
110°. A small ]>ortion of it was hydrolysed to the ilavoiiol Ijy 
(ligcstion with alcoholic sodium liyclrnxide, and the product melted 
at 101°, The properties of 2-chlorotiavonul arc similar to those 
of 4-chloroflavonol previously described. 

The authors desire to thank ^Irs, K. Sh-plu n, for assistance 
in preparing the above for publitation. 

The Chemical Dep.vkxmekt, 

The UmvERsiTY, SIanc^esteh. [Hiccired, May lath, 1022.] 
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CXCTI. — Tautomer ism of Dyads. Part L Detection 
of Tautomeric Equilibria in Hydrocyanic Acid. 

By Edith Hilda Usherwood. 

Ohb of the least developed branches of the study of tautomerism 
is that concerned with the small but important group of organic 
substances termed by van Laar “ dyads.” Hydrocyanic acid 
and the cyanogen haloids are amongst the simplest of this class, 
and there can bo no doubt Uiat the reason why, despite the large 
amount of work that has been done on these substances, no definite 
conclusion has as yet been reached as to their precise molecular 
condition is that in these cases the extreme rapidity of the isomeric 
interchange, if it exists, is such as to render powerless those chemical 
and physical methods Avhich have been employed successfully in 
following the attainment or detecting the existence of tautomeric 
equilibria in triads. New methods ap])ear to be required, and it is 
the purpose of the series of papers, of ^yhich this is Part I, to develop 
the application of new methods to this problem. 

Particular interest attaches to hydrocyanic acid. It is unneces- 
sary to enter into the details of the evidence relating to the structure 
of this substance, but it may be stated broadly that, so far as 
chemical considerations go, the hydrolysis of hydrocyanic acid 
resembles that of a nitrile (Wade, T., 1902, 81, 1596), whilst its 
methylation with diazomethane, the mechanism of which has been 
investigated by Peratoner and Palazzo {Gazzftta, IIKIS, 38, 1, 76), 
appears to point equally conclusively to the f^onitrile formula. 
As regards physical evidence, Bruhl has shown, on the one hand, 
that the refractivity of hydrocyanic acid agrees with that calculated 
from the nitrile formula {Z. phiisikal Chein., 1895, 16, 512; com- 
pare Meyer and Ho pfi, Bpj,, 1921, 54, [B], 1709) whilst, on the other 
hand, Lemoult has proved that the heat of combustion agrees with 
the wonitrile formula [CompL rcm/., 1906, 143, 902). It is .solely 
from facts such as the.se that we^re forced to conclude that hydro- 
cyanic acid is neither wholly a nitrile nor wholly an isonitrile, hut a 
mobile equilibrium mixture of these isomerides. Yet the inability 
of the methods hitherto employed definitely to detect the existence 
of an equilibrium is clearly demonstrated by the mutually contra- 
dictory conclusions to which they have led. All the circumstantial 
evidence appears to point to the existence (which will be assumed 
in what follows) of an extremely rapid interchange, the character of 
which approaches, perhaps more closely than in any other case, that 
which Lowry has aptly termed " flickering ” tautomerism. 
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The principle underlying the method of experiment now em- 
ployed depends ultimately on the fact that an equilibrium 
HCN HNC 

(where HCN — formonitrile, and HNC = carbylamine, without 
prejudice to the possible occurrence of bivalent carbon in the latter) 
must alter with temperature by an amount depending on the heat, 
g, of the complete change 

HCN = HNC + q. 

For a moderate rise of temperature this shifting of the equilibrium 
might be small, perhaps a few units pm* cent, only ; but as the value 
of q (estimated at — 7000 gram -calories per gram- molecule by 
Lemoult (/oc. cit.) from his own and Berth elot’s thermochemical 
measurements on homologous nitriles and wnitriles) is enormous 
in comparison with the true specific heat (Of the order of 10 calories), 
this small shifting must add very appreciably to the amount of 
heat w'hich would otherwise have sufficed to raise the temperature 
by 1 ®. The result, therefore, is that the apparent specific heat is 
greater than the true specific heat, calculated according to the law 
of mixtures, by a certain definite fraction of the heat of reaction, q. 
We do not know what the specific heat of pure liquid HCN or liquid 
HNC should be, but in the case of the vapours the true specific 
heat at constant volume of cither substance must be very close to 
7 calories.* It is plain, therefore, that the influence of the tauto- 
meric equilibrium on specific heat is far greater than its influence 
on refractivity, or, indeed, on any property which is merely affected 
in caccordaiice with the law of mixtures, and may not perhaps be 
very widely differentiated as regards the two individuals. 

Kris the ratio of the concentration of HCN in the gas (considered 
as a mixture of HCN and HNC) to the total concentration of the gas, 
the equilibrium constant K, is given by A' = (1 — .r)l.r. The heat 
5 is given by d log, KjdT = - qjRT-, so that, by eliminating K, W'e 
obtain 

dxIdT ==x{\ ~x)q!RT~ . . (i) 

lidqis the heat evolved during a ^hift, dx, in the equilibrium, then 

equals — dqjq, so that 

Iq — — x{{ — x)q\! RT- . . (ii) 

lor a unit rise of temperature. The meaning of this equation may 
he best expressed by a numerical (‘xample. At T = 4tX)® (127® C.) 
''ehave, for the effective addition, — ^< 7 , to the true specific heat, 

* The author is aware tha'^ thert* arc (‘crtuin remarkable anomalies in 
Ibe specific heat data of the simpler ga>«'s and vapours, and hoiws to deal 
^itli these in a future eomttumieation, as thoir cause is not matoriid to the 
subject of this paper. 
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-Ba--= 153 x{l-x) calories. This quantity, which may be termed 
the “ false ” specific heat, has its maximal value 38 caloriM, when 
* and 1 - a; are each 50 per cent. ; the observed specific heat will 
then he 45 calorics instead of 7 calories. If either x or 1 - * is 
very small, that is to say, if hydrocyanic acid is a nearly pure 
cheLcal individual, the “ false ” specific heat will be correspond- 
ingly small; if x or 1 ^ .r were 1 per cent., then Bq would amount 
only to 1-5 calories ; if x or 1 - x were only 0-2 per cent Bq would 
only be 0-3 calories, that is, of the order of magnitude of the amount 
of variation of the specific heats of different triatomic gases from 
the average value of 7 carries. Even in these cases, however 
the method is not valueless, because the amount of variation with 
temperature of the false specific heat is particularly great when the 
quantity itself is smaU. Here again a numerical erample may 
suffice in place of the general raatheniatioal analysis. By mtegrat- 
ing equation (i), we obtain. 

from which the constant of integration can be elimmated by con- 
sidering two temperatures, say T = 400° and T ^ 500 Two 
cases have to be considered. First, suppose that hytocyanic acid 
is nearly pure HCN, so that I -xh small, of the order, et us say 
of 1 per cent, or less. Then, from equation (m),^log« (1 x ) / 
(1 --a;') = 1*75, whence, by equation (ii), h'lh' ^ ^his 

ratio is nearly independent of the value of \ — x, and represents 
the maximal proportional variation in the false ” specific heat 
when \ — X tends towards zero. Hence, although the quantity of 
HKC might be too small to be estimated from thermal data, its 
existence in the equilibrated vapour should he capable of certain 
detection by the fact that the deviation of the observed specific 
heat from its asymptotic value at low temperatures (about 6-35 
calories) is 3*7 times as great at 227° C as it is at 127 C, and that 
at other temperatures it has other easily calculated values. In the 
other case, which corresponds with nearly pure HNC,^the limiting 
value, as x tends towards zero' of the ratio is 0*11, so 

that the variation with temperature is in the opposite sense. 

It should be possible, therefore (a) to obtain an approximate 
measurement of the equilibrium if the scarcer constituent is present 
in a greater proportion than 1 per cent. ; (6) if this is not the case, 
to detect the equilibrium, distinguishing between HCtN containing 
a trace of HNC, and vice versa. It raa^ be stated at once that the 
experiments described in this paper point definitely to the con- 
clusion that gaseous hydrocyanic acid is a mixture consisting mainly 
of HCN (formonitrile) in equilibrium with a small amount, prob- 
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ably only a few tenths of one per cent, of the isomeric form HNC 
(carbylaminc). 

Corresponding with the deviations in the specific heat at constant 
volume (Cj), there are similar deviations in the specific heat at 
constant pressure ((7^), which is greater than by a nearly con- 
stant amount, T\h^j'bT\{hvjhT'\p = J? approximately. Deviations 
in the opposite sense will, therefore, appear in the ratio 7 — CpjC^, 
the normal value of which for a triatomic gas is close to 1*30. 
There seems to be a general tendency for the value of 7 for tri- 
atomic gases to fall slightly with rising temperature, owing to 
causes as to the true nature of which no kind of agreement appears 
to have been reached. The character of the ultimate cause need 
not, however, concern us here, because an examination of the 
published data regarding such gases as carbon dioxide, sulphur 
dioxide, and water vapour clearly shows that in these cases the 
variations encountered are much smaller than that of the variation 
with which we have to deal in the case of hydrocyanic acid. 

The equation for calculating 7 — C^jC^ has recently been given 
by Nemst (“ Theoretical Chemistry,” 4th ed., p. 245) in a precise 
form based on the very accurate equation proposed by Berthelot. 
In order to use Nernst’s expression, however, it is essential to know 
the critical pressure and critical temperature. It happens that the 
critical data of hydrocyanic acid have not been determined, and it 
l)ecame necassary, therefore, to develop a generalised equation 
in the following way. Any e(|uation of state can be expressed in 
the form 

pu-irr[l +pf,(JT +p3f3[r] + , . . ], 

in which the successive terms represent successive orders of small 
(puuitities. On transforming van der Waals’s, Clausius’s or Dieterici^s 
equation into this form . it is found that the series in powers of p is 
infinite, but that for pressures up to a few atmospheres, aU terms 
after pfi(T) are negligibly small; Berthelot’s equation ceases at 
this term. It is clear, therefore, that, provided the function be 
cho.'^en suitably, there is no need to retain the higher powers of p, 
and \vc may adopt the expressiou 

pv ^ }iT[\ -f pf(r)] , . . (iv) 

as tlic general equation of state. In tliis expression it is supposed 
that the function f //os' been chosen suitably, for it wall appear 
imnic<liately that the precise form of this function is immaterial 
to the present discussion. Writing jp in place of v and differen- 
tiating at constant tompt^^aturc, we find, in the first instance, 
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the solution of which is 



Prom this, by Beech’s theorem (Partington, “ Thermodynamics,” 
p. 119) which applies to all fluids, independently of any equation 
of state, we obtain 

rhi /r^pl 

Comparison of equations (iv) snd (v) shows, that if, at any tempera- 
ture, the observed density of a gas is greater than its theoretical 
value in the ratio of (1 + a) to unity, the value of y for that tem- 
perature can be accurately calculated from the relation 

J/C2 , V / 

^ = Rf 0 + “ j • • • 

without any knowledge as to the critical constants. Formula (vi) 
is the one which has been employed in the present investigation on 
hydrocyanic acid, and it may be hoped that it will prove to be of 
use in other cases. 

In Table II and also in Fig. 2 will be found the values of y whi^ 
have been obtained by experiment compared with the values calcu- 
lated by the method previously outlined. It should be noted that 
one cannot calculate y from very accurately, because the exact 
value of the difference, Cp — C^, cannot be obtained without 
further knowledge relating to the deviations from the gas laws. 
Op — must, however, be a very little greater than R { ^ 1-085 
calories), and for the purposes of an approximate calculation the 
value 2 calories has been assumed. Obviously, the case corre- 
sponds with the constant maximal variation of 0^ with T in the 
region of small values of 1 — a:, the region characterised, for example, 
by the ratio — 3-7 for the tw'o temperatures 127° and 

227° (p. 1606), By interpolating the experimental results to these 
temperatures, it is easy to calcula^ that this ratio actually has the 
value 3-6 * ; and that corresponding ratios for other pairs of tem- 
peratures are equally close to what they should be. It can also 
be calculated that 1 — a; is about 0-5 per cent. ; but, it should be 

• This very close agreement evidunlly U partly accidental ; for owing to 
the superposition of the effect disco f?sed on. p. 1607 wo should have expoctctl 
to obtain a higher ratio, perhaps a little more than four units. It ia to be 
remembered, however, that ^ is a relatively ^all difference between large 
quantities, and may well be in error to the extent of 10 or even 20 per cent., 
which would more than account for the difference. 
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emphasised, very little reliance can be placed on any such con- 
clusion, by reason of the fact that a considerable proportional 
change in 1 — would have but a slight influence on the rate of 
variation of 7 with T. There can, however, be no doubt as to the 
broad result that the values obtained definitely point to the exist- 
ence in hydrocyanic acid of an equilibrium in which formonitrile 
is by far the more important constituent. 

Experimental. 

Preparation of Pure Hydrocyanic Acid . — The hydrocyanic acid re- 
quired for these experiments was prepared by allowing a 25 per cent, 
solution of pure sodium cyanide to flow into 75 per cent, sulphuric 
acid, maintained at 110°. The distillate was dried and distilled 
over calcium chloride, and finally over phosphoric oxide. The acid 
obtained in this way satisfied all the criteria for purity, and, in 
particular, possessed the stability, which Nef and others have found 
to be characteristic of the highly purified substance. 

Density of Hydrocyanic Acid . — The vapour density of hydro- 
cyanic acid has already been determined by Gautier [Ann, Ckim. 
Pkys.f 1869, [iv], 17, 119) by the Hofmann method, but the values 
which this author quotes exhibit certain peculiarities which render 
them open to suspicion. It was thought desirable, therefore, to 
make a new series of determinations. The Dumas method was 
employed, the bulbs, each of about 300 c.c. capacity, being weighed 
against counterpoises of the same weight and capacity and of the 
same quality of glass. The following corrections were applied : 

(i) Buoyancy corrections as affected by barometric changes, the 
usual scale correction being applied tf) all barometric readings. 

(ii) Hygrometric state of the atmosphere, (iii) The thermal 
expansion of the glass, (iv) Tliennal expansion of pure water. 
The values obtained are summarised in the follo^\ing table, and 
exhibited graphically in Fig 1 , from which it will be seen that the 
density does not differ apprcoialdy from its theoretical value, 0-932, 
at temperatures above 175°. The densities are calculated ^^ith 
reference to dry air under tlie sauie conditions of temjX'rature and 
pressure, and tlic error of an individual determination is estimated 
at about 0-002 of a unit. 


T.viu.k !. 

Temperature Ci'P 97. 132^ 110’ IT’r 177’ 

Density (air -= I) 0-908 0-9ol 0-9.')2 0-930 0-938 0*932 0*934 

Deiermi nation of the Spcci^e Heat Patio. — 'Flu- jnetluxl employed 
''as that of Kundt, the tube being provided with a lieating jacket 
addition to the usual accessories siich as inlet and outlet tubes 
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for the gas under investigation, an exciting rod fixed at its node 
to the tube, and an adjustable stop for. the production of echoes. 
The definition of the silica dust figures was found to be dependent 
mainly on the completeness with which the adsorbed film of mois> 
ture was removed from the silica and from the internal surfaces 
of the apparatus, and on the correctness of the adjustment of the 
refiecting stop. By attending to these points, it was usually possible 
to obtain clearly marked figures at the nodes, the positions of which 


Fig. 1. 



were then read by means of a scale graduated in millimetres, a 
sliding pointer, and a mirror to prevent errors due to parallax. 
The temperature was kept constant by passing through the jacket 
the vapour of a pure lit^uid of the required boiling point. The 
pressure was that of the atmosphere. Several tubes and vibrating 
rods were employed, the following dimensions bt'ing typical : tube, 
length 126 cm., internal diameter 14 cm. ; rod, length 94 cm,, 
diameter 1-05 cm. 

It was stated by Kuadt, and appears to be generally believed, 
that measurements made in narrow tubes contain an appreciable 
error which requires correction* Rayleigh and Ramsay {Phil 
Trans., 1895, [A], 186, 228), however, obtained correct results for 
the ratio of the specific heats of argon using tubes only 2 mm. in 
diameter, and there appears to be doubt as to the necessity for 
applying any such correction for tubes of moderate bore. In order 
to make certain as to this point, the apparatus was tested by 
determining the ratio of the specific heats of oxygen and of carbon 
dioxide. The value obtained for oxygen wa^s i’408; the mean of 
figuro.s given in the literature is 1*403. The value for carbon 
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dioxide corrected by formula (vi) was 1*312; the mean of values 
recorded by previous workers, corrected, where necessary > in a 
gimilar way, is 1*306. The differences between the new values and 
the means obtained from the literature are not much outside the 
limits of experimental accuracy (estimated at 0*003), and in any case 
are not in the sense which suggests the existence of an appreciable 
error arising from the use of too narrow a tube. 

The method employed in calculating the half-wave lengths may 
be explained by reference to an actual example. The following 
were the positions of some of the nodes o}:)tained in hydrocyanic 
arid at 140^ : ‘ 

No. of node 1 2 3 6 7 8 9 

Position 33-30 40-30 47-20 68-10 74-90 81-75 88-70 


From these numbers the half-wave lengths, >/2, were calculated by 
taking intt^rvals shown in the following table, the last column of 
which exhibits the errors of the individual measurements. 


Nos. of 
nodes 

No. of 
holf- 

wave- 

lengthg 

Length 

Half- 

Nos. of 
nodes 

No. of 
half- 
wave- 
lengths 

Length 

Half- 

including 

in 

of 

wave 

including 

in 

of 

wave 

interval. 

interval. 

interval. length. 

interval. 

interval. 

interval. 

length 

1 G 

5 

34-80 

6-96 

2-8 

6 

41-45 

6-91 

1-7 

6 

41 GO 

6-93 

2-9 

7 

48-40 

G-91 

I-S 

7 

48.-45 

6-92 

3-<i 

3 

20-90 

6-97 

1-9 

8 

55-40 

6-93 

3-7 

4 

27-70 

6-93 

2 6 

4 

27-80 

6-95 

3-8 

5 

3 4 -.55 

6-91 

2-7 

5 

34-50 

6-92 

3-9 

6 

41-50 

G-92 


In computing the average, each deterniination was accorded a 
value proportional to the number of half-waves in the interval. 

In order to calculate the specific heat ratio of hydrocyanic acid 
it is necessary to know' {a) the ratio of the specific heats of a standard 
ga.s, (6) the value of \/2 in hydrocyanic acid, (c) the value of X/2 in 
air, under the same conditions, (d) the density of hydrocyanic acid 
at the torn [)erat lire and pressure of the experiment. 

The standard gas employed was air, the specific heat ratio of 
which (1-403) is now known witl) considoralile certainty. 

The method of calculating \/2 has already Ix'cn descrilx^l; 
several exixTinumts were carried out at each temperature. Three 
experiments at 180" gave the following values of X/2 : 7*289 cm.. 
"•279 cm., 7*285 cm., the extreme variation of which is les.s than 
1 part in 700. Most of the determinations of \/2 agreed to witliiii 
I part in a tlionsand of the mean value which was ultimately 
employed in computing tho sjiecific heat ratio. 

The determination of X/2 for air was carried out in exactly the 
.•^ame way as for hydrocyanic aci<l. 



1612 TJSHDRWOOI) : TATJTOMEEISM OF DYADS. PART I. 


The density of hydrocyanic acid was read directly from the 
smoothed curve of Fig. 1 . 

In accordance with the equations given in the introduction to this 
paper, the specific heat ratio was calculated from the formula 

7m ) ■ 0-932' 


The values obtained are given in the following table, the third 
column of which contains the theoretical figures, calculated as 

Fio. 2. 



Tempera- 7 

ature. (observed). 

65° I-SIO 

100° 1*296 

140° 1-279 


Table II. 

7 Temper- 

(calculated). aturn 

1-306 182° 

1-200 ^ 210 ° 
1-279 


y 7 

(observed), (calculated). 
1-248 1-255 

1-2.38 (1-238)' 


These results are exhibited in Fig. 2. The curve represents tlie 
theoretical function corresponding with the point ( 7 " == 210 ^ 7 = 
1*238), whilst the crosses mark the values obtained by experiment. 

I am greatly indebted to Dr. Ingold foi* valuable advice. 

Impekial College of Science and Technology, 

S. Kensington. [Rscnvtd, Jum 9t/», 1922.) 
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CXCIII . — Studies in /Jatalysis, Part XV L The lun 
version of Sucrose hy Hydrogen Ion. 

Bv Thomas Moran and William Cudmore McCullagh Lewis. 

This reaction has already been studied by Jones and Lewis (T., 
1920, 117, 1120) from the point of view of activity or thermo- 
dynamic concentration. In the investigation referred to, the 
activity of the catalysing ion was alone ex})erimentally determined, 
it being assumed that the activity of other reactants could be 
identified at least approximately with concentration terms. A 
continuation of the investigation during the past two years by 
the present authors indicates, however, that this assumption is 
incorrect, and it has been found necessary to determine by direct 
or indirect means the activities of all the reactants. The reaction 
has been investigated in acid solution alone and also in the pres- 
ence of neutral salts. The present communication deals only 
with the inversion process in the absence of neutral salts. The 
acid employed as catalyst is hydrochloric in place of the sulphuric 
examined in the earlier investigation. Recently Scatchard (J. 
A?ner. Chem. Soc., 1921,43, 2387), by considering the data of Jones 
and Lewis mentioned above, has suggested a possible mechanism 
of the inversion process, but the data presented in this paper lead 
to conclusions which differ from those of Scatchard and also from 
those of Jones and Lewis. 


Experimental. 

The Activity of Hydrogen Ion in Aqueous Solutio7is of Sucrose 
ajid H ydrochloric Acid. 

Jones and Lewis {loc. cit.) found that the presence of sucrose 
greatly enhanced the activity of the hydrogen ion produced from 
the sulphuric acid. It is of interest to see if the same effect is 
produced when hydrochloric acid is the catalyst. 

The cell employed was of the following type : — 


Ho electrode 


OLV-HCl 

and 

sucrose 


•f 

saturated Normal 

KOI calomel 

electrode 


In the above cell the ^concentration of the hydrochloric acid 
maintained constant, namely 0*KV., whilst the concentration 
* Compare alao Garner and Masson, Phil. Mag,, 1921, [\'i], 41, 484. 
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of the sucrose was varied from 0 to 70 grams per 100 c.c. of solu- 
tion. Measurements were made at two temperatures, 25° and 
35°, and the activities of the hydrogen fon calculated by means of 
the formulae 

tth = 0-2820 + 0’059 login at 25°, 

= 0-2915 + 0-061 login 35°. 

The absolute value of the normal calomel electrode was taken to 
be -f 0'56 volt at 18°. The temperature coefficient of this elec- 
trode is 0 '00068 volt per degree {compare Chroustchofi and Sit- 
nikoff, CompL 1889, 108, 941), and therefore its value at 
25° is 0*5648 volt and at 35° .is 0-5717 volt. 

The data obtained are given in Table I. It will be observed that 
sucrose inc^ea^ses the activity of hydrogen ion in the above case 
very markedly, even to a greater extent than was observed in the 
case of sulphuric acid. 

The Activity of Water in Solutions of Sucrose. 

The activity of water in solutions of sucrose may be obtained 
from an analysis of the data of Berkeley and Hartley {Phil. Trans. ^ 
1919, [A], 218, 295) and of Berkeley and Stenhouse {ibid.), who 
have determined the values of tto/tti at the two temperatures 0“ 
and 30°, where is the vapour pressure of w ater and tti is the 
vapour pressure of the aqueous solutions of sucrose. An examin- 
ation of these data shows that the values of tto/tti corresponding with 
any concentration of sucrose at the temperatures 0° and 30° differ 
by less than 0-4 per cent. (Thus w-hen the concentration of sucrose 
is 2-16 molar the difference is 0-36 per cent. This is the greatest 
difference, and for low'er concentrations of sucrose the difference is 
very much less.) Hence, in calculating the activity of water at 
the tw-o temperatures 25° and 35°, we may assume that the slope 
of the curve is the same as that observed at 30°, although the initial 
absolute value alters with the temperature. The relative variation 
in the vapour pressure with alteration in the concentration of 
sucrose is given in the following table. 


C 

Tabi.e II. 


Cone, of sucrose 

*■]! when TTfl 

Cone, of Run-OHO 

TTj wlien TTj) 

in moles per litre. 

=- 1-000. 

in inolos per litre. 

- 1-000. 

00 

1-000 

1-109 

0-968 

0-292 

0-994 

l-4(/0 

0-955 

0-585 

0-987 

1-755 

0-938 

0*877 

0*979 

2-047 

0-914 


To obtain the absolute values for the vapour pressures at 
25 and 35 it is necessary to multiply each of the above values 
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by the vapour pressure of the solvent at that temperature, ttq at 
25° is equal to 23’69 mm., and at 35° to 42 02 mm. For the 
present purpose it is sufficient* to have the relative absolute 
values, namely, ttq at 25° set equal to 1*000, and at 35° equal to 
1-000 X 42’02/23-69, that is, 1‘774. 

The Hydration and the Activity of Sucrose. 

On the assumption that the activity of sucrose is its concentra- 
tion per free water space, several investigators, notably Porter 
{Trans. Faraday Soc., 1917, 13, 123), have shown that the observed 
osmotic pressures of sucrose solutions can be accounted for by 
taking hydration into account. Employing the relation 

ItTm 

Pci,. = = Wmjc^,pp~nm) 

where is the activity of the sucrose, m is the number of moles 
of sucrose per litre of solution, Ch^) is the number of moles of 
water (if = 18) per litre, of solution, and n is the degree of hydra- 
tion of the sucrose, it is found that the osmotic pressures observed 
by Frazer and Myrick (J. Amer. Chejn. Soc., 1916, 38, 1907) require 
6 (up to 20 grams of sucrose in 100 cc. of solution), this value 
decreasing to n“4 in agreement with Frazer and Myrick ’s molar 
fraction method of calculation. As a matter of fact, the value 
n = 4 holds to 2 per cent, over the dilute region, and more accu- 
rately over a wide range of concentration beginning with 40 per 
cent, sucrose. This assumption is therefore sufficiently accurate 
for the present purpose. 

Similar treatment of the osmotic data obtained by Berkeley and 
Hartley {Phil Trans., 1916, [A], 206, 481) in the case of glucose 
shows that the observed osmotic pressures can be satisfactorily 
accounted for on the basis that n = 2. 

The conclusion that over a considerable range the osmotic 
behaviour of sucrose and of glucose requires respectively the 
existence of a tetrahydrate and a dihydrate suggests naturally 
that two molecules of the water of hydration are attached to the 
uxygen atom of the ring present fn each half of the sucrose mole- 
cule, the hydrated form being an oxonium compound. 

The JJnwiolecular Velocity Constant in Term of Acimly. 

As the polarimeter measures change of concentration, C,, of 
sucrose ivith time and not change in the activity, a„ it is necessary 

* The practically constant correction in t\te vapour pressures for the 
effect of the O’127.hydrochloric acid, of the order 0-2 per cent., is neglected, 
since only relative values are required. 
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to find the relation between the observed velocity constant and the 
velocity constant involving the activity of the sucrose. Examin- 
ing this point further, the mode of expressing the unimolecular 
constant presents a difficulty to which attention does not seem to 
have been directed hitherto. The velocity may be written either as : 

— dCgIdt = ka X a, , . . (1) 

or 

“ dujdt = ka X ttg . . . ( 2 ) 

In general we understand, by a velocity of chemical change, a rate 
of disappearance of mass of material, and this implies that velocity 
is identical with change in concentration. At the same time, the 
principle of mass action, as expressed in terms of activity, requires 
that the rate should be proportional to the activity, that is, equa- 
tion (1) seems to be the more correct way of expressing the rate. 
On the other hand, the polarimeter method leads to a velocity 
constant, 'vliich is necessarily defined by 

- dCJdh^ X C, . . . (3) 

Combining equations (1) and (3), wc have 
ka X a, X C\ 

or ka " ^obs. X ~ ^obs. X ^Iini'orr./^corr. ~ ^ob?. X (T 
where V is the volume of the solution and v is the volume 
occupied by the hydrated sucrose. Hence (V~v)iV is the 
volume of “ free water per c.c. of solution. Consequently, 

ka ~ ^obs. X 0-018 X (Cone, of free water) . (4) 

Table IV contains the values of at 25^ and 35^ determined 
great care in this laboratory by ^liss D, E. ^lerriman, M.Sc., 
together with the values of k^ calculated by means of equation (4). 
O'LY-Hydrochloric acid is employed as catalyst, and the values 
of are expressed in secs."', with logarithms to the base r. 


Table III. 


Initial cone, 
of suerosc! in 

Cone, of free 

^ 10^ 

X\, ;< uy- 

X-.M, y 10® 

k., X IDS 

moles per 
litre of fioln. 

water per 
litre of soln. 

at 25'’. 1 

at 25 ^ 

at 35’. 

at 35^ 

0-000 

55-55 

1-21 

1-21 

5-00 

5-00 

0'202 

50-78 

1-36 

1-24 

5-65 

5-165 

0-585 

46-H 

1-52 

1-26 

6-33 

5-25 

0-877 

41-48 

1-68 

1-20 

7-00 

5-23 

M09 

36-94 

1-83 

1-23 

7-66 

5-09 

1-460 

32-25 

1-99 

M6 

8-33 

4-84 

1-755 

27-57 

2-15 

1-07 

9-07 

4-50 

2047 

22-75 

• 2-30 

0-94 

9-66 

3-96 


It will bo observed that the values <^f k^ at both tompratures 
!0 through a maximum. 
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The, Mejchanism oj the Inversion Process. 

In suggesting a mechanism of the inversion process it is essential 
to take into consideration the structural organic side of the problem 
as well as the calculation of satisfactory critical increments for 
the reactants from the calculated velocity constants. Armstrong 
(“ The Simple Carbohydrates and the Glucosides/^ p. 133) con- 
siders the inversion process to originate at the oxygen ring in the 
fructose side of the sucrose molecule, which would lead ns to believe 
that either a totally unhydrated sucrose molecule or one with no 
water of hydration attached fo the fructose portion should be the 
reactant. On the latter basis, the mechanism of inversion would 
consist essentially of two consecutive processes. In the first place, 
a molecule of sucrose dihydrate combines with an unhyiated 
hydrogen ion giving an additive product which, however, has only 
a fugitive existence, since one or more of the contiguous water 
molecules immediately reacts with this complex to give glucf^e 
dihydrate, fructose, and hydrogen ion. The above mechanism 
may be expressed by the following ec[uations, in which S stands for 
an unhydrated sucrose molecule and y denotes an undetermined 
number of water molecules : 

(i 8 , 2 H 20 ) + H' — > (/?, 2 H 20 ,H')( measurable speed) . ( 1 ) 

-f ^ glucose, -j- fructose +11' + 

(//—I) H^O (immeasurably fast) . ( 2 ) 

It will be observed that the process here considered differs from the 
mechanism suggested by Jones and Lewis {loc. cit.) in that, on the 
earliest view^, the formation of the complex ion was regarded a.s 
occurring immeasurably fast and the actual existence of a complex 
ion was postulated, whilst on the present basis this is no longer 
assumed to be true, the measurable process being the reaction 
between an unhydrated hyc+ugen ion and sucrose dihydrate. 

The reaction expressed in equation (1), Ixing the alow' one, 
determines the rate of inversion, and moreover, since it is himole- 
cular, we should expect the viscosity, which change.^ greatly in the 
system under consideration in view of the wide range of “'sucrose 
concentration employed, to play an important role. TTie detailed 
treatment given below indicates that this is the case, and furtlier- 
more that the power to which the viscosity has to be raised to account 
quantitatively for the velocity constant is identical, within the limits 
or eiTor, wth that calculated for the elTect of viscosity on the 
mobility of the hydrogen ion as given 'by conductivity measure- 
ments. Of the two reactants sucrose dihydrate and the unhydrated 
ydrogen ion, the latter is the fast moving ion and it is this which 
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will in the main be affected by alteration in viscosity, since wc can 
regard the sucrose molecule as practically stationary. Let us sup- 
pose that the viscosity factor for this ion is that is, the speed of 
the diffusion of the hydrogen ion varies inversely as the viscosity (t?) 
of the solution raised to the power x, then from the equation 


it follows that 


{^,2H20) + H* (^,2H20,H*). 


. . . , 

rate of inversion = Ic^i X asm,o X -v 

’ • 7 )* 


where 2 ir,o denotes the activity of sucrose dihydrate, and Un- 
denotes the activity of unhydrated hydrogen ion. 13 ut from the 
direct inversion measurements themselves, we have already shown 
that 

rate of inversion ~ X 

where the values of kc^ are given in Table TV, and the 

activity of the sucrose which has been shown probably to exist 
almost entirely in the form of the tetrahydrate. 

Denoting by K the equilibrium constant between sucrose 
dihydra tc and sucrose tetrahydrate, that is 

K U£[,4H,0 / ^S,2H,0 X 

it follows that 


rate of inversion — X ih.o /(-^ X o^h.o) X an- / 
or {^a X X X K)lai[. 

The best values of .r, determined by the method of least squares, 
vhich give the best constant for k\i at 25^ and 35" are 0-52 and 
Ooo respectively. The results arc shoMii in Tables and VI. 
The absolute values of the viscosity at 25" and 35" were deter- 
mined by Powell (T., 1014, 105, 3). 


Table IV. 

.Y/ 10- Hydrochloric acid as catalyst. Temperature 25®. 

Grams of 

sucrose /•, . 

per k X lU® ,1" X 10* - 

KiOc.o. 

of Av, V y X 10«' 


solution. 

X 10\ 

rj|,. 


V- 

U0---‘L 

u, 

0 

1-21 

0'080 

1-(X)0 

0-00004 

o-os(jr> 

13- 

10 

1-24 

009() 

0-904 

0-01187 

0-1 uoo 

12- 

20 

120 

0-1 IT) 

0-9S7 

001G22 

0-1172 

12- 

1^0 

1-20 

O'KIO 

0-979 

0-023GG 

0-1428 

12- 

40 

1 * 2:1 

01G7 

0-9f;8 

00;iG83 

0-1797 

12- 

50 

MG 

0*200 

0-95.5 

0-00171 

0- 2:14 8 

12- 

60 

1*07 

0-240 

0-938 

0-1149 

0-324G 

12-' 

70 

0-94 

0-288 

0-914 

0-2335 

0-4 G94 

12-1 
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Table V. 


i^/lO-Hydrochloric acid as catalyst. Temperature = SS*". 


Grams of 


sucrose 


per 

100 c.c. 
of 

solution, ka X 10^. 
0 5-00 

10 5-166 

20 5-25 

30 5-23 

40 5*09 

60 4-84 

60 4-60 

70 3-96 


Ah* 

«h:,0' 

5?- 

0-083 

1-774 

0-00726 

0-099 

1-764- 

0-00932 

0-118 

l-75i 

0-01270 

0-142 

1-737, 

0-01795 

0-170 

1-718 

0-02713 

0-204 

1-694 

0-04321 

0-245 

1-664 

0-07781 

0-293 

1-622 

0-1460 


i X 10‘ = |! X 10‘ = 


kg X X T)**'^* X 10. 




0-0667 

12*6 

0-0763 

12-4 

00906 

12-3 

0-1096 

12-2 

0-1375 

12-2 

0-1777 

12-1 

0-2455 

12-5 

0-3471 

12-3 


At both temperatures the values of kn/X are satisfactory, Ihe 
fact that the index of the viscosity correction differs from unity 
follows from the inapplicability of Stokes’s law in the case of ions. 
Macinnes (J. Amer, CAem. Soc., 1921, 43 , 1217) shows that the 
correction in the case of chlorine ion holds for all dilutions 
of this ion, whilst Green (T., 1908, 93 , 2049), from determinations 
of the conductivity of hydrochloric acid in the presence of sucrose, 
finds the correction for this acid to be at infinite dilution. 
On the other hand, unpublished work by ^Ir. A. J. Kieran in this 
laboratory shows that the viscosity correction in the latter case 
is Employing these facts, it is readily show that for 

hydrogen ion alone, using the observations of Macinnes and Green, 
the index of the viscosity factor should be 0-52 at 25®, whilst 
combining the conclusions of Macinnes and Kieran the index should 
be 0-55 at 25°. In view of this, the value 0-52 obtained from the 
examination of the kinetics of the inversion process at 25° is very 
significant. It constitutes considerable evidence in favour of the 
mechanism outlined above. 

In connexion with the activity of water, a relatively minor 
point arises as to the exact manner of expressing this (juantity. 
In accordance with the usual mode of expression the activity has 
been identified in tables V and VI with the vapour pressure. In 
view, however, of the general concept of activity as a modified 
concentration term, it would seem more correct to employ the 
concentration, G, of saturated vapour, instead of the pressure, the 
vapour being regarded as a perfect gas (the variation of C with 
temperature is governed by the internal latent heat of vaporisation 
of the solvent, whereas p is determined by a larger quantity, 
namely, the observed latent heat). Employing C instead of p, the 
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ratio of k at 35^ to h at 25^^ (where k = will be decreased 

by the square of the ratio of the absolute temperatures, that is, by 
(298 /308)^ = 0*936, whence the critical increment, as defined 
by the equation 

d\o^ kjdT 

is found to be 40,200 calories. 


The Critical Increment of the Inversion Process. 

It has been shown that 

hi ^ ih X a^H^o X 7}^ X K)laji. =^k X K, 
where k is the constant given in the final column of the preceding 
tables V and VI. It follows that 

d log hijdT = d log kjdT + d log KjdT. 

Expressing the activity of water in terms of the concentration of 
saturated vapour, it has been shown above that 

rflog kjdT ^ 40,200//?7’2. 

Denoting by Q the heat absorbed in the reaction 
^ + 2H2O, 

it follows from the definition of K that 

dlogKjdT^ -QjRT^. 

Further writing 

dlog hijdT ~ ^rodttants/^^ 

where is the sum of the critical increments of sucrose 

dihydrate and unhydrated hydrogen ion with respect to the 
inversion process, we have 

^teactante- *^0,200 -^. 

It is evident that, to evaluate a knowledge of Q is 

required. This is not given by an examination of the inversion 
process itself. Moreover, since sucrose docs not form a solid 
hydrate, its heat of hydration is not known. From an inspection, 
however, of the observed heats of hydration of other sugars, Q 
would appear to be about 5000 calories. Hence it follows that, 
for the process of inversion, ^rcactaats is fo 35,000 calories, in 
round numbers. This quantity represents the sum of the individual 
critical increments of the sucrose dihydrate and unhydrated 
hydrogen ion. This, it will^ be observed, is decidedly greater than 
fh? critical increment calculated direclhj from the unimolecular 
velocity constants themselves. 
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Sulphuric Acid as Catalyst, 

It is necessary to sec whether the conclusions arrived at in th( 
preceding section regarding the mechanism of inversion, basec 
on the results obtained with hydrochloric acid as catalyst, art 
equally applicable to the case in which sulphuric acid is employed 
For this purpose the data previously obtained by Jones and Lewif 
[loc. cit.) are given in the following table, the final column of whioli 
contains the values of ^ — Kil^) calculated in prcciseiy\he saint 
manner as in tables V and VI. 

',Uable VL 


^/10-Sulphuric acid as catalyst. Temperature = 20°. 


Grams of 







sucrose 

<o' 






per 

100 e.e. 

O 

X 

o 




I X 10« = X 10« = 

of 


X 




^(i X X X 10», 

Bolution. 



On'. 

QH|0' 

V- 

a„.- ■ 

0 

414 

4-14 

O'Oeo 

1-000 

0-01035 

0-0928 6-40 

10 

4-43 

4-05 

0-068 

0-994 

0-01359 

0-1069 6-44 

20 

4-79 

3-98 

0078 

0-987 

0-01857 

0-1258 6-26 

30 

5-21 

3-89 

0-0895 0'979 

0-02707 

0-1531 6-38 

40 

5-54 

3-68 

0-105 

0-968 

0-04215 

0-1884 6-33 

50 

5-95 

3.455 

0-118 

0-955 

0-07063 

0-2520 6-73 

60 

G-22 

3-09 

0-139 

0-938 

0-1314 

0-3481 6-81 

70 

0-29 

2-58 

0-1G2 

0-914 

0-2673 

0-5135 6-69 







Average k-xf^ - 6-51 x 10'«. 




Temperature ^ 40. 

Grams of 







sucrose 

o’ 





1, , 

per 

100 c.c. 

o 

X 

b 




kx 10*--^’‘xl0* = 

of 

solution. 

i 





h, X U'lfjo X X 10* 



0,1'. 


V- 

'a,r 

0 

5-98 

5-98 

0-050 

3-150 

0-00659 

0-0631 7-49 

10 

0-73 

6-15 

0-056 

3-131 

0-00846 

0-072(5 7-82 

20 

7-37 

6-12 

0-062 

3-109 

0-01138 

0-0853 8-14 

30 

8’04 

O'OO 

0-UT8 

3-083 

0-01593 

0 1025 7-49 

40 

8'80 

5-85 

0-091 

3-049 

0 02364 

0 1275 7-62 

50 

953 

5-53 

0-109 

3-008 

0-03731 

0 1637 7-51 

00 

10-22 

5’07 

0-130 

2-8S7 

0-065.30 

0-2228 7-25 

70 

10-92 

4-47 

0-152 

2-87* 

0-1200 

0 3200 7-80 


Average - 7^64 x lO"* 


It will be observed that the values at both temperatures in the 
final column are reasonably constant. The meclianism a.s.sumcd 
applies Ihere/orc in this case. Further, the energy term, 4 
calculated from the change of i ( = k^jK) with temperature, allow- 
anoe being made as before for the substitution of saturated vapour 
in place of the vapour pressure in the case of water, leads to the 
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value 42,000 calories, which is in reasonably good agreement with 
the value 40,200 calories obtained with hydrochloric acid as 
catalyst. The lower value is regarded, however, as the more 
accurate. 


AUermtive Mechanisms and Reasons fen- their Rejection, 
Inversion mechanisms other than that employed above were 
considered and rejected either on the ground of requiring unsatis- 
factory values of x or of leading to too great values for the critical 
increment. Of these the only one which appears to possess any 
likelihood is that involving unhydrated sucrose and hydrated 
hydrogen ion. It is found that a satisfactory constant for is 
obtained if the value ascribed to the power of the visco.sity is 
X -- (1‘54 at 25 and x — 0‘58 at 35”. These values in themselves 
arc in accord with conductivity data. On this basis, however, the 
sum of the critical increments of unhydrated sucrose and hydrated 
hydrogen ion is found to be 49,000 calories, which seems excessive. 
On statistical grounds, the probability of complete dehydration of 
a sucrose molecule is small compared wuth that for partial dehydra- 
tion such as is required by the process already considered in detail, 
and consequently this alternative process is regarded as less likely 
than the one given in the preceding section. 


Summary. 

1. Electrometric measurements of the activity of hydrogen ion 
in various aqueous luixture.s of sucrose and hydrochloric aefd have 
been made at 25” and 35”. 

2. Irom an analy.si.s of the o.smotic and vapour pressure deter- 
minations of a(iucous solutions of sucrose, tln^ activities of sucrose 
and water have been calculated. 

3. Values for th(^ true imiiuolecular velocity con.stants oi inversion 
mterms of activity have been calculated from the observe^d velooitv 
constants. 


4. I sing the data referred to above, the meelianisin of the in- 
version pruces.s lias been examined. It appears to involve the 
nscosity of the solution and it is shqwn that the power 0-52 to which 
the viscosity has to lie raised to account for the velocity etfect at 
ir IS practically that required to account for tlio conductivity 
behaviour, ytoicfieiomotrically, the process of inversion involves 
t '^ 0 consec u ti ve reac t io n.s , namely 

. . (measurable speed) 
+,vH 20 — ► glucose, SH.O + fructose + 

{y— I) HgO . (immeasurably fast) 
S stands for an unhydra tod sucrose molecule. 
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5. The sum of the critical increments of sucrose dihydrate and 
unhydrated hydrogen ion is calculated to be approximately 35,000 
calories. 

One of the authors (T. M.) desires to express his indebtedness to 
the Department of Scientific and Industrial Research for the award 
of a grant. 

Mcspratt Labobatory of Physical and Electro-Chemistry, 

TJnivbrsity of Liverpool. [iZeceived, April 1922.] 


CXCIV . — Studies on Hypophosphorous Acid, Part I V. 
Its Reaction with Cupric Chloride, 

By Alec Duncan Mitchell. 

It has been shoAvn in previous communications (T., 1920, 117, 
1322 ; 1921, 119, 1266) that hypophosphorous acid effects re- 
duction by means of an “ active ’’ form, which is designated, for 
purposes of formulation, as the fully hydroxylated compound 
H 5 PO 3 , but the precise constitution will, it is hoped, be eluci- 
dated by some projected experiments with alkyl derivatives— the 
dialkylphosphinie and alkylphosphinous acids. The active form 
reduces iodine and mercuric chloride rapidly, and the velocity of 
reduction is independent of the concentration of iodine or mer- 
curie chloride (unless it is very dilute) and is conditioned solely 
by the rate of formation of the active form from hypophosphorous 
acid molecules. It follows that the molecules are normally in 
equilibrium with a small proportion (probably much less than 
1 per cent.) of this active form. Baly has suggested {Ann. Reports, 
1921, 18 , 41) that this time-reaction is due to the activation of the 
molecules by the catalyst, which is giving to them the required 
energy increment, but this is a physical generalisation which doubt- 
less constitutes a stage in all reactions, and in this case a purely 
chemical explanation for the time -re act ion is quite possible. The 
oxy-acids of phosphorus exhibit a marked tendency to assume 
the quinque valent form, as is shown by the monobasicity of hypo- 
phosphorous acid and the di basicity of phosphorous acid, and 
Arbuzov {J. Russ. Phys. Ckem. Soc., 1906, 38 , 687) has shown that 
the trialkyl oxygen-esters of phosphorous acid readily pass into the 
quinquevalent form, PiORjj PRpiOR)^, so that the possible 
existence of the ter valent form of hypophosphorous acid, HP( 0 H) 2 t 
which would be very reactive, supplies a chemical explanation. 
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The reaction between hypophosphorous acid and copper sul- 
phate is interesting in that the salt is reduced ultimately to the 
hydride, CU 2 H 2 . The products of this reaction in weakly acidic 
solution have been studied by Firth and Myers (T., 1911, 99, 1329), 
who showed that one obtained a mixture of hydride, phosphate, 
and suboxide, and it appeared to be of interest to follow the course 
of the reaction kinetically. A few preliminary experiments showed, 
however, that it was even more complicated than anticipated, 
and, in the hope of elucidating the earlier stages of the reaction, 
cupric chloride was studied instead, since, in the dilutions used, 
this is reduced only to cuprous chloride, and the hypophosphorous 
acid is oxidised only to phosphorous afcid. It is found that, in this 
case also, the velocity of reduction is independent of the concen- 
tration of the copper if it exceeds decimolar, and is almost identical 
with the rates of reduction of iodine and mercuric chloride in 
similar circumstances, being limited by the rate of change of hypo- 
phosphorous acid to its active form. 

The chief interest centred, therefore, in the examination of 
the reaction in very dilute solutions of copper chloride, where this 
reaction becomes so slow that it is of a lower order than that of 
the change HgPOg — ^H^POg, and is then the only measurable 
reaction. The change is represented stoicheiometrically by the 
equation : H 5 PO 3 -h 2 CuCl 2 - H 3 PO 3 + CugClg + 2HC1, but 
mathematical analy.sis shows that this reaction also is composed 
of two stages. The results are necessarily very complex, and their 
interpretation rests, to sojne extent, on circumstantial evidence, 
since their complete mathematical treatment (although fairly 
confirmatory so far as it goes) is limited by lack of data as to the 
two-stage ionisation of cupric chloride. It is hoped, how'ever, 
that the results will prov(^ of use in the further study of the reaction 
with copper sulphate, whieh is relatively so slow that it is inde- 
pndent of the hypophosphorous acifl change, and deptmds onlj' 
on the reaction betwTcn active acid and copper sulphate. 

The discussion can be divided into three parts : 

(a) Comparatively strong copper eldorido solutions in which the 
dowost reaction is that concerning the chang(‘ of hypophosphorous 
acid to its active form, and in which this constitutes the measur- 
able reaction ; 

[h] Weak copper chloride solutions, in which the foregoing 
^'action is relatively so fast as not to affect the measured velocity, 
^bich concerns only the subsequent changes : and 
(c) Solutions intermediate in strength betw’een these two classes, 
which the reactions are of the same order and are superimposed. 
Cau (a)— For copper solutions of this class, the method of treat- 
'OL. CXXir. 3 L 
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merit adopted in previous communications {loc. cit,) is applied, 
with a slight modification due to the effect of the copper chloride 
on the ionisation of the hydrochloric acid. The “ total ion ” 
hypothesis, of which use has previously been made, assumes that, 
in a mixture of two binary electrolytes having a common ion, 
each has the same degree of ionisation that it would have if 
present alone in the same total ion concentration. This has not been 
extended to ternary electrolytes with any certainty, but is here 
adapted to the case of copper chloride as follows : the hypothesis 
is obviously equivalent to stating that the degree of ionisation 
for each electrolyte is the same as it would have been if present 
alone with the same concentration of the common ion, and in thi 
form it is applied to the case under discussion. This modificatioi 
is equally probable on theoretical grounds, in view of the theorie 
of isohydric solutions, and is simpler in its application ; moreover 
as the effect of the copper chloride in depressing the ionisation o 
the hydrochloric acid, as found by graphical means on this hypo 
thesis, rarely exceeds 7 per cent., it is unlikely to cause an actua 
error of more than 1 per cent., but the error in the case of coppn 
chloride itself may be much greater — a point which is discussed 
more fully later. 

As before, for the reaction H 3 P 02 ~>H 5 P 03 catalysed by 
hydrogen ions, one deduces the equation 

dsjdt — khiliil ~ di) . . . . (1) 

since the “ active ” acid is being utilised as fast as it is formed 
and the reaction is therefore direct and not reversible ; I is the 
initial concentration of hypophosphorus acid and a its degree of 
ionisation, whence /(I — x) is the concentration of the undis- 
sociated molecules ; h is the total hydrogen-ion concentration 
initially, and k is the velocity coefficient for the direct oquilibriura 
change that for the reverse change, not being concerned in 
these cases). After a time /, s is the concentration of phosphorous 
acid foniied or of hypo phosphorous acid oxidised ; and the fore* 
going symbols have suffix t added : h, however, is nearly a linear 
function of s, and may be replaced by [h -f ms), m being the mean 
coefficient of increase of h with s in any particular experiment; 

(1 —x/f) is the value of (I — a) half-way through each particular 
period. The integration of ( 1 ) gives: 

{1 ~ aid {h -f ml)kt = log^/^ + ms)jh + log,;/(/ — 5 ) 

^ log, h,!h Jr log Jll, . . ( 2 ) 

The values of k in case (a) are moderately concordant and the 
mean (111 x 10 ' is in fair agreement with those obtained in the 
cases of iodine and mercuric chloride, 128 x 10' ^ and 134 X 10'*. 
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respectively, there being a variety of causes which makes the 
lower value less accurate. Experiment 25 is shown in detail and 
the remainder are summarised in Table I, 


Experiment 25. 



a - 

■ 99-7, m 

= 1-438. = 0-517, a,icj = 

^ 0 850. 



t. 

28. 


a. 

1 — an 

H'p- 

h. k: 

X 10*. 

0 

— 

21-06 

— 

0-553 

— 

12-10 

12-10 




10 

2-88 

19-62 

2-45 

0-527 

0-460 

11-53 

13-98 

109 


20 

6-84 

18-14 

4-97 

0-500 

0 473 

10-95 

15-92 

106 


30 

9-04 

16-.54 

7-69 

0-478 

0-487 

10-46 

18-15 

105 


45 

1416 

13-92 12-04 

0-447 

0-505 

9-79 

21-83 

106 


60 

19-96 

11-08 10-97 

0-417 

0-522 

9-13 

26-10 

106 


75 

25-32 

8-40 21-52 

0-391 

0-538 

8-56 

,30-08 

107 


90 

30-52 

580 25-94 

0-370 

0-553 

8-10 

34-04 

110 









Mean 

107 

X 10' 





Table I. 





Expt. 

a. 

1 


a. 

H-]. - h. 

k X 10*. 

oHei- 


acuci* • 

*26 

19-76 

21-96 


0-544 

12-22 

104 

0-913 


0-700 

30 

39-72 

20-60 


0-553 

11-83 

Hi 

0-885 


0-637 

33 

79-76 

21-06 


0-549 

11-83 

107 

0-859 


0-.551 

33a 

78-56 

21-96 


0-544 

12-22 

113 

0-859 


0-551 

36 

30-00 

20-60 


0-553 

11-83 

110 

0-895 


0-668 

37 

49-84 

20-60 


0-55.3 

11-83 

HI 

0-878 


0-610 






Mean 

109 X 

10'* 




Experiment (io. 


a 

11 

o 

o 

m -- 1-418, 0-553, ajic] 

- 0-860, 

tt.ViiCl 

- 0-730. 

t. 

2s. 

U. 

H^k-1- 

a. 

l-Ojj. 

H*,,. 

h. 

/: X 10*. 

0 

— 

10-58 

— 

0-650 

— 

7-02 

7-02 



5 

0-27 

10-44 

0-23 

0-646 

0-352 

6-9S 

7-21 

104 

10 

0-.58 

10-29 

0-50 

0-640 

0-354 

6-91 

7-41 

106 

20 

M8 

9-99 

1-03 

0-630 

0-360 

6- SO 

7-83 

106 

30 

1-83 

9-66 

1-57 

0-618 

0-365 

6-68 

8-25 

105 

45 

2-88 

9-14 

2-48 

0-602 

0-372 

6-.50 

8-98 

107 

60 

4-05 

8-55 

3 48 

0-586 

0-382 

6-33 

9-81 

1(J9 

75 

5-27 

7-95 

4-54 

0-571 

0-390 

6-17 

10-71 

110 

m 

6-54 

7-31 

5-62 

0-55(> 

0-,398 

6-00 

11-62 

111 

105 

7-58 

6-79 

6-52 

0-544 

0-4O6 

5-87 

12-39 

108 







Mean 

107 x 10 -* 





Table 11. 




ExpL 

a. 

1. 

a. 




63 

10-00 

20-49 

0-551 

11-83 117 

0-860 

0-553 0-730 

66 

19-92 

20-94 

0-551 

11-83 126 

0-855 

U-532 0-730 

69 

20-13 

10-58 

0-650 

7. 

02 1 14 

0-8,55 

' 0-532 0.730 


Moan fincludinj: Xo, (id) ll(i x 10'*. 


Certain experiments carried out in the pro.'^eiioe of A"; 2-sodium 
chloride gave similar constants which remained unaffected until 
the copper chloride became as dilute as 3/ 50, although without 

* Only the initial vnluf iu recorded hen.' os « is below M/10 (p. 1628). 

3l2 
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additional sodium chloride the constancy began to fail when the 
copper became weaker than M/IO. Experiment 65 is given as 
an example of the sodium chloride series, and the remainder are 
summarised in Table II. 

As before, all concentrations are multiplied by 206 in order to 
avoid small decimals, and represent, therefore, gram- molecules 
per 200 litres. The initial molecular concentration of cupric 
chloride is denoted by a, wherefore (a — 2s) shows the concentration 
of unchanged cupric chloride. 

The degrees of ionisation of the three chlorides are indicated 
by oc with the appropriate suffix, these being a mean in each experi- 
ment, the values at the beginning being slightly less, and those 
at the end slightly greater. The method whereby these are obtained 
is described later, but the increasing proportion of the highly ionised 
hydrochloric acid nearly compensates for the loss of chloride ions 
as cuprous chloride, and thus nearly maintains constancy of these 
values in each experiment. 

H'hci represents the hydrogen-ion concentration derived from 
the hydrochloric acid, and Hh’ that derived from the hypo- 
phosphorous and phosphorous acids, which have nearly the saine 
degree of ionisation, and which have a constant molecular total, 
allowance being made for a small proportion of phosphorous acid 
originally present in the hypophosphorous acid. 

The temperature was 25“ throughout. 

Case (6) —When the reaction is so slow that it proceeds at ]es.s 
than one- tenth of the rate at whicli tiie hypophosphorous add 
is capable of being transformed into its active form under the 
particular condition.?, the concentration of the active form may 
be regarded as constant and projmrtional to V I (1 — a), the con- 
centration of the hypophosphorous acid tnoltcules, for the active 
form is produced at the rate khl' -- k-Jaj, y being its concentration 
at any particular moment, and it is being used at the rate dsidt: 
y Will be slightly less (say, by hy) than it.s tnn^ equilibrium value, 
which is ~ khl ' so that dyjdt -- r- kid' — — Sy) — ds'di, 

and as dyjdt is small compared with ds’di and still sitmller compared 
with kid', one imay put 

iUe~~^y) ^ - (hldt);kyh - kl'zjk^iz -f 1), 

wherez khl'jidsjdt) ~ 1 ; that is, y = — 3y) oc I' {zjz + 1). 

and in the case under di.sciission we are consideri/ig only velocities 
such that dsjdt is less than khl' jU), that is, z > 9, that is, if y is 
taken as proportional to I' the error mvolved will bo 10 per cent, 
when the velocity is one-tenth of the maximum, or 2 per cent, 
when it is one-hftieth of the maximum, and so on. 



ITS REACTIOK WITH CTTPRIC CHLORIDE. 


1629 


From a consideration of the velocities obtained when z is 
greater than 9, it was found that (1) when all other con- 
centrations were constant, or nearly so, the velocity was 
very nearly proportional to l\ the concentration of the hypo- 
phosphorous acid molecules ; and (2), similarly, other concen- 
trations being constant, the velocity was very nearly proportional 
to the square of the concentration of the cupric chloride. The 
experiments carried out with the addition of sodium chloride, 
intended to depress the ionisation of the copper chloride, 
showed an increase in velocity which was much greater than 
could be attributed to the increase in the un-ionised copper 
chloride molecules, and which therefore directed attention to 
the part played by the chloride ions. In addition to this, 
the substitution of iV'/lO-hydro chloric acid for W/lO-sodium 
chloride unexpectedly gave much low'cr velocities, in spite of the 
fact that the un-ionised hypophosphorous acid molecules w’ere 
increased, and pointed to a retarding effect of the hydrogen ions 
on the secondary reactions. 

Owing to the complex action of each ion on several others, 
Ostwald's method of isolation could not be profitably employed, 
but for each small range of c, the chloride ion concentration (over 
which the ionisation of the copper chloride was nearly constant) 
the expression {ds ldf)h'^ gave fairly concordant results (except 
in certain cases) and, in any particular experiment, gave a constancy 
which was w^II within the limits of experimental error of dsjdi. On 
the other hand, expressions sueli as {ds!d()ll'(i^ and {dsldt)lVa^c^ 
showed wide divergences (from ()-7 X 10 *^ to 525 x 10 and from 
0'5 X 10 ’ to 60 X 10 respectiv('ly) and fell off slowly but regularly 
in each experiment. 

The retarding (effect of hydrogfui ions on the secondary reaction 
is also ff)uiid in experiments with copper .sulphate, where the 
Itrimary ehange of hypophosphorous acid is relatively so rapid as 
not to b(‘ noticeable. It also explains a result which at first 
appeared anomalous, iiaimdy, that in approximately d/ ;80-solutions 
of cupric chloriile, with no additiopal hydrochloric acid or sodium 
chloride, .If/lO-hypophosphorous acid effected reduction somewhat 
less rapidly than d/-20-aeid, wliieh is now seen to bo due to the 
fact that the inerease in tlio }iypot)hosphorous acid is more than 
counterbalanced by the increase in the S({uare of the hydrogen- 
ion concentration. 

It therefore appears probable that, in the case of the copper 
chloride, an intermediate compound is formed by an eipiilibrium 
^hich is depressed by hydrogen ions, and that this compound 
reacts with chloride ions to give the tinal products of the reaction. 



1630 MITCHELL : STUDIES IN HYPOPHOSPHOROUS ACID. PART TV. 

Omitting the stage concerning the formation of the active acid, 
these reactions could be formulated ; 

H5PO3 + 2Cu* * 2 H- + X- • . , {II} 

X* ■ 2 Ci' Cnfik + H3PO3 1 . (Ill) 

where X* * is the intermediate complex, the active part of the copper 
being assumed to be the metallic ion, since it is difficult to under- 
stand the part played by the chloride ions if the cupric chloride 
molecule takes part. The equilibrium in which the hydrogen ion 
plays a part can only be an intermediate stage, since the other end- 
products of the stoiclieiometric reaction H5PO3 + 2CUCI2 = H3PO3 
CugClg -f 2HC1, do not appreciably affect the velocity of reaction 
when added in excess initially, corrections being made, of course, 
for the effect of the phosphorous acid on the hydrogen ion and 
hypophosphorous acid molecule concentrations, and the last stage 
is therefore not reversible. Moreover, the results obtained in the 
presence of N /2-sodium chloride for the change of hypophosphorous 
acid to its active form - case (a) -show that the active mass of the 
hypophosphorous acid is not affected by the sodium chloride, and 
the effect on the hydrogen ions is approximately equal to the small 
depression calculated. These results also show that the sodium 
chloride cannot affect these reactants appreciably by any virtual 
concentration due to b^alration of the sodium or chloride ion, and 
therefore it cannot have any similar mechanical effect on the other 
reactant, copper chloride. 

Additional support is given to the hypothesis under discussion 
by the fact that there is a marked lag in tlie first few minutes of an 
experiment when // is large compared with c, or vice versa, which 
would tend to make either of the reactions ( 11 ) or (III) much slower 
than the other. 

Developing this hypothesis mathematically, if x is the concen- 
tration of the intermediate compound, we have for the formation 
and decomposition of y (the active acid) ; 

dyidt ^ [khV - k^hy] - {dxidt + ds Idt) . . ( 3 ) 

for the formation and decomposition of the complex : 

dxjdt ^ k^{a - 2 x]hj — kjih - dsjdt . , . (4) 

and for the final stage : 

dsjdi-^k^xc^ ( 5 ) 

/Tg, ^3, and being velocity coefficients. 

At this point a slight difference of tre atment is necessary according 
as the complex is assumed to react as a cuprous or a cupric com- 
pound, but both assumptions load to r (‘suits of the same type. 
Both X and y are very small and each is b(dng used at almost the 
same rate as it is being formed, so that dxjdt and dyjdt may be 
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neglected in comparison with the other magnitudes in the equations 
in which they occur. Elimination of x and y from these three 
equations gives 

{dsjdt) (1 + ^khl' jk^c^a) — khV (6) 

the last term in the parentheses occurring only if the complex is 
assumed to be cupric, and the second power of dsjdt being neglected. 
Kow we are considering, for the present, only cases in which 
kill' I {dsjdt) is greater than 10, so that the unit in the parentheses 
may be neglected as an approximation, and one has 

{dsjdt) {rh^jl'a^c^ + -j- r^jac^) ~k . . (7) 

where r, and replace the other constants. The integration 
of this equation is cumbersome and calculations are therefore based 
only on the differentials, a method which makes them much more 
sensitive to experimental error, but much more capable of detecting 
changes in the course of the reaction which may be overlooked in 
the smoothing process of integration. 

Various modifying assumptions give rise to similar expressions, 
but always the terms in the brackets decrease wdth decreasing 
values of a except the term [dsjdt] h^jrah‘^, which is very nearly 
constant, allowing for the rise in the value of z during the course 
of an experiment. If and are very small compared with r, 
which would be the case if the (upiiiibrium (11) is rapidly attained 
and is only slightly displaced towanls the right, one has 


{dsjdt)h^jlW^K .... (8) 

where K — kjr. 

An alternative hypothesis, assuming ionisation of the active 
acid to give two hydrogen ions and a bivalent anion which reacts, 
would require a similar mathematical expression, but receives no 
support from the iodine series, in which the active mass of the active 
form w'as apparently unaffected by liydrogen ions. The same 
expression would result from the assumption that tlie latter part 
of the reaction was really quintpiemolecular between one molecule 
of active acid, two cupric ions, and two chloride ions, and that 
hydrogen ions acted anticatalyi’ically corresponding with the 
square of their concentration ; tlii.s assumption, liowever, has no 
precedent as regards the function of the hydrogen ions, and is 
therefore rejected in favour of the liypotliesis developed above. 

In Table III arc shown, for a number of experiments, the range 
of values of a for w hich the condition applies that ; is greater than 
10, this range covering sometimes the whole experiment and some- 
limes only the last stages of an exjmriment ; tlie mean values of 
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unit in the cases of c and V ; the degree of ionisation of the cupric 
chloride ; and the mean value of the expression {dsjdt)k^lVah^ 
from which is derived the value of r^-kjK, k being 111 X 10“^, 
as obtained in case (a). The column headed “ Remarks ” refers to 
initial conditions in the experiments annotated. Experiment 42 is 
a detailed example, and is chosen, although the constancy is not so 
good as in the majority of cases, because it is one of the experiments 
in which both h and c are low and, as their relative changes are 
correspondingly high, they constitute a more crucial test of the 
accuracy of the expression than in cases in which or c is raised by 
the adition of hydrochloric ^cid or sodium chloride ; in this case 
the ratio changes, in the course of the experiment, from S’Ol 
to 13-15. The slight rise in the value of K would he somewhat 
decreased if one took into account the fact that V should be de- 
creased by about 2 per cent, in the value for f = 40 {see p. 1628), thus 
increasing K by that extent, and by only O’o per cent, in the value 
at t = 380. This correction has been ignored throughout the con- 
sideration of case {b), but it is automatically rectified in case (c) by 
the introduction of the term {dsldt)lhl'. 

Experiment 42. 

{I - 10-01 — 10-02 throughout). 
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0-16 
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21-80 

0-30 
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0-41 
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220 

0-654 
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21-63 

0-63 
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3-84 
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270 

0-745 

1-721 

21-59 

0-71 

0-536 
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12-76 

3-76 

168 

326 

320 

0-825 

1-G41 

21 -.55 

0-79 

0-535 
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12-82 

3-70 

147 

328 

380 

0-904 

1-562 

21-51 

0-87 

0-.534 
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12-88 

3-65 
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0-994 

1-472 
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0-95 

0-533 

11-98 

12-93 

3-57 

— 
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0-881, 


0-960. 






25. 

- 10, 


0-888, 


0-961 




It will be noticed that, as a ruje, the value of K decreases at first 
more rapidly than the square of the apparent degree of ionisation 
of the cupric chloride, and then becomes almost independent of 
this function. If one applies the principles of the “ total ion ” 
hypothe.sis to each stage of the dissociation of cupric chloride, one 
finds that the first addition of extraneous chloride ions to dilute 
cupric chloride solutions produces a relatively large effect on the 
concentration of the cupric ion, most of its decrease being trans- 
ferred to the undissociated molecule and very little to the CuCl' ion ; 
as the concentration of the extraneous chloride ion increases, the 
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relative effect on the cupric ion becomes smaller and smaller, and 
this depression is transferred more and more to the CuCV ion, 
and correspondingly less to the undissociated molecule. When one 
considers that, on the hypothesis developed analytically, the cupric 
ion is assumed to be the active part of the cupric chloride, and that 
to obtain comparable constants one should divide the values of 
{dsjdt)h^ll'ah^ by it is at once seen that the tabulated 

values fall into line, qualitatively, with the requirements of the 
dissociation theory outlined in this paragraph. The substitution 
of hydrochloric acid by nitric acid gives results in good agreement 
with these ideas, but experiments in which more concentrated 
hydrochloric acid was used, ‘or in which both sodium chloride and 
hydrochloric acid were used, give anomalous results, showing a 
tendency to rise with increasing concentrations of hydrochloric 
acid, but in each experiment K remains satisfactorily constant in 
spite of the change in the value of The experiments in which 

i^/lO-sodium chloride was used give results agreeing with those 
from N /4- and iV/2-sodium chloride in spite of some difference in 
the degree of ionisation of the cupric chloride. Many attempts 
have been made to evolve an hypothesis which would bring these 
experiments into line, but in the absence of definite knowledge as to 
complex ions, of which the formation would be very slight in dilute 
chloride solutions but possibly appreciable in the presence of 
greater concentrations of chloride ions, the subject seems incapable 
of further discussion. 

The objection may be urged that reaction (III) is an ionic one 
and therefore should be instantaneous, but there are several ex- 
amples in the literature of ionic reactions occupying appreciable 
time, especially when they involve several ions and are n(d uni- or 
bimolccular, for example, that between bromic and hydrobromie 
acids (Judson and Walker, T., 1898, 73, 410), which is bimolecular 
with regard to hydrogen ions and unimolecular with regard to both 
bromate and bromide ions. 

Case (c). — Owing to the somewhat unsatisfactory nature of the 
results in case (6), it is superfluous to treat the experiments in this 
case in any detail. Here the ynit in parentheses vn equation (6) 
cannot be neglected, but, neglecting the terms which were found 
to be small in case (6), one has : 

{dsidt) (1 + rh^jeh^) ^ m\ 
or {dsjdVjlhi' ~\ rK~k . . . (9) 

where {d8ldt]k^jVah^ = K, as in (8), and r has the same significance 
as in (7). 

For each experiment a value of r was selected which gave the 
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most constant value of k, and the mean values of h thus obtained 
in twenty-seven experiments ranged from 102 x 10"^ to 114 X 10“® 
with a mean of 109 X 10~®. The values of r thus utilised showed 
the same general characteristics as those in Table III. 

Experimental. 

The general method of procedure was similar to that used in 
the cases of iodine and mercuric chloride {he. cit.). 

An important modification was necessary, however, in order 
to avoid atmospheric oxidation of the cuprous chloride, which, 
in dilute solutions, often exceeded the rate of reduction of the 
cupric salt. For this purpose, the wkole reaction was carried out 
in an atmosphere of carbon dioxide. The gas, generated in a 
Kipp’s apparatus, was passed through two wash-bottles con- 
taining dilute cupric chloride solution and then, by means of a 
three-way tap, was directed either [a] through a tube reaching 
to the bottom of the liquid in the react ion- flask, from which it 
escaped by way of an outlet provided with rubber tubing and a 
gcrew-clip which regulated its flow, or to the top of a 5 or 20 c.c. 
pipette fitted wdth a side- tube and a tap, similar in pattern to 
the 2 c.c. pipette recommended by Ostw^ald for the calibration of 
burettes. When a titration was required, the screw-clip on the 
reaction- flask was closed and a three-way tap in branch (h) leading 
to a mercury- trap w^as opened, so that soiiie of the liquid was forced 
out of the flask by another tube connecting with the side-tube of 
the pipette until it reached .slightly above the top mark of the 
pipette. Communication with the flask was now cut off by closing 
a screw-clip on the connecting tube, and the mercury- trap was 
cut out and branch (6} put into action so that, on opening the 
tap of the pipette, the Ii{]uid could be accurately adjusted to the 
top mark, and subsequently run off into the titration- flask until 
it reached the bottom mark. The liejuid remaining in the pipette 
wa.s forced back into the reaction-fia.sk by opening the two screw’- 
clips, and by re-opening branch (o) the cycle was completed. 

The requisite amount of concentrated hypophosphorous acid 
(usually 2 or 4 c.c. of acid, d 1*14} was placed in a small tube 
suspended inside the fla.sk by means of a jiiccc of thread passing 
through the outlet tube. At zero- time the tube could be upset 
and its content.s rapidly mixed with the contents of the flask, 
which consisted of a definite volume (usually 100 or 200 c.c.) con- 
taining the cupric chloride and other reagents as rc(]uircd. 

The nozzle of the pipette delivered the ]i((uid below the surface 
of a solution containing excess of potassium iodide and sufficient 
sodium acetate to neutralise the “ strong ” acids, so that the 
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reaction was stopped completely before any cuprous chloride 
came into contact with the air, and the titration was carried out 
with sodium thiosulphate solution of appropriate strength. The 
whole operation, except the draining of the pipette and fine adjust- 
ment of the titration, occupied less than thirty seconds with practice, 
and could be timed so that the pipette was half-empty at any given 
time within one or two seconds. 

Blank experiments in which solutions of cupric chloride of known 
thiosulphate titrcs were added to a mixture, such as would be 
obtained, of potassium iodide, sodium acetate, hydrochloric acid, 
hypophosphorous and phosphorous acids, showed that the titre 
was invariably correct. Also, in order to check experiments in 
which nitric acid was used, a test experiment was carried out 
which showed that, under the same conditions, nitric acid and 
cuprous chloride did not react appreciably. Similarly, in the 
dilutions used, hypophosphorous and nitric acids had no mutual 
action. 

For the calculation of the degrees of dissociation of hydrochloric 
acid and sodium and cupric chlorides in these experiments, graphic 
methods were used and curves were constructed for each of the 
three chlorides separately showing the relation between degree of 
ionisation and concentration of chloride ions. By the method of 
trial, a total concentration of Cr ions (c) was then found, such that 
if a^, aj, and otg were the corresponding degrees of ionisation of 
the three chlorides respectively and and their respect i^v 

concentrations, then c ~ j K -CgXg. 

The data used were those of Bray and Hunt (J. Amer. Chem. 
Soc,, 1911, 33, 781) for hydrochloric acid and sodium chloride, 
and of Kohlrausch for cupric chloride ; the last were not corrected 
for viscosity, and therefore are not very accurate in the more con- 
centrated solutions, but as they are doubtless statistical values 
which cover also the first-stage dissociation, their significance is 
uncertain in the stronger solutions in any case. On the other 
hand, except in case (a), the copper solutions are dilute, so that 
when the chloride concentration is small the error involved is 
slight, and when the chloride •concentration is large the error is 
greater but is relatively small. A similar remark applies to the 
effect of the solubility of cuprous chloride on the chloride-ion 
concentration : the cuprous chloride is precipitated almost from 
the beginning in the weaker chloride solutions and the actual 
error is small, whereas, in the stronger chloride solutions, its 
solubility is greater and the precipitation is delayed, but the relative 
effect is small. 

A series of experiments was carried out in the presence of a 
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mixture of iV’-phosphoric acid and iV^-potaasium dihydrogen phos- 
phate to regulate the hydrogen-ion concentration. In the iodine 
series these experiments gave very concordant values for a constant 
in the more concentrated solutions, this constant being 265 X 10'“* 
for what was virtually a unimolecular reaction consisting of the 
change of hypophosphorous acid to its active form. In the present 
experiments, when a exceeded 30, constants of 260 X lO'**, 
274 X 10’ ^ and 270 X 10 were obtained ; the velocity is therefore 
the same in both series. With stronger solutions of copper chloride, 
the production of hydrochloric acid soon becomes so large as to 
overcome the effect of the regulator, and the constant rises. With 
weaker solutions, when a is less than 5 , the main reaction is so 
rapid as not to affect the measurable velocity, and the values of 
{d8ldt)lh'^ fall off slowly as in the ordinary solutions— case ( 6 )— 
but the ionic relations are so complicated that it is impossible 
to draw any definite conclusions. 

The irreversibility of the complete reaction was demonstrated 
by using a mixture of cuprous chloride, suspended in A 7 10 - hydro- 
chloric acid and A 710 -sodium chloride, and A710-phosphorous 
acid; the very slight oxidation of the cuprous salt was no greater 
than that obtained in blank experiments which had been devised 
to detect accidental oxidation, and was of a lower order than the 
slowest reduction-velocity recorded. The fact that all the reactions 
came very nearly to a standstill when the total reduction was equiva- 
lent to the hypophosphorous acid initiaUy present also pointed to 
the irreversibility of the reaction. The latter fact, in addition, 
supports the results of other tests, made independently, which 
showed that reaction between cupric salts and phosphorous acid 
is negligible compared with that of hypophosphorous acid. 

In all the data given, dsjdt is obtained from a smoothed curve 
of the first differentials, but the recorded values of 25 are not 
smoothed. This method, although sensitive to experimental 
error, constitutes a far more rigid criterion of the nature of the 
reaction than an integrated constant, which often gives a misleading 
appearance of accuracy. Nearly, all the experiments have been 
cheeked by duplicates, and the agreement is usually very close in 
actual titres, although naturally the values of d^ldt, even when 
smoothed, vary to a larger extent, but are correct to within 2 or 3 
percent. 

Summarif, 

(1) The first stage in this, as in similar reductions which have 
bwti described, is the change of liypophosphorous acid mokcuks 
to the active form, provisionally formulated as H 5 PO 3 ; this change 
18 catalysed by hydrogen ions. 
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(2) In dilute copper solutions two succeeding reactions are 
detected : (a) an equilibrium in which the copper ion and the active 
hypophosphorous acid give a complex ion (X* ') and hydrogen ions, 
which therefore repress the reaction ; H^POg + 2Cu’ * = X* *-{- 2H* ; 
and (6) a direct reaction between the complex and chloride ions : 
r’ + SCr^CugCla + HaPOg. 

(3) The foregoing statement is based primarily on circum- 
stantial evidence, but a certain amount of mathematical support is 
also adduced. 

Univehsity of London, ‘ 

South Kensington, S.W. [Received^ April 28<A, 1922.] 


CXCV . — Experiments on the Synthesis of the Poly acetic 
Acids of Methane, Part Vll. \Bo-Buiylene-ayy~' 
tricarboxylic Acid and M eihaneietra-acetic Add. 

By Christopher Kelk Ingold and Lewis Charles Nickolls. 

The practical object with which this scries of researches was 
instituted, namely, the preparation of the acids I, II, III, and IV, 
has now been accomplished. Methanctriacctic acid (I) (T,, 1921, 
119 , 352; this vol., p. 1419) and carboxymethanetriacetic acid (IT) 
(T., 1921, 119 , 1871) have already been obtained in quantity, and 
methods for the preparation of hobut(/lene'ayy'4ric<irboxylic acid 
(III) and melhanetetra-acetic acid (IV) are now described. 

^I-) CH(CH2*C02H)3 (C0,H’CH2)2C:CH-C02H (m.) 

(II.) C02H-C(CH2*C02H)3 C(CH2‘C02H}4 (IV.) 

On the theoretical side, the experiments described in the present 
paper are a logical application of the general principles, previously 
elucidated (Parts I, II, III, IV, ^nd VI), regarding the conditions of 
formation of branched-chain esters by the Michael condensation. 
Two main groups of phenomena influence these reactions : (a) the 
three-carbon tautomerism of the glutaconic acids from which the 
polyacetic acids may be supposed, in an empirical sense, to be 
derived by the addition of one molecule of acetic acid (T., 1921, 
119 , 341, 1222, I860); (6) the reversibility of the Michael reaction 
(T., 1921, 119 , 1582, 1866; this vol., p. 1414), which hs^ also been 
established for cases outside the methanetriacetic acid series (Ingold 
and Powell, T., 1921, 119, 1976). The plan according to which the 
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new syntheses were devised was based on the knowledge that has 
been gained regarding the mode of operation of these two sets of 
conditions, and it may be in consequence of this that every one of 
the reactions proceeded according to expectation. 

wButylene-ayy'-tricarboxylic acid was first synthesised in the 
following manner. Citric acid was converted successively into 
acetonedicarboxylic acid, ethyl acetonedicarboxylate, and p-chloro- 
glutaconic acid by processes, improved in detail, but essentially 
similar to those described in the literature. The ehloro-acid was 
then esterified, and the ester (V) condensed with ethyl sodiomalonate 
to give a product (VI), which, on hydrolysis, yielded isobutylene- 
ayy'-tricarboxyhc acid (III) ; 

®;®CCl + CHNa(CO,E^, 

(V.) / 

C02Et"CH2\ ^ nu/nri 

> {IIIO 

(VI.) 

This synthesis, although simple and convenient as a method of 
preparation, does not provide an adequate basis for the constitution 
assigned to the acid. The ester (V) is a mobile glutaconic ester, and 
therefore it is possible that the reaction consists in the 1 ; 3 -addition 
of ethyl sodiomalonate (compare Ingold and Thorpe, T., 1921, 119 , 
492) followed by the internal elimination of sodium chloride. It is 
true that in this case the immediate product (VII) would not be 
unsaturated; but it would be the cyclic individual of a ring-chain 
three-carbon tautomeric system, and might pass partly or wholly 
into its open-chain unsaturated isomeride (VIII) : 


C02Et*CH2-CH' 

(VII.) 


/CH'CO.Et 

<1 

^C{C02Et)2 


CO.Kt-CHiCH 

(VIII.) 


/CH(C02Et) 


co2H'Ch:cH‘CH(co2H)-ch2*co 2H (ix.) 

The c.stcr actually obtained was unsaturated, at id so also was the 
acid derived from it by hydrolysis ; hence tlie decision lay between 
the formulae (VI) and (VIII) for the ester, and between (III) and 
(IX) for the acid. 

The first plan whicli was tried was based on the well-known 
method for converting mobile glutaconic acids into derivatives of 
2;6.dihydroxypyridino by treating their esters with ammonia. 

The pyridine derivative which could bo obtained in this way 
hom the unsaturated acid having formula (III) or (IX) would 
have formula (X) or (XI), and on cautious oxidation might give 
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2 : 6-dihydroxyisonicotinic arcid (XII) or 2 : 6-dihydroxymcotinic 
acid (XIII), both of which are known : 


CHa'CO'NH, CO^H 

/\ /\ /\CH,-C0-NH, 

I I ^ II I 1 

OH\/OH OH\/OH OH\/OH 

N N N 

(X.) (xn.) (XL) 


/XCOaH 

I I 

0H\/0H 

X 

(XIII.) 


No difficulty was experienced in preparing a dihydroxypyridine- 
acetamide, which is now known to have formula (X) (not XI), 
but it could not be oxidisedito a known acid because the mildest 
oxidising agents, even atmospheric oxygen, converted it into a 
bluish-green substance of comparatively large molecular weight. 
2 : 6-Dihydroxypyridine itself also possesses this property, but to a 
much smaller extent. 

The constitution of the unsaturated acid was ultimately settled 
by reduction. The acid was unaffected by sodium amalgam, 
aluminium amalgam, or the zinc-copper couple under ordinary 
conditions, wliilst heating with hydriodic acid, with or without the 
addition of phosphorus, yielded gums. Finally, however, reduction 
was effected by means of sodium amalgam in boiling acid solution 
as described on p. 1645, and the product was identified as methane, 
triacetic acid (I), which conclusively establishes the formula (III) 
for the unsaturated acid. The totracarboxylic ester must therefore 
have formula (VI), and not (VTII). w-Butane-a^5-tricarboxylic 
acid, the reduction product to be expected from an acid of the 
formula (IX), is known and has about the same melting point as 
methanetriacetic acid, but the identity of the reduction product 
actually obtained with methanetriacetic acid, and its non -identity 
with n-hutane-ot^^- tricarboxylic acid, was conclusively proved by 
direct comparison with synthetic specimens of each of these 
substances. 

In order to obtain methanetetra- acetic acid (IV), ethyl iso- 
butylene-ayy'-tricarboxylate (XIV) was condensed with ethyl 
cyanoacetate, the product (XV) }Telding methanetetra- acetic acid on 
hydrolysis ; 

CO Et-CH + CHjlCNj-OOjEt ^ 

“ (XIVJ 


COjEt-CHjX „ /CH(CN)-C02Et 
COjEt-OHj/^VCE/COjEt 
(XV.) 


(IV.) 


The yield of the condensation product (XV) amounted to 80 per 
cent, of the theoretical, whilst, as might be expected from what 
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has been written in the earlier parts of this aeries, ethyl malonate 
showed no tendency to condense with the unsaturated ester (XIV) 
under similar experimental conditions. 

In considering this condensation, it Ls also necessary to take 
count of the possibility of 1 : 3-addition to the normal form of the 
glutaconic ester concerned. Such a reaction would lead to a cyano- 
ester having the formula (XVI), whilst the acid obtained on hydro- 
lysis would not be methane tetra- acetic acid but an isomeric acid of 
formula (XVII) : 

■CH-CO,Et 

CH{CN)-CO,Et CH,C02H 

(XVI.) ' (XVII.) 

In order to settle the question, the acid (XVII) was synthesised 
by a method which left no doubt concerning its constitution. The 
starting point was ethyl w-cyanomethanctriacetate (XVIII), the 
structure of which rests, first, on its synthesis from ethyl fi-hydroxy- 
gliitarate and ethyl cyanoacetate, and secondly on its hydrolysis to 
methanetriacetic acid (Ingold, T., 1921 , 119 , 352 ). This ester was 
converted into its sodio- derivative and this condensed with ethyl 
iodoacetate to give a cyaiio- ester (XIX), which, on hydrolysis, yielded 
the acid (XVII) : 

/CH^'CO^Et 

CH—CHg-COaEt + CHJ-COgEt > 

\CH(CN)-CO,Et 

(XVIIL) /CHj-COjEt 

CH^CHo-COgEt ^ (XVII.) 

\C(CX)(C02Et)'CH2-C02Et 

(XIX.) 

The acid w'as different from that obtained from I’sobutylene- 
ricarboxylic ester by condensation with ethyl cyanoacetate. The 
yano-ester produced in this way must therefore have formula (XV) 
md not (XVI), whilst the acid obtained on hydrolysis must be 
methanetetra- acetic acid (IV). 

The yields obtained in the reactions which lead from citric acid 
to methanetetra-acetic acid are godd on the w^hole, and considerable 
amounts of this acid, and of fwbutylenetricarboxylic acid, have 
already been prepared by the process described. The investigation 
of these acids is in progress. 

From the crystallographic point of view’ methanetetra-acetic acid 
s of exceptional interest on account of its great symmetry. The 
systematic crystallographic al examination of such symmetrical 
structures has been undertaken by Miss I. E. Knaggs of this College, 
vliose results on methanetetra-acetic acid and certain related 
compounds will shortly be published. 


C02Et*CH2\^^u 
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Experimental. 

(A.) Synthesis of hoButylene-ctyy'-tricarboocylic Acid from 
Citric Acid. 

Acetoncdicarboxylic Acid. — The preparation of this substance from 
citric acid by Jerdan^s method {T., 1899, 75 , 809, footnote) is not 
always successful Giving to the serious effect on the yield of very 
small variations in the experimental conditions. In the course of the 
present experiments the following process was thoroughly standar^ 
dised. Two kilograms of fuming sulphuric acid (SO, = 15 per 
cent.; d 1'920) are added as rapidly as possible, with constant 
stirring, to one kilogram of finely powdered hydrated citric acid. 
A considerable amount of heat is evolved and large volumes of carbon 
monoxide escape. After fifteen minutes the mixture is cooled by 
a freezing-mixture (ice -salt), and one kilogram of crushed ice added 
with stirring. When cold, the pasty mass is filtered on glass-wool, 
and the solid pressed in a hydraulic press and then thoroughly dried 
on porous plates. The average yield is 450 grams, or about 80 per 
cent, of the theoretical. 

Ethyl Acetonedicarboxylate. — The preparation of this substance 
has been described by Jordan {loc. cU.)^ but, in our hands, his process 
gave very unsatisfactory results, to obviate which the following 
method was evolved as a result of many comparative experiments. 
Absolute ethyl alcohol (500 grams), saturated with hydrogen 
chloride at the ordinary temperature, is treated at 0° with 300 grama 
of dry acetoncdicarboxylic acid. The suspension is shaken fre- 
quently to aid solution of the acid, and kept at the ordinary temper- 
ature for forty-eight hours, after ivhich water is added and the ester 
isolated by extraction with ether. Ethyl acetonedicarboxylate and 
ethyl acetoacetate arc easily separated by distillation under dimin- 
ished pressure, and there is need to employ the tedious chemical 
separation used by previous workers. The quantity of ethyl 
acetoacetate in the crude ester is only 5 — 10 per cent., much less, 
therefore, than the amount contained in Jordan’s product. The 
yield of pure ethyl acetonedicarboxylate, b. p. 141 — 143° /15 mm., 
is 240 grams, that is, 60 per cent, of the theoretical. 

^-Ckloroglutacomc Acid.—Biivton and von Pechmann’s method 
{Ber., 1887, 20, 145) for preparing this substance consists in treating 
ethyl acetonedicarboxylate with phosphorus pentachloride (3 mols.) 
and hydrolysing the product. We w’cre, however, unable to obtain 
by this means more than small traces of a very impure acid which 
seemed to be P-chloroglutaconic acid, but could neither be purified 
nor identified with certainty. The main product of the action of 
this proportion of phosphorus pentachloride on ethyl acetone- 
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dicarboxylate is a highly crystalline chloro-ester, m. p. 96°, not 
mentioned by Burton and von Pechmann, which does not appear 
to yield p-chloroglutaconio acid on hydrolysis. The chloro-estcr is 
at present under investigation. 

A satisfactory process for the preparation of p-chloroglutaconio 
acid was evolved from many comparative experiments. Ethyl 
acetonedicarboxylate (90 grams) and phosphorus pentachloride 
(95 grams) are mixed as rapidly as the brisk evolution of hydrogen 
chloride allows, the temperature being kept below 50°. When the 
reaction is finished, the mixture is poured into water, ice being added 
from time to time to prevent an undue rise of temperature as the 
phosphoryl chloride decomposes. The red oil is extracted with 
ether and hydrolysed by boiling for two and a half hours with 
20 per cent, hydrochloric acid. The clear yellow solution is evapor- 
ated on a water- bath until it crystallises while still hot, and the 
acid dried in ethereal solution with calcium chloride. The acid thus 
obtained is free from gum and nearly pure, the yield being 51 grams, 
that is, 70 per cent, of the theoretical. 

Ethyl ^’Chloroglutaconute (V).- — The above product (100 grams) 
was mixed with 300 grams of ethyl alcohol and 50 c.c. of sulphuric 
acid in a flask provided with a 10 cm. fractionating column attached 
to a condenser. The mixture was kept at its boiling point while 
alcohol vapour was passed in from another flask until 1-5 litres had 
collected in the receiver. The neutral ester was separated from a 
small trace of acid ester by adding water, extracting with ether, and 
washing with aqueous sodium carbonate. The yield of nearly 
pure ester, b. p. 135 — 140^1 1 mm., was 120 grams, that is, 90 per 
cent, of the theoretical. 

Ethyl ^■chlorogluMconate i.s a colourless, mobile oil with a charac- 
terlstic sweet, fruity odour. It has b. p. 136 — 137°/11 mm. 
(Found: C = 48’9; H = tvl ; Cl — 16*1. C^H^gO^Cl requires 
C ^ 49-0; H = 6-0; Ci ^ 16*1 per cent.). 

Ethyl inoButylfne-T.-'fyy'-tetramrboxylate (V' I).— Ethyl p-chloro- 
glntaconate (1 mol.) was added to a cold suspension of ethyl sodio- 
malonate (1*2 mo Is.) in absolute ethyl alcohol. Sodium chloride 
rapidly separated with considerable evolution of heat, which caused 
the solvent to boil for a short time. The mixture was treated on the 
steam-bath for half an hour, then cooled, and poured into a large 
volume of water. The neutral oil, which was isolated by extraction 
with ether in the usual w^ay, consisted of the tetracar boxy lie ej^ter 
with some unehangtHl ethyl malonate, w^hicli was easily removed by 
distillation. The tetraethyl ester boils at 220 — 222° /12 mm. with 
slight decomposition. The yield of the crude ester was about 65 per 
cent., and of the distilled ester 50 per cent., of the thooretical 
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(Foiind : C = 55-0; H = 6-8. CigH2408 requires C = 65-8; 
H = 7-0 per cent.). 

Ethyl cyanoisobutylemiricarboxylate. — This substance, obtained 
by condensing ethyl p-chloroglutaconate with ethyl sodiocyano- 
acetate {2 mols,), boiled at about 230''/12 mm., but it decomposed 
much more extensively than the preceding substance, and therefore 
could not be obtained pure for analysis. 

isoButyle7ie-<xyy'4ricarboxylic Acid (HI). — This acid was usually 
prepared by hydrolysing the tetra- ethyl ester with 20 per cent, 
hydrochloric acid. After boiling for forty-eight hours, the solution 
was evaporated on a water-bath. The syrupy acid obtained, the 
yield of which amounted to 85 per cent, of the theoretical, was pure 
enough for conversion into its ethyl ester (below) ; but on keeping 
for a few days it crystallised in chisters of needles, which, after 
recrystaUisation from concentrated hydrochloric acid, from ether, 
or from a mixture of chloroform and acetone, melted at 140°. 

Specimens of the syrupy acid which are too impure to solidify can 
easily be purified by conversion into the crystalline calcium salt and 
subsequent regeneration. The acid can thereafter be crystallised 
without difficulty. 

The pure acid is very soluble in water, alcohol, or acetone, but 
only slightly soluble in ether, chloroform, or benzene {Found: 
C = 44*7 ; H = 4‘4. J/, by titration, — 188*2. C^HgOg requires 
C = 44-7; H = 4-3 per cent.; M = 188). It instantly reduces 
cold alkaline permanganate. 

2 : Q-DihydroxypyridineA-acetamide (X) {The imide-amide oj 
isobutylerietricarboxylic acid). — This substance was prepared by the 
action of ammonia on ethyl wobutylenetricarboxylate (below), but 
owing to the facility with which it was oxidised by oxygen to a blue- 
green compound of unknown constitution special precautions had 
to be taken to exclude air. The ester was placed in a sealed tube 
with twice its weight of aqueous ammonia previously saturated at 0°. 
The tube was furnished with a capillary neck at each end, the upper 
one containing a minute plug of asbestos. After keeping for one 
week at the ordinary temperature, when a nias.s of colourless needles 
had separated, the tube was placed in an inverted position within 
an inverted test-tube full of hydrogen, the capillaries were broken, 
and the crystals collected on the asbestos plug ^vith the aid of a pump. 
They were washed with water and methyl alcohol and dried in situ, 
the whole operation being conducted in^ hydrogen. When dry, the 
crystals, m. p. 228°, are fairly stable, but they turn green at once on 
dissolving in water in the presence of air (Found : N = 16'85. 
CyHgOgNg requires N = 16'7 per cent.). 

Methanietriacetic Acid (I). — The general behaviour of isobutylene- 
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tricarboxylic acid towards reducing agents is described on p. 1640, 
and little need be added here excepting the details of the reduction 
to methanetriacetic acid. The acid {2 grams) was dissolved in 
50 o.c. of water, and the solution kept boiling for four hours while 
150 grams of 4 per cent, sodium amalgam were added, the liquid 
being maintained slightly acid by the occasional addition of hydro- 
chloric acid. The aqueous solution was separated from the mercury, 
strongly acidified with hydrochloric acid, and evaporated to dryness, 
The methanetriacetic acid was extracted from the residue with 
ether, and after draining as completely as possible from the accom- 
panyiiig purified by crystallisation from ether, and identi- 

fied by direct comparison and a mixed-melting -point determination 
\yith an authentic specimen. 

The bromination products of ^obutylenetricarboxylic acid are 
characteristic, and are at present being investigated. 

Ethyl isoBuhjlenetricarboxylate (XIV).-^This ester was prepared 
by directly esterifying the acid with ethyl alcohol in the usual way. 
It is a colourless, mobile oil, b, p. 174 — 175°/11 mm. (Found: 
0 = o7'l ; H — 7'5. FjgHgoOg requires 0 = 57*3 ; H — 7*3 per 
cent.). It shows no tendency to condense with ethyl sodiomalonate 
under the usual conditions of the Michael reaction, but it condenses 
easily with ethyl cyanoacetate (below.) 

(B.) Synlhesifi of Methaneietra-acetic Acid from [^Butylene 
tricarboxylic Acid. 

It is not necessary to isolate pure ethyl wobutylenetetra- 
carboxylate or pure ^sohutylene tricarboxylic acid in order to obtain 
the ethyl zsobutylenetricarboxylate required for the preparation 
of methanetetra-acetic acid. The syrupy product of hydrolysis, 
obtained from the crude (undistilled) tetraethyl ester, was dried 
by dis.solving in ether and shaking with calcium chloride, and then 
estcrified with ethyl alcohol by tlie method described on p. 1643. 
The ester (b. p. 173— 176°/11 mm.) was thus obtained in a yield of 
80 per cent, of the theoretical calculated on the syrupy acid, or of 
50 per cent, of the weight of ethyl^^-chloroglutaconate employed. 

Ethyl (a-Cyanomeihanctetra'acetate (XV). — The triethyl ester 
(13'6 grams) was added to a cold alcoholic suspension of ethyl 
sodiocyanoacctate prepared from 11*3 grams (2 mols.) of ethyl 
cyanoacetate, 2*3 grams of sodium, and 30 grams of ethyl alcohol. 
The mixture was heated for five hours on the steam- bath, and the 
gelatinous product mixed with excess of dilute hydrochloric acid 
and extracted with ether. The extract w'as washed with aqueous 
sodium carbonate and with water, dried, and evaporated, and the 
residue distilled. The cyano-ester (11 grams) boiled at 234 — 235®/13 
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mm., and was obtained as a viscous, pale yellow oil. The acid 
products recovered from the sodium carbonate washings yielded a 
further quantity on esterification with ethyl alcohol, the total 3neld 
amounting to 80 per cent, of the theoretical (Found : C = 56*0 ; 
H = 7*0; N = 3*88. requires C = 56*1 ; H = 7'0; 

N = 3*64 per cent.). 

Methandetra-acetic Acid (IV).— A mixture of the above cyano- 
ester with an equal volume of cold concentrated sulphuric acid was 
kept at the ordinary temperature for twelve hours, then diluted with 
two volumes of water and boiled for seven hours, care being taken 
to allow the alcohol vapour to escape freely from the condenser. 
The crystals which separated were filtered, and the filtrate evaporated 
until a further crop was obtained on cooling. Extraction of the 
strongly acid liquid with ether yielded a small additional quantity 
of crystalline material. 

The crystals contained 2 — 3 per ecnt. of nitrogen, which was only 
slowly removed by boiling with 50 per cent, sulphuric acid or with 
40 per cent, potassium hydroxide. Treatment with nitrous acid, 
however, rapidly eliminated the nitrogen and yielded methanetetra- 
acetic acid in the pure condition. The crystals were dissolved in 
forty times their weight of water, and treated with an excess of 
sodium nitrite and hydrochloric acid, the solution being slowly 
raised to the boiling point. When it had boiled for a few minutes, it 
was rendered exactly neutral by adding sodium hydroxide, and then 
treated with an excess of barium chloride. The copious flocculent 
precipitate became crystalline after keeping for twelve hours in 
contact with its mot her -liquor, and was then collected, washed, 
and decomposed with hydrochloric acid. The acid solution was 
evaporated to dryness, and the powdered residue extracted with 
boiling acetone. The residue from the acetone was washed with 
ether and finally purified by crystallisation from water, from which 
the tetra- acetic acid separated in stout, W’c 11 -formed, glistening 
octahedra. At 226° the acid begins to soften and a gradual loss 
of water takes place ; when the temperature of the bath is raised 
rapidly, the acid melts at 248°, ^but sinters perceptibly below that 
temperature (Found : C = 43*3 ; H = 4*8. OgHigOy requires 
C = 43’5; H — 4*8 per cent.). The acid is .slightly soluble in 
ether, but is more soluble in acetone or water. 

The 6ariMm salt of me thanetetra- acetic acid is very insoluble and 
similar in many w*ays to the barium salt of the lower homologue, 
carboxymethanetriacetic acid, recently described (Ingold and 
Powell, T,, 1921, 119, 1872), It may be obtained from extremely 
dilute solution in long, felted needles (Found ; Ba = 52*6. 
CgHgOgBoa requires Ba = 52*9 per cent.). 
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The silver salt is also unusually insoluble. It is obtained as a 
curdy precipitate, and is stable towards light (Found : Ag — 63'3. 
C9H80gAg4 recluires Ag = 63-9 per cent.). 


The dianJiydride, ^x^QO-CHg/^XCH^'CO/^' — substance 


is best prepared by heating the acid with acetyl chloride in a sealed 
tube at 140® for six hours. The anhydride, which, on cooling, 
crystallises in hexagonal plates, may be purified by crystallisation 
from acetone containing a trace of chloroform. It melts at 284®i 
and therefore resembles the dianhydride of carboxymethanetri- 
aeetic acid (Ingold and Powell, loc. cil.) in the unusual property of 
melting at a higher temperature than the corresponding acid 
(Found : C 5*06 ; H = 3*6. C^HgOg requires C = 50*9 ; H — 3*8 
per cent.). 


(C.) Synthesis of i^oPeniane-’x.^hh^-teiramrboxylic Acid from 
^■Hydroxyglutaric Acid. 

The p-hydroxyglutaric acid (obtained from acetonedicarboxylie 
acid by reduction) was estcrified, and then condensed with ethyl 
sodiocyanoacetate in the mamier previously described (Ingold» 
loc. ciL), the product being ethyl w-cyanornethanetriacetatc (XVIII)- 
The sodiO' derivative of this was then allowed to react with ethyl 
iodoacetate to give the following compound. 

Ethyl ^-cyanokopenlane-(xli6B'4ctracarboxylate (XIX).— Ethyl w- 
cyanomethanetriacetate (10 grams) was added to a solution of sodium 
ethoxide prepared by dissolving 0*8 gram of sodium in 12 grams 
of absolute ethyl alcohol. This solution was mixed with 7'1 grams 
of ethyl iodoacetate and heated on the steam-bath for three hours, 
after which the product was cooled, poured into \vater, and extracted 
with ether. On distilling the residue from the extract, 9 grams of 
a colourless, somewhat viscous oil, b. p. 222— 224° /lO mm., were 
obtained (Found : C = 56*1 ; H — 6*8, C\gH270gN requires 
C — o6'l ; H — 7*0 per cent.). 

koPentane’X^6?>’dttrticarboxyUc Acid. (XVH).— The cyano-ester 
Mas left in contact w*ith an equt>l bulk of concentrated sulphuric 
acid for twenty-four hours, after w*hich two volumes of w^ater were 
added and the whole was boiled for seven hours. The products 
extracted by ether w’orc sjTUpy, and therefore were heated for a 
further five hours with 20 per cent, hydrochloric acid to complete 
the hydrolysis, care being taken to allow alcohol vapour free escape. 
The residue obtained on evaporation soon solidified, and was then 
purified by crystallisation from a nuxturo of acetone and chloroform. 
The acid separated in needles, which melted at 182° (Found ^ 
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C = 431 ; H = 4’8. C^HigOg requires C = 43*5; H = 4*8 per 
cent,). The acid is exceedingly soluble in water or acetone, but is 
sparingly soluble in chloroform or benzene. 

We desire to thank the Chemical Society for a grant which has 
defrayed much of the cost of this work. 

Imperial College of Science and Technology, 

South Kensington. [deceived, Junz2‘2nd. 1922 .] 


CXCVL— TAe Alhylhydrazones. 

By Oscar Lisle Brady and Gerald Patrick McHugh, 

A CONSIDERABLE number of hydrazones have been found to exist 
in two forms. Lists of such compounds are given by Werner 
(“ Lehrbuch dcr Stereoclieraie/' 1904, 267), by Loekemann and 
Ifiesche {Annalen, 1905, 342, 14), and by Vecchiotti {A Hi H. Accad, 
Lincei, 1913, [v], 22, ii, 75). In addition, Forster and Zimmerlie 
(T. 1910, 97, 2150 ; 1911, 99, 478) have obtained isomeric hydr^ 
azones, scmicarbazones, and phenyl hydrazones of camphorquinone. 
In a number of cases the existence of the two forms is accounted 
for on the Hantzsch-Wemcr stereochemical theory, while in others 
it has been suggested that it is due to physical isomerism. The 
work of Lockemann and Lucius (Ber., 1913, 46, 150, 1013) has, 
however, shown that in two cases the supposed stereoisomerism 
does not exist, namely, the phenylhydi-azoiies of benzaldehyde and 
salicylaldehyde. 

The isolation of a second form has, so far, been due more or 
less to chance and no general method has appeared as in the case 
of the aromatic aldoximes. It seemed of interest to ascertain if 
the simpler hydrazones could be converted into isomerides through 
their hydrochlorides as in the case of the oximes. The hydrazones 
themselves are immediately converted by acids into the azines, 
so attention was directed to tiie alkylhydrazones. These com- 
pounds were chosen as more likely to form stable hydrochlorides 
than those derived from the arylhydrazines, an expectation 
which results have justified. The only compound of this type 
which l^s been described is benzaldehydemethylhydmone, 
CgH^'CHlN’NH’CHj (Harries and Haga, Ber., 1898, 31, 62), 
obtained by the action of excess of methyihydrazine on benzaldc- 
hyde. As some difficulty arises in connexion with these com- 
pounds owing to the tendency of two molecules of mcthylhydrazmc 
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to react with three molecules of the aldehyde to give compounds 
of the type CHR(NMe’NICHR) 2 , the dimethyl* and diethyl- 
hydrazones have also been investigated. In the latter case only 
uncrystallisable oils were obtained even from aldehydes of high 
melting point. These oils, however, gave solid hydrochlorides 
and platinichlorides, but the decomposition of the hydrochlorides 
with sodium carbonate solution regenerated the hydrazone as an 
oil. If these compounds were mixtures of stereoisomerides, as 
might be expected from the difficulty in obtaining them soUd, the 
conversion into hydrochloride and subsequent decomposition does 
not apparently convert them into one' form. The dimethylhydr- 
azone and methylhydrazone of 2 J-nitrobenzaldehyde were obtained 
crystalline, but conversion into the hydrochloride and decomposi- 
tion VI th sodium carbonate regenerated the original compounds. 

Unfortunately this work has had to be abandoned for the time 
being owing to the toxic nature of the alkylhydrazines, but, aa 
far as the limited number of compounds investigated show, there 
is no indication that the hydrochloride method will give rise to 
stereoisomerides. Experience in the ca.se of the oximes, however, 
necessitates caution in rejecting the method without the study of 
a larger number of compounds, as many aromatic aldoximes cannot 
be converted into their isomer ides through the hydrochloride 
(compare Brady and Dunn, T., 1916, 109 , 667). 

The apparent failure of this method in the case of the hydrazones 
is not altogether surprising as, if the mechanism of the conversion 
of the anii- to the -oxime through the hydrochloride is along 
the lines indicated by Dunn and one of us {ibid., p. 663), sterco- 
isonieric change would not be expected in the case of the hydrazones 
under the same conditions. 

Attempts to prepare isomerides by the action of acetic anhydride 
(compare Thiele anti Pickard, Her., 1S9S, 31 , 124!) ; UK'komann 
and Lucius, loc. cit.) were unsuccessf\il, the dimethylhydrazones 
being unchanged and the methylhydraztmes giving an acetyl 
derivative. 

Although the suggestion that tl'A hydrazones underge^ isomeric 
change to azo-coin pounds first made by Uhattavay (T.. 1!K)6, 89 , 
462) and supported by Baly and Tuck {ibid., ]i. 9S2) seems to have 
been disposed of by the work of Stol)be and Novuk (Bcr., 1913, 
46 , 2887), Busch and Dietz {Ber., 1914, 47 , 3277), and Bi^h and 
Kunder (Ber., 1916, 49 , 234")), it seomecl of inton^st, while these 
compounds were available, to place on record tludr abs<Hption 
spectra (Fig. 1). These closely resemble the ahsorjriioii sjK^ctra 
of the corresponding pihenyl- and phenylmethyl-hydrazones given 
V Baly and Tuck {loc. cU.) and iiere repnxluced for comparison. 
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Experimental. 

BemaUeKydMidhylhydrazone.-One gram of diethylhydrazme in 
alcohoUe solution was added to 1-2 grams of benzaldehyde and the 
mixture left over-night. On dilution, a yellow oil separated ; 
this was extracted with ether, the solution ^h sotom 

bisulphite solution to remove unchanged aldehyde, dned, and the 


Fig. 1. 



DimethyJhydrazone oj ^^nitrobenzaldehyde. 

- Mtthylhydrazone ,, .. 

PhenyJhydmzone ,, 

— . — P}ie7iyhn€thyIhydrazon& of ,t 


ether removed, when the diethylhydrazone was obtained as a 
veUow, unervstaUisable oil. On treatment in dry ethereal solution 
with hydrogen chloride, an uncrystallisable hydrochloride was 
precipitated which, on decomposition with sodium carbonate 
Ln. regenerated an oil. The addition of platmic chloride to a 
solution of the hydrazone in dilute hydrochloric acid prec p 
tated a crystalline platinichloride which, after crystallisation fro 
Sot wL analysed (Found: Ft = 25-4. W^^Ft requires 
pt = 25'6 per cent.). 
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^-Nitrobmzaldehydediethylhydrazone , — Two grams of diethyl- 
hydrazine in alcohol were added to 3 grams of p-nitrobenzaldehyde 
in the same solvent. On treating as above, the hydrazone was 
obtained as a red oil. This was dissolved in ether and the solution 
saturated with hydrogen chloride, when a hydrochloride was 
precipitated as a yellow, crystalline powder {Found : Cl = 13-4. 
OjiHigOgNgCl requires Cl ~ 13*8 per cent.). 

Decomposition of this hydrochloride wdth sodium carbonate 
solution regenerated a red oil. A solution of the hydrazone 
in dilute hydrochloric acid gave with platinic chloride a buff- 
coloured precipitate, w^hich separated from alcohol as a buff- 
coloured, crystalline powder (Found; C — 31-0; H = 3-6 ; 
pt =: 22-7. CggHggO^NgClePt requires C - 31-0 ; H 3-8 ; 
Ft — 22-9 per cent.), 

in-Nitrocin7iamaldekyd(idiethylhydrazone. — This compound, pre- 
pared in an analogous Tuanner to the above, w^as obtained as a 
red oil. Its jdatinichloride separated from alcohol as a yellow, 
crystalline substance (Found : C — 34-0; H ^ 4*3; Pt = 21-6. 

requires C ^ 34-5; H^4-0; Pt 21-6 per 

cent.). 

l)-Nilrobei}zaldehy(hdmcthylhydmzone.—T\\o grams of dimethyl- 
hydrazine and 4 grams of p-nitrobenzaldehyde were mixed in 
alcoliolic solution. After leaving over-night, the solution was 
diluted somewhat with water, when the hydrazone was precipitated 
as a yellow solid, which crystallised from alcohol in orange-yellow 
plates melting at 111° (Found: K -- 22-0. CgHuOgNs requires 
X 21-8 per cent.). 

The p-nitrobenzaldehydedimethylhydrazone was dissolved in dry’’ 
ether and tlie solution saturated with hydrogen chloride, when a 
yellow, crystalline //yrfroc/iZonWe was precipitated (Found : Cl — 15*2. 
CgHjgOgNgCl requires Cl = lo-o per cent.). 

This, on decomposition with sodium carbonate solution, re- 
generated the original hydrazone. I'he hydrazone was added to 
four times its weight of acetic anhydride, cund a trace of concen- 
trated sulphuric acid introduced. , Tlu’ hydrazone dissolved, but 
on decomposition of the auhydritie with iced water the original 
dimethylhydrazone was regenerated. 
^■Nilrob(!nzyIidcncbis-\ymtrobe}}zaIdehydemflhylhydrazone^ 
X(VCgHpCH(XMc*X:(;K*CgHpXOj2. 

—Five grams of methylh\*drazinc sulphate were dissolved in the 
minimum amount of water, and an oquiniolecular amount of 
sodium hydroxide in a small (|nantify of water was added. 
Alcohol was tlien slow'ly added to the solution with vigorous 
stirring, when the bulk of tlio sodi\im sulphate crystallised out. 
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The alcoholic solution of methylhydrazine thus obtained was added 
to an alcoholic solution of 5 grains of j>-mtrobeiizaldehyde, and 
the mixture left over-night. On diluting^ a yellow precipitate 
was obtained, which crystallised from alcohol in radiating clusters 
of orange-yellow needles melting at 189® (Found : N = 20-3. 
^ 23 ^ 21 ^ 6^7 requires N = 20'0 per cent.). 

'P'Nitrobenzaldekydemethylhydrazone.—TwelYe grams of methyl- 
hydrazine sulphate were treated as above, and the solution of 
methylhydrazine added to 4 grams of p-nitrobenzaldehyde in 
alcohol. On leaving over-night and diluting, the hydrazone was 
precipitated ; it separated from alcohol as an orange-yellow, crys- 
talline powder melting at 93® (Found : N — 23-6. CgHgOgKj 
requires N — 23*5 per cent.). 

The hydrazone, on treatment in ethereal solution with hydrogen 
chloride, gave a precipitate of a hydrochloride which, on decomposi- 
tion with sodium carbonate solution, regenerated the original methyl- 
hydrazone. It is rather remarkable that this compound is not 
converted into the p-nitrobenzylidenebis-p-nitrobenzaldehyde- 
methylhydrazone by acids in an analogous manner to the con. 
version of the hydrazones into the azines. 

Acetyl''P'nitrobenzaldeJnjdemethylkydrazon€.—ThG above methyl- 
hydrazone was added to four times its weight of acetic anhydride, 
cooled in ice, followed by one drop of concentrated sulphuric acid. 
The hydrazone dissolved, and on decomposing the excess of acetic 
anliydride with ice-water the acetyl derivative separated; it was 
crystallised from acetic acid and obtained in colourless prisms 
melting at 186® (Found : N 19-2. C^oHnOgNg requires N ^ 19-lj 
per cent.) . 


The Kalph Kokster Lahokatoky dk Oi^uanic Chemisthv, 

University Coleege, London. [ Rcccivai , June 1922.] 


CXCVII . — The Nitro- and Ammo Derivatives of o- and 
ethoxy benzoic Acids and of a- and jS-Methoxy- 
naphthoic Acids. 

By Victor Froelkher and Julius He rend Cohen. 

In a former paper (T., 1921, 119, 1425), a series of nitro- and amino- 
derivatives of w-methoxy benzoic acid was prepared. An attempt 
has been made to apply similar methods to the preparation of the 
nitro- and amino-derivatives of o- and p-methoxy benzoic acids and 
of a- and ^-methoxynaphthoic acids. 
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Most of the isomeric nitro-compounds of the former two acids 
have already been described. They have generally been obtained 
by direct nitration of the hydroxy- and conversion into the methoxy- 
derivative. It was therefore of some interest to determine the 
orientation of the nitro-groups in the methoxy-acids. We found 
that it followed Holleman’s rule, mentioned in our last paper. 
Por example, the influence of the carboxyl group in determining 
the meta- orientation of the nitro- group was shown in the nitration 
of o-methoxybenzoic acid. The nitro-group entered mainly the 
nieta-position to the carboxyl group, as the following figures show : . 

CO2H CO2H , CO2H 

/\OMe /^|OMe 

; NOJ ; 

NO, 


■-lOMe 


25 per cent. 


27 per cent. 


48 per cent. 


This is also in accordance with the investigatons of Simonsen and 
Rau {T., 1917, 111 , 224), who showed that the orienting influence 
of a positive group (methoxyl) becomes very feeble when this group 
is accompanied by a negative (carboxyl) group in the ortho- or 
para-position. 

The above-mentioned nitro-compounds as well as two of the 
corresponding amino-compounds have already been prepared by 
Simonsen and Ran {loc. dL). They oxidised 3-. 4-, and 5-nitro-o- 
tolyl methyl ethers with permanganate and obtained the corre- 
sponding nitro- acids. Thes(‘ nitro- eomjmundH uere reduced to 
ainino-eomjmnnds with fcTrous hydroxide, a nudhod which was not 
found sati.sfactory. tlie reduction with stannous eddoride yielding 
better results. Th(‘ 3-nit ro-acid was also obtained by Storm er 
[Her., 1911,45, 655) by oxidation of the aldehyde, and by Rishman 
(./. A'tmr. Chem. Hoc., 1920, 42 , 2296) by oxidation of 3-nitro- 
2 methoxybenzyl alcohol. The 5-nitro-aeid was obtained by 
Simonsen and Rau by diazotising 5- nit rn-3- amino- 2- m ethoxy- 
benzoic acid and decomposing the diazo- coin pound and also by 
ilirect nitration [lor. dt.). Hale and Robertson (.Iwnr. Chi Jn.J.. 
1908, 39, 680). Kraut {-4»w^//e'», 1809. 150, 6), and Salkow.ski [ibid., 
1894. 173, 41), prepared the 4-nitro- com pound (in.p. 148 — 150^), 
which they ini.stook for the 5-nitro-com pound. The method of 
formation of the 5-nitro-acid (m. p. 16R) according to Simonsen 
and Rau offers a sufficient proof of its constitution. The main 
product obtained by us by nitrating tlie o-metlioxy-acid had the 
in. p. 161° and was identical with the above, and when reduced 
pelded the same 5-amino-compound described by Simonsen and 
According to Holleman’s theory, which is in agreement with 
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our own experience, the entrant nitro-group must yield the 6-nitro 

derivative. -j nitrated only one of the two 

When p-methoxybenzoic acid^w the nitro-group entering 

possible carboxyl group. It was found to be 

the meta-position to J J by Simonsen 

identical with the investigated by them. The 

and benzoic acids was carried out according 

preparation of the “e y ^ satisfactory yield 

to Cohen and Dudley ( ^ I- and S-methoxynaphthoic 

by the .... “ “I'XU; toM- L. 

” r:tS 

“iS — 

obtained by dissolving ot p thcoreticar amount of a concen- 
sulphate and mtrof u ^ ^ . as quickly as possible ; 

trated aqueous solution of sodium hy droxia j y 

but the introduced, a continuous evolu- 

When sodium hydroxide was slowiy contained 

tion of carbon dioxide occurred ■''"1 ^ ^^byl l-methoxv 

a-naphthol and its methyl ether. The yield ot raer > - 

solution^ P ^ boiled with methyl alcohol and sulphuric 

and gave a satisfactory yitkl. rrihpn and 

The a- and p-methoxy-naphthoic acids prepa ed by Cohen and 
Du^ey (/OC. J.) were not quite pure. The melting pom s i 20^^ 

123°- 126— 130° respectively),' first observed were ® ‘ 

on conversion into the potassium salts and ^ 

acids were obtained in a purer state and showed somewhat g 

“SCtnaphthoio acid gave, when nitrated, only one nitre- 
derivative, namely. 4 -nitro-l-mcthoxy- 2 -naphtho.e ac d ItsW^ ^ 
stitution was determined as follows : W hen it was boil 1 f 
minutes with strong hydriodic and, a P;,,£hoic 

obtained which was identical with 4 -mtro-l-hydroxy- 2 -n p 
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acid prepared by Konig {Ber., 1890, 23,807) and by Bay (T., 1915, 
107, 1625), who determined its constitution by converting it into 
4 -nitro-a-naphthol. When nitromethoxynaphthoic acid was boiled 
for some time with hydriodic acid, the methyl group was removed 
and the nitro-group reduced, forming 4*amino-l-hydroxy-2-naph- 
thoic acid. The same compound was also prepared by reduction 
of the above nitro-hydroxy-acid with stannous chloride. The 
4-amino-hydroxy-2-naphthoic acid was prepared by Kietzki and 
Guitcrmann {Ber., 1887, 20, 1274), by the action of benzenedi- 
azonium chloride on l-hydroxy-2-naphthoic acid and reduction of 
the resulting azo-compound, and by Weil and Heerdt {Ber., 1922, 
55, [Bl 224), by the action of diazoti^ed sulphanilic acid on 1-hy- 
droxy'2-naphthoic acid and reduction of the azo-compound thus 
formed. 4-Amino-l-methoxy-2-naphthoic acid obtained by reduc- 
tion of the nitro-compound with stannous chloriile does not form a 
tin salt (see also Weil and Heerdt, loc, cit,), but the hydrochloride, 
which is less soluble in water than the free amino-compound, 
separates from the solution. 

The nitration of 2-methoxy-ll-naphthoic acid yielded a mixture 
of nitro-derivatives which could not be separated by any of the 
usual methods. Owing to the high temperature required and the 
consequent decomposition of the product, the reduction could not 
be effected in the ordinary way. An attempt to reduce the nitro- 
compounds with stannous chloride dissolved in glacial acetic acid 
and saturated with hydrogen chloride gave the desired result. 
The reduction takes place in the cold. A tin salt was formed which, 
when treated with hydrogen sulphide, gave the hydrochloride of 
6-amino-2-methoxy-3-naphthoic acid. Its constitution was de- 
termined as follows : when boiled with hydriodic acid, a compound 
of m. p. 236—232'^ was obtained, which on heating for some time 
with dilute sulphuric acid, yielded the 2 : 6-dihydroxy-3-naphthoic 
acid prepared by Schmid {Ber,, 1803, 26, 1118) by the action of 
caustic potash on 6-suIpho-2-hydroxy-3-naphthoic acid (D.R.-P, 
69357, Friedlander, III, 506) : 


/VNoMo 


OH 

COjH 


The amino-group in 6-amino-2-methoxy-3-naphthoic acid is not 
removed when treated in the same way with sulphuric acid, but 
the acetyl derivative is easily decomposed ; and the resulting 
compound showed no sign of any amino-group being present. 
Although the replacement of the amino- group by hydroxyl has not 
h^en definitely ascertained, the new product has a different melting- 
point from that of the original methoxy-acid. 
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Experimental. 

Niiration of the Methoxyhenzoic Acids. —Fiitj grams of o-methoxy- 
benzoic acid were dissolved in 500 o.c. of acetic anhydride and cooled 
in a freezing mixture. A mixture of 25 grams of fuming nitric acid 
and three times its volume of sulphuric acid was very slowly intro* 
duced and well stirred, and the temperature kept at — 6 ° to — 8 ®. 
The mixture was kept over-night, then poured on to ice, and filtered. 
The solid was recrystallised from glacial acetic acid and yielded 
two different nitro-compounds, the 8 -nitro-acid of m. p. 194—196° 
being less soluble than the 4*nitro*compound of m. p. 147 — 149°. 
The mother-liquor, on evaporation, deposited the 5-nitro-compoimd 
which is more soluble in glacial acetic acid than the other iaomerides. 

p-Methoxybenzoic acid, owing to its insolubility, was nitrated 
in suspension in acetic anhydride. Only one nitto- compound was 
obtained ; 10 grams of methoxy-acid gave 7 '8 grams of 3-nitro- 
4'methoxybenzoic acid of m. p. 189 — 190'^. It crystallises from 
glacial acetic acid in pale yellow needles which are insoluble in 
alcohol (Found ; N — 6 99. CyH-O^N’ requires N— 7T0 per cent.). 

i~Ami7io-2-metkoxyhenzoic Acid. — This acid was obtained by 
reduction of the corresponding nitro- compound with stannous 
chloride. It is soluble in hot water, from which it may be re- 
crystallised. On heating, it slowly changed colour at about 205° 
and melts completely at 21 7—2 1 8^" (Found : N ~ 8-24. 
requires N~ 8'.'18 per cent.). 

^-Carbamido-i-me(hoxyben zoic A cid. — 3- Amino- 4- m ethoxy benzoic 
acid was dissolved in hydrochloric acid and potassium cyanatc 
added until alkaline. After boiling for some minutes, the product 
was filtered and washed with water. It is soluble in alcohol, 
benzene, light petroleum, or ether, but slightly soluble in hot water, 
from which it crystallises in colourless rosettes which melt at 313' 
with decomposition (Found; 13-58. (' 9 H 10 O 4 N 2 requires 

13‘34 per cent.). 

^-Carbetkozy-aminoA-rnetlwxybenzoic Arid.— 3- Amino-4'm ethoxy- 
benzoic acid was dissolved in sodium carbonate solution and chloro- 
formic ester added. After hetiting for some minutes on the water- 
bath, the solution was allowed to cool, acidified with hydrochloric 
acid, and filtered. The product is slightly soluble in water and 
soluble in alcohol. It was crystallised from dilute alcohol and 
formed colourless needles, m. p. 227 228" (Found : N== 5 m 
requires N=5-85 per cent.). 

\'Methoxy-2’mpktkoic Acid. — Thirty grams of l-naphthol-2' 
carboxylic acid were dissolved in 200 c.c. of 10 per cent, sodium 
carbonate solution and 12 grams of methyl sulphate slowly intro- 
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duced. The mixture was heated on the water-bath and shaken 
from time to time. After half an hour, the brown precipitate 
was filtered, washed with cold water, and dried. The yield was 
7-5 grams and the m. p. 75—80°. When the same experiment 
was repeated with more methyl sulphate, the yield was raised to 
48 per cent. This reaction did not take place when caustic soda 
was use^ instead of sodium carbonate, as the ester is readily 
^jiydfoT^d by very dilute sodium hydroxide solution. 

Ten grams of the ester were dissolved in 18-6 grams of methyl 
sulphate and heated at about 120° until all was dissolved. Through 
the top of the reflux condenser 6 grams of sodium hydroxide, 
dissolved in an equal amount of water, were introduced. A vigorous 
reaction occurred, which soon ceased. After boiling for two hours, 
the product was allowed to cool and poured into water which w'as 
rendered slightly alkaline. The oil {methyl- ester) which separated * 
was extracted with ether, the ethereal solution dehydrated, and the 
ether removed. The oil was then hydrolysed with alcoholic potash. 

The methoxy-acid was obtained in brown crystals which melted 
at 121—124° (8'4 grams). It could be purified by converting it 
into the potassium salt, which was twice recrystallised from dilute 
alcohol. The pure methoxy-acid melts at 1 26—128° and crystallises 
from alcohol in colourless needles (Found: C^70*95 ; H=5'12. 
Calc., C— 71-28 ; H =4-95 per cent.). 

>^%Mdhoxy-\-mphthoic Acid. — The ester was prepared very good 
in yield according to Cohen and Dudley {loc. cit.). It was converted 
into mcthoxynaphthoic acid in the same manner as described 
above. 

Twenty grams of [B-naphthol-1 -carboxylic acid gave 14-4 grams 
of methox 3 maphthoic acid, or 72 per cent. It crystallises from 
alcohol in colourless prisms, m. p. 126 — 130°, but after recrystallisa- 
tion of the potassium salt from dilute alcohol the pure methoxy- 
acid melts at 133 — 134° (Found : C — 70*95 ; H = 5*18. Calc., C = 
71-28 ; H =4*05 per cent,). 

i-NiiroA-methoxy-2-na'phthoic Acid . — Mcthoxynaphthoic acid was 
nitrated in tlie manner already def^cribed. Ten grams of the acid 
yielded 8*7 grams of crude nitro-acid, or, after recrystallisation 
from glacial acetic acid, 6*0 grams of acid, in. p. 195 — 106° (Found : 
N=5'52 ; Cj 2 TTg 05 N requires N=5-66 per cent.). It is insoluble 
in water or benzene, but soluble in alcohol or hot acetic acid, from 
which it crystallises in pale yellow, silky leaflets. 

4-NitrO'l-hydroxy-2-naphthoic acid was prepared by boiling 
1 gram of the nitroni ethoxy-acid for two minutes witli strong 
hydriodic acid. On standing over-night, a crystalline compound 
(yellow needles) separated which had ni. p. 214°. 

VOL. cxxi. 3 M 
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4:-Ami7iO’l~methoxy-2-m'phthoic Acid. — Eight grams of the nitro- 
compound were reduced with stannous chloride, from which the 
hydrochloride was precipitated free from tin. On dissolving in 
sodium carbonate solution and precipitating with acetic acid, the 
free amino-compound was obtained. It melts with decomposition 
at 190 — 191"^ (4 grams). It is not soluble in cold alcohol, water, 
glacial acetic acid, or benzene, but is slightly soluble in hot water, 
from which it crystallises in pale brown needles (Found : N =6 '25. 
^ 12 ^ 11 ^ 3 ^ requires N— 6-45 per cent.). 

^CarhamidoA~7nethoxij~2-mpIithoic Acid.—Uhe dry hydrochloride 
of 4 -amino-l-methoxy- 2 -napbthoic acid was heated with a solution 
of potassium cyanate in water for some minutes on the water- 
bath. The precipitate was filtered when cold and washed with 
water. It is slightly soluble in hot water or benzene, soluble in 
alcohol or glacial acetic acid, and fairly soluble in ether. It darkens 
at 170“^ and melts at 176—177'' -with decomposition (Found : N- 
10*58. 013111204^2 requires M 10' 77 per cent.). 

4:-Garbethoxyamino-i-methoxy-2-naphthoic Acid, The hydro- 
chloride of 4 -amino- l-methoxy- 2 'naphthoic acid was dissolved in 
a 10 per cent, aqueous solution of potassium carbonate and shaken 
with chlorofonnic ester. After being warmed on the water- bath 
for a few minutes the precipitate was filtered. It is insoluble in 
water, fairly soluble in ether, and soluble in hot glacial acetic 
acid, from which it may be crystallised. It melts at 210^ with 
decomposition (Found: N —5-30. requires N— 5-51 

per cent.). 

Q-Amino~2,-melhoxy~Z-naphihoic .kiV.— The mixture of nitro-2- 
methoxy-3-naphthoic acids (27 grams) was treated in the cold with 
a 25 per cent, solution of stannous chloride in glacial acetic acid 
which was saturated with hydrogen chloride. The reaction began 
immediately, and w^as completed by warming on the water-bath 
for a quarter of an hour ; the tin salt separated on cooling. The 
rest of the tin salt, dissolved in the mother-liquor, was obtained 
by concentrating and saturating with hydrogen chloride. The 
precipitate was dissolved in hot water, and hydrogen sulphide 
passed in until all the tin was precipitated. The filtrate was con- 
centrated by boiling it in a flask fittexl with a Bunsen valve to 
prevent oxidation. The hydrochloride separated in long, brown 
needles (13 grams). It was converted, by treating it with a con- 
centrated solution of sodium acetate, into the free amino-compound, 
which crystallises from pyridine in glistening leaflets, m, p, 310', 
is soluble in water, alcohol, glacial acetic acid, or hot pyridine, 
but insoluble in ether or benzene (Found ; N = 6-38. CjgHuOgX 
requires N=6‘45 per cent.). 
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The amino-compound is easily diazotised and then gives red 
azo-colours with a- and (3-naphthols and resorcinol. The sulphate 
crystallises from alcohol in long, yellow needles which melt at 196®. 
It is less soluble in water than the free amino-compound. 

The acetyl derivative was obtained by boiling the amino-compound 
with acetic anhydride and sodium acetate for two hours. When 
the resulting solution was concentrated, the acetyl derivative 
separated. It is soluble in alcohol or glacial acetic acid, slightly 
soluble in ether or benzene, but insoluble in water. It crystallises 
from dilute alcohol in slightly brown, short prisms which melt 
sharply at 193®. When heated on the water-bath for one hour 
with a 4 per cent, solution of sulphuric acid, a colourless precipitate 
was obtained on cooling, which, after being rccrystallised from 
dilute alcohol, melted at 240 — 241®. It is soluble in hot alcohol, 
but insoluble in water. It cannot be diazotised and does not form 
any salts with mineral acids. It is probably 6-hydroxy-2-methoxy- 
3-naphthoic acid. 

Q’Amino~2-hydroxy-3-naphthoic Acid. — 6-Amino-2-methoxy-3- 
naphthoic acid was heated on the w'atcr-bath for half an hour with 
a 20 per cent, solution of hydriodic acid. On cooling, yellow' needles 
separated w'hich were filtered and converted into the free amino- 
campound by the addition of sodium acetate. The hydroxy-acid 
is soluble in alcohol, ether, or ethyl acetate, but slightly soluble in 
hot winter, benzene, or chloroform, and insoluble in light petroleum. 
Recrystalliscd from dilute alcohol, it forms long, pale yellow' needles 
or rosettes which partly decompose above 210®, finally melting at 
230—232®. It gives a red colour with very dilute fendc chloride 
and a green colour with sulphuric acid. It is easily diazotised, and 
then gives a red azo-colour with at- and ^-naphthols and resorcinol 
(Found: N=7’07. 0jjH9O3X requires N^6*89 per cent.). 

When boiled for seven hours with a 4 per cent, solution of sulphuric 
acid and then evaporated to a small volume, a yellow' precipitate 
was obtained which, after being recrystalliscd from dilute alcohol, 
melted at 227 — 228® and show’cd all the properties of 2 : G-hydroxy- 
3-naplitlioic acid. 

Q-Carhamido-2-m.et.ho.ry-^-7mphthoic riciW.— The liydroehloride of 
6-aiuino-2-methoxy-3-naphthoic acid was heated with a concen- 
trated solution of potassium cyanate on the wat(T-bath for some 
minutes. When cold, the liquid was acidified with hydrochloric 
add, and the precipitate filtered and washed with water. It is 
soluble in alcohol, slightly soluble in hot water, but insoluble in 
dher, benzene, chloroform , or light petroleum . Wlum recrystalliscd 
dilute alcohol, it melts at 216 21G® (round : X -- 10’59. 
^'13^12^4X2 requires N'=A0'76 per cent.). 
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^-GarbamidO'2'hydroxy-^-na'phthoic Acid , — This compound was 
prepared in the same manner as described above and recrystallised 
from water. It is soluble in alcohol, p 3 n‘idine, or hot water, but 
insoluble in ether or benzene. It began to darken at 200° and 
melted at 340—341° (Found: 11-35. requires 

11-38 per cent,). 

Attempts to prepare the carbethoxyamino-derivative by the 
action of chloroformic ester on the amino-group gave a sticky mass 
which could not be crystallised. 
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CXCVIIL — of the Glucoside^, Part L The 
Constitution of Indican, 

By Alexandek Killed Macbeth and John Pryde. 

The study of the constitution of a glucoside must, to be exhaustive, 
take into account three main points. In the first place, the con- 
stituent sugar and the group with which it is combined must be 
identified, and the actual union of these components must be 
determined ; this may be deduced from an examination of the 
products obtained by hydrolysis, either by dilute acid or the action 
of an enzyme, but when the non-sugar residue contains several 
hydroxyl groups the structure arrived at by such considerations 
is open to some doubt. In the second place, the particular con- 
figuration of the glucoside must be determined, for the compound 
may exist in the a- and /3-stereoisomeric forms : this question may 
generally be settled by the study of enzyme action, for, since emulsin 
is the specific enzyme for ^-alkyl glucosides it may reasonably 
be concluded that all glucosides hydrolysed by it are derived from 
^-glucose. The question now remaining to be dealt with is con- 
nected with the nature of the sugar residue. Modern concep- 
tions of the structure of the sugars (Fischer, j5cr,, 1914, 47, 1980; 
Irvine, F)rfe, and Hogg, T., 1915, 107, 524 ; Irvine and Robertson, 
T., 1916, 109, 1305) show that the simple sugars and their deriv- 
atives may exist in modifications other than the ordinary butylene- 
oxide type : the internal linking of the sugar molecule in the natural 
glucosides therefore becomes a matter of prime importance. Trust- 
worthy information on this point cannot be obtained from a study 
of the sugar resulting from the hydrolysis of the simple glucoside, 
for rearrangement of the free hydroxyl groups of the carbohydrate 
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may occur during this process. Inulin, for example, on hydrolysis 
yields fructose of the butylene-oxide type, whereas trimethyl inulin, 
in which the possibility of any internal rearrangement is excluded, 
is hydrolysed to a methylated y- fructose (Irvine and Steele, T., 
1920, 117, 1474; see also this vol., p. 1060). Sucrose, moreover, 
on direct hydrolysis yields glucose and fructose, both of which 
possess the butylene- oxide linking : but octamethyl sucrose is 
hydrolysed to a tetramethyl glucose of the butylene oxide series 
and a methylated 'y-fructose {Haworth and Law, 1916, 109, 
1314). It seems clear, therefore, that trustworthy information 
regarding the internal structure of the .sugar constituent of the 
natural glucosides may most readily be obtained by a study of the 
products of hydrolysis of the alkyl derivatives of these compounds ; 
the actual liydroxyl group involved in glucoside formation may also 
be determined by such methods, when the non- sugar residue is a 
substance containing several such groups. It is proposed to under- 
take such work in this series of papers, and it is hoped to supplement 
the results thus obtaintnl by direct synthesis of the glucosides 
themselves. 

The alkylation of the glucosides has already received some 
attention. Irvine and Rose {T,, 1906, 89, 814) prepared a penta- 
luethyl salicin from the natural glucoside and showed that the 
sugar in the parent glucoside possessed a butylene -oxide linking. 
They supported these observations by a synthesis of a pentamethyl 
salicin which proved to be identical with that derived from the 
natural glucoside by methyl at ion. Moore and Tut in (T., 1910, 97, 
1285) applied the methylation process to gynooardinic acid derived 
from the natural glucoside gynocardine. A pentamethylgjTio- 
cardinate was obtained, but no attempt seems to have been made 
to isolate the methylated sugar. 

Although iiidican has been isolated as the glucoside from 1 satis 
tincioria, Polygomnn ti?ictoriu7n, and other plants by Schunck 
{Phil. Mag., 1855, [iv], 10, 74; 1858, [iv], 15, 127), the correct 
formula was not established until many years afterwards (March- 
Icwski and Radcliffe, J. Soc. Chan. Ind.. 1898. 17, 434), The 
latter workers showed that the giucoside had the composition 
CnHiyOgX, and gave on hydroly.sis glucose and indoxyl, the latter 
being converted into indigotin on oxidation. Subsequent workers 
confirmed the observation that indican was an imloxyl glucoside, 
and indicated that the constituent sugar was d- glucose. Ter Meulen 
(i?cc, irav. chim., 1905, 24. 444), established the nature of the com- 
ponent sugar by a method in which he made use of the fact that 
an enzyme enters into combination only with a sugar the simple 
glucosides of which it is able to hydrolvsc. Examining the rate of 

3m* 
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hydrolysis of indican by the indigo-enzyme in the presence of 
different sugars, he found that rf-glucose was the only sugar which 
appreciably retarded the speed of the reaction. It may reasonably 
be deduced from this that d-glucose is the component sugar of thi 
glucoside. This deduction was supported by isolating a crystalline 
sugar from the glucoside, and examining its properties. A. G. 
Perkin and his collaborators have also examined the sugar prepared 
from crystalline indican (T., 1905, 91, 1715) and found it to he 
d-glucose. Substantial proof, therefore, has been submitted that 
the sugar isolated from indican is f?-glucose, but no evidence regard- 
ing the internal linking of the sugar has been adduced. The work 
described in this paper may be outlined in the following scheme : 

Indican 

i . . 

Tetramethyl indican 

Tctramethyl methylglucoside Indoxyl derivatives 

i 

Tetramethyl Glucose 

If the sugar residue in indican possesses the normal butylene- oxide 
structure, the tetramethyl glucose isolated from it should be the 
well-known 2:3:5: 6- compound, which is crystalline and may be 
readily identified. If any alternative linking is present in the con- 
stituent sugar, an isomeric tetramethyl glucose would result, from 
which the structure of the sugar molecule might be deduced. 

As only 5 grams of indican were available, it was decided to methyl- 
ate the compound by the action of methyl iodide and dry silver 
oxide, instead of by alternative methods in which a greater ex- 
perimental loss might be expected. The raethylation proceeded 
normally without oxidation occurring, but in the first stages it was 
found necessary to use a little methyl alcohol to bring about solu- 
tion of the glucoside in methyl iodide. The product, isolated as 
described in the experimental part, was amorphous, and allattempts 
to obtain a crystalline material resulted in the formation of an oil, 
from which, on evaporation of traces of the solvent, the material was 
obtained in its original state as a friable glass. The tetramethyl 
indican isolated was easily soluble in most organic solvents, and 
had a low dextrorotation in acetone (-f 9-19“). It behaved as a 
normal methylated glucoside, and contained no traces of reducing 
sugars, indoxyl, or indigotin ; it was accordingly submitted to 
hydrolysis. 
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Baeyer (5er., 1881, 14 , 1745) showed that indoxyl condenses 
mth. isatin to form indirubin, 

CgH^ON + CgH.O^N = + H^O, 

and this reaction has been employed for the characterisation of the 
indoxyl produced by the hydrolysis of indican (Beycrinck, Proc. 
K. Akad. Wdensch., ATnsterdam, 1899, 2, 120; Hazewinkel, ibid., 
1900, 2, 512). Orchardson, Wood, and Bloxam {J. Soc. Chem. Ind., 
1907, 26, 4) adopted Beyerinck’s suggestion that the reaction might 
be quantitative and developed a method of estimation which has 
been tested with specimens of crystalline indican (Perkin, loc cit.) 
and found to be trustworthy. On submitting tetramethyl indican 
to this reaction, indirubin was produced, but the yield was only 
about 50 per cent, of the theoretical. From this it is seen that 
indoxyl is produced by the hydrolysis of methylated indican, and 
therefore it may be concluded that the non-sugar part of the gluco- 
side is not acted on during the methylation process. The low yield 
of indirubin is doubtless due to the slow rate at which the hydrolysis 
of the methylated indican proceeds; and it was on this account 
that, with the object of isolating the sugar residue, the main portion 
of the tetramethyl indican was not submitted to hydrolysis by 
dilute aqueous acids, but was subjected to the action of methyl 
alcohol containing 1 per cent, of hydrogen chloride. This method, 
which has previously been applied with success (Irvine and Rose, 
loc. cit.), results in the hydrolysis of the glucoside and the simul- 
taneous formation of the corresponding methylglucosides according 
to the scheme 

^Indoxyl derivatives 

Tetramethyl indican^ 

^ Tetramethyl glucose — >a- and y9-tetra- 
methyl methylglucosides 

Schunck and Roraer (Rer., 1879, 12 , 2311) showed that the acid 
hydrolysis of indican in the absence of air gave rise to a product 
which did not yield indigotin whe^ treated with oxidising agents. 
Perkin and Bloxam [loc. cit.) have supported this observation and 
made a further study of the hydrolysis of the glucoside by dilute 
acids. When air was excluded they obtained a substance for w^hich 
they proposed the name indoxyl brown. This product is soluble 
in alcohol and insoluble in ether, being precipitated by the latter as 
an amorphous, brown powder from concentrated alcoholic solutions. 
Puring the hydrolysis of tetramethyl indican the alcohol darkened 
considerably, and after filtration and evaporation of the alcohol 
a resinous syrup was obtained. The methylated sugar was removed 
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from this by repeated extraction with ether, and an amorphous 
brown powder remained which closely corresponded with the 
indoxyl- brown described by Perkin. 

The isolated sugar derivative was found to be tetramethyl 
methylglucoside, but traces of tetramethyl glucose which had 
escaped glucoside formation were also present. This was converted 
into the corresponding glucoside by methylation, and the product 
was found to consist of a mixture of the a- and ^ -forms of tetra- 
methyl methylglucosides possessing the ordinary butylene-oxide 
linking. On hydrolysis of these glucosides by aqueous acid, a 
crystalline tetramethyl glucose was isolated, which was readily 
identified as the 2 : 3 : 5 : 6- or butylene -oxide compound. Prom 
the results obtained it is evident that indiean is derived from a 
molecule of rf-glucose combined with indoxyl, the internal linking 
of the sugar being of the butylene-oxide type. The following struc- 
ture is therefore established for the glucoside : 

CH2(0H)-CH(0H)'CH'CH(0H)'CH(0H)-CH-0-CsHgN 

I 

0 - - - 

and enzyme action and optical properties indicate that the com- 
pound is a derivative of ^-glucose. 

In view of the results described in this paper, it is intended 
to attempt a synthesis of indican through the action of bromo- 
tetra-acetyl glucose on derivatives of indoxyl. 

Experimental. 

The Meihylatiofi of bidican, Tetramethyl Indican, 

The starting material was 5 grams of triple recry stalUsed indiean 
prepared in the Indigo Research Laboratories at Pusa, Bihar. 
This was methylated by the action of methyl iodide and dry silver 
oxide, coal gas being passed through the apparatus to minimise 
any tendency to oxidation during methylation. At no stage of the 
process was any development of the blue colour of indigotin ob- 
served. The following operations were carried out and the yield 
of methylated material after these five treatments was 4-83 
grams : 

Exiraneom solvent. Reagents. Extractive solimii. 

1. 20 c.c. Methyl alcohol, 32 grams AgjO 21*8 e.c, CH 3 L Methyl alcohol. 


2 . 10 e.c. 

„ 32 




3. 1 c.c. „ 

M 24 

ri 

25 


4. Nil 

M 24 


25 

Ether 

5. Nil 

„ 16 


14 



The product from the final methylation gave, on removal of the 
ether, a yellow, non-deliquescent glass, which softened at about 
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jQQ—nO®, and was easily reduced to a fine powder. It was readily 
soluble in methyl or ethyl alcohol, acetone, methyl iodide, chloro- 
form, ether, or ethyl acetate, slightly soluble in light petroleum, 
and insoluble in water. It was neutral in reaction and did not 
reduce Fehling’s solution. After boiling with dilute hydrochloric 
acid, the reduction of FehHng’s solution was very marked, and 
the behaviour of the compound was thus typical of a glucoside. 
The observed methoxy-content was lower than that calculated for a 
tetramethyl indican. (Found : OMe ^ 32-4. CgHgON’CgHyO (0]VIe)4 
requires OMe = 35-3 ; CgHg0N’CgHg02 (OMelg requires OMe = 
27-6 per cent.) 

The low figure for the methoxy-content is not due to incomplete 
methylation, for after subjecting the material to two further me thy 1- 
ations the result was not appreciably altered. The low result 
is rather to be expected, for the methylated indican is resinified by 
hot hydriodic acid, and the methyl iodide is evolved much more 
slowly than is usual in met hoxy- estimations ; and to this resinifica- 
tion the low Zeisel value is doubtless due. 

Attempts were made to crystalKse the methylated indican from 
various solvents, but in all cases an oily product was obtained, 
from which, on the removal of the solvent, the methylated indican 
\vas again isolated as a friable glass. To effect purification the 
material was therefore extracted under reflux with light petroleum 
containing a little ethyl acetate. After removal of the main bulk 
of the solvent, the product was freed from the last traces by heating 
to 100^ at a pressure of 10 mm. The tetramethyl indican was 
obtained as a yellow glass which gave the analytical figures quoted 
below, and further purification treatment did not materially affect 
the analytical results [Found : C = 6Q-9 ; H — 7*12 ; OMe = 
32’13. C^HijOgNfOMe)^ requires C — 61*5 ; H — 7*12 ; OMe = 
35*3 per cent.] 

The tetramethyl indican was further characterised by its rotatory 
power. In acetone, a low rlextrorotation was observed, 
a,- -h 0-104", I = 200 cm., c = 0-5657 ; whence -h 9'19". 

On hydrolysis of the tetramethyl indican by aqueous hydrochloric 
acid in the presence of isatin, indiruliin was formed, but the quantity 
obtained was less tlian 50 per cent, of the theoretical amount. 
0 1038 Gram gave 0 0366 gram of indirubin. Theory requires 
00797 gram of indirubin. The low result is doubtless due to the 
slow rate at which the hydrolysis proceeds, which is not an unex- 
pected result in view of the insolubility of the methylated glucoside 
ia aqueou.s media. A further quantity of indirubin slowly precipi- 
tates from the filtrates as hydrolysis proceeds, which is in accord- 
ance with the view expressed above. 
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SiMulta^neouB Hydrolysis and Condensation of Teiramethyl 
Indican. 

As already stated, it was decided to accomplish the hydrolysis 
of the methylated indican by the action of methyl-alcoholic solutions 
of hydrogen chloride, the component sugar being isolated from the 
reaction as the tetramethyl methylglucoside. Four grams of the 
methylated indican were accordingly dissolved in 60 c.c. of dry 
methyl alcohol containing 1 per cent, of hydrogen chloride, and the 
solution was heated in a scaled tube for twenty-four hours. The 
temperature of the furnace wus kept at 80° for the first sixteen 
hours, and was then gradually raised to 100°, the latter temperature 
being maintained for a further seven hours. The solution darkened 
considerably during the reaction, and on cooling and opening the 
tube it was found that a small amount of a lustrous, black precipi- 
tate had been formed. The alcohol was filtered off, and the residue, 
after being washed with methyl alcohol, was found to contain 
nitrogen and is doubtless a complex condensation product of 
indoxyl. The filtrate was neutralised by silver carbonate, and 
after filtration and evaporation of the alcohol under reduced pressure 
a resinous S 3 u’up remained. This was deep carmine in colour, and 
after repeated extraction with boiling ether a considerable amount 
of a brown, amorphous powder remained, the properties of which 
were in accordance with Perkin’s description of indoxyl-broi^Ti. 
The ethereal extract was coloured a deep carmine, which was 
probably due to the presence of an ether-soluble colouring matter 
derived from indoxyl To eliminate this impurity from the methyl- 
ated sugar, the ether was removed under reduced pressure, the 
residual syrup dissolved in water and the solution gently heated 
after the addition of a little vegetable charcoal (norit). This was 
found to be very effective, and the filtrate after this treatment 
showed only a pale golden-yellow colour. The water was removed 
from the filtrate by distillation under reduced pressure, and its 
last traces were eliminated by successively adding and distilling 
off small quantities of alcohol^ The syrup was finally extracted 
with ether and the ethereal solution dried with anhydrous sodium 
sulphate. On filtering and removing the solvent, 2*1 grams of a 
mobile, pale yellow syrup were obtained. 

The syrup was distilled under greatly reduced pressure and 
boiled at 110 — U5°/1’4 mm.; 1-4498. [Found : OMe = 57’5. 

Tetramethyl methylglucoside (n,, = 1-4460) requires OMe ~ 62-0. 
Tetramethyl glucose = 1*4583) requires OMe = 52*6 per cent.] 

From the refractive index of the product and its methoxy-content 
it was evident that it consisted principally of tetramethyl methyl- 
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glucoside mixed with a small amount of tetramethyl glucose which 
had escaped glucoside formation. This view was supported by the 
fact that the syrup had a slight reducing action on Fehling’s solution. 
It was therefore thought advisable to complete the conversion into 
the glucoside by methylation with methyl iodide, and on extracting 
the product of this reaction with ether and removing the solvent, 
a clear, colourless syrup was obtained which had no reducing action. 
It had a methoxy- content of 61-2 per cent, and 1'4460. Con- 
version to the methylglucoside was therefore complete. The 
optical rotation of the product indicated that it contained an excess 
of the a-form of tetramethyl methylglucoside. in water 

= -j- 89 '5°, which corresponds with a mixture of 65 per cent, of the 
a-form ([a]j) = +147*4'') with 35 per cent, of the ^-form ([a]u = 
- 17*34'')) . 


Hydrolysis of Tetramethyl Methylglucoside. 

The hydrolysis of the tetramethyl methyiglucosides isolated 
from tetramethyl indican as described above was effected by boiling 
with 8 per cent, aqueous hydrochloric acid. 0*7392 Gram of the 
glucoside was dissolved in 43*5 c.c. of aqueous acid, and after the 
addition of a little vegetable charcoal the solution was boiled for 
thirty minutes over a wire gauze. The presence of a little charcoal 
during the hydrolysis of methyiglucosides has been found to prevent 
the development of colour, which is a great advantage when follow- 
ing the course of the reaction polarimetrically. The calculated 
concentration of tetramethyl glucose resulting from hydrolysis in 
the above solution is T5004 per cent., and this should give an 
optical value of = + 2*65'' with a 200 cm. tube (tetramethyl 
glucose equilibrium value in water [a]^ ~ +83 3°). The observed 
after the hydrolysis had been proceeding for thirty minutes was 
+ 2*55°, and therefore at the end of this time the hydroh’sis was 
complete. The solution was accordingly filtered and neutralised 
with barium carbonate. After another filtration, the water w*as 
distilled off under reduced pressure, and the dry residue extracted 
with boiling ether. On removing* the solvent from the ethereal 
extract, a colourless syrup w*as obtained which on cooling began to 
crystallise in compact rosettes of needles. A portion of the syrup 
on nucleation with a specimen of 2 : 3 : 5 : 6-tetramethyl glucose, 
prepared by the direct methylation of glucose, immediately 
solidified. 

The crystals obtained melted at 70°, and after one recrystallisa- 
tion from light petroleum containing a little ethyl acetate the value 
had risen to 80°. Subsequent rccrystallisat ion from light petroleum 
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raised the melting point to 94“^, the change of the melting point on 
recrystallisation being characteristic of tetramethyl glucose. 

The tetramethyl glucose showed the customary mutarotation 
in solvents, the optical change in water being from -(-91 '5® — ►SS®, 
which is in good agreement with the values already established for 
the compound. It is therefore established that the sugar resulting 
from methylated indican is tetramethyl glucose of the butylene- 
oxide type, and from this it follows that in the parent glucoside 
the component sugar possesses a linking of this type. 

We wish to express our thanks to Mr. W. A. Davis of the Indigo 
Research Laboratories, Pusa, Bihar, for kindly supplying us with 
the indican used in the work ; to Principal Irvine, P.R.S., for the 
kindly interest he has taken in the work throughout its course, and 
to the Commissioners of the 1851 Exhibition for a scholarship 
which has made it possible for one of us to participate in the re- 
search. 

Chetocal Reseabch Laboratory, 

United College of St. S.-vlvator and St. Leonard, 

University of St. Anduews. [ Receiml , June 29<ft, 1922.] 


CXIX . — The Catalytic Decomposition of Formic Acid 
on Surfaces of Plathum and Silver. 

By Harold Calvert Tixgey and Cyril Normal Hinshelwood. 

The thermal decomposition of formic acid occurs in the following 
ways : 

{a) HCO^H = H, + COg. (6) HCOgH + CO. 

In each case the equilibrium lies almost completely on the side 
of the products of decomposition. The decomposition is very 
seasitive to catalytic influences, which determine not only the 
total velocity of the reaction, but also the relative ease with which 
the two alternative modes of change (a) and (6) take place. The 
study of the influence of conditions such as temperature and the 
nature of the catalyst on the reactions may be expected to yield 
information of some interest in connexion with the general theory 
of heterogeneous catalysis. 

Hinshehvood, Hartley, and Topley {Proc.. Hoij Soc., 1922, [A]. 
100, 575) have found that on soda glass the two reactions proceed 



FORMIC ACID ON SURFACES OF PLATINUM AND SILVER. 1669 

at about equal rates in the neighbourhood of 280°, but that the 
temperature coefficients of velocity differ very considerably, the 
velocity of reaction (a) increasing about 1’7 — 1’8 times for 10° rise 
in temperature, and that of reaction (6) about 1-3 — 1-4 times. 
Interpreting the results in the light of the view that the velocity of 
a heterogeneous reaction is not governed by the velocity of diffusion 
through an adsorbed layer of considerable thickness, but that the 
observed velocity is that of a chemical change in a unimolecular 
layer on the surface of the catalyst, the conclusion is drawn that 
a molecule which reacts must not only possess a minimum critical 
energy, according to the accepted view, but must also be in a 
certain phase. Otherwise tw-o reactions associated with such 
different temperature coefficients and correspondingly different 
critical energies could not proceed at roughly equal rates at the 
same temperature. 

- The object of the experiments to be described was to study the 
influence of temperature on the two reactions on catalytic surfaces 
of silver and platinum, in order to ascertain whether the behaviour 
of the formic acid on these catalysts is analogous to its behaviour 
on glass. The problem is rendered more difficult by the extreme 
variability of the catalytic surfaces, and special devices have had 
to be adopted to obtain the desired information about temperature 
coefficients. 

The results are briefly as follows. On platinum, from 235° down 
to 80°, reaction (a) yielding carbon dioxide and hydrogen predomi* 
nates almost exclusively. As the reaction on platinum at 80° is 
proceeding much more slowly than it does on glass at temperatures 
where reaction (6) greatly predominates, the behaviour on platinum 
is not analogous to that on glass. The temperature coefficient of 
the reaction on platinum is, howev^er, approximately the same as 
that of the corresponding reaction on glass, 1-7— I'S, the “ heat of 
activation ” being 22,000 cals, per gram -molecule, whilst tliat for 
glass is 28,000. 

On silver, the main reaction taking place is that yielding carbon 
dioxide and hydrogen. Although varying amounts of carbon 
monoxide are found in the reaction products, some of this may be 
attributed to the reaction taking place on the glass reaction bulb; 
it is, however, doubtful whether all the carbon monoxide formed 
can be thus accounted for. The temperature coefficient for the 
carbon dioxide reaction is again high, as on glass and platinum, 
being 1*9 from one series of experiments and 2‘3 from another 
over a different range of temperature. These give a mean 
beat of activation of 31,000 cals. 

It was necessary to investigate the possibility of disturbances 
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in the composition of the products of reaction due to the secondary 
reaction, CO + HgO = COg -f Hj, where the equilibrium lies 
well on the carbon dioxide side at the temperature of the experi- 
ments. It was concluded that the results could not he appreciably 
influenced by this. 

Methods and Apparatus. —The reaction velocities were measured 
by two methods : (a) by measuring manometricaUy the increase 
in pressure which accompanies the decomposition, (6) by measuring 
volumetrically the gases produced in a known time from a known 
w^eight of acid heated in a sealed bulb. 


Fjq. 1. 



^a) Manometric Experiments. —The apparatus used was a cylin* 
drical bulb about 4 cm. long and 1’5 cm. in diameter, the lower 
end of which was sealed to a 'capillary tube of fine internal bore 
about 40 cm. long and bent so as to communicate through a mercury 
reservoir with a manometer and levelling tube (see Fig. 1). 

This capillary, which was kept at a temperature of 135 — 150° by 
a suitable, electrically-heated winding of nichrome wire from the 
reaction bulb to beyond the mercury reservoir, served to transmit 
the pressure in the bulb to the mercury surface without allowing 
mercury or its vapour to reach the catalyst. To fill the bulb 
with formic acid vapour, a large excess was boiled off from it at a 
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temperature 10 — 30° below ,the reaction temperature, by heating 
in a constant-temperature air-bath. The tip was then sealed off 
and the bulb transferred to the thermostat before condensation 
could occur. 

Constant temperatures were maintained by vapour baths of 
boiling liquids in which the reaction bulb was immersed. 

(b) Sealed Bulb ExperimeTits . — The bulbs were of soda glass, 
cylindrical, of about 15 c.c. volume. A suitable amount of acid, 
in a fragile, sealed capillary, was introduced. The bulb was evacu- 
ated to below 1 mm. pressure, and sealed off, the capillary containing 
the acid being then broken. After heating, the volume and the 
composition of the gaseous products were determined. 

In calculating velocity constants, allowance was always made 
for differences in the volume of the various bulbs, since the observed 
velocity constant is directly proportional to the area of the catalytic 
surface and inversely to the volume of the bulb. 

(c) ATialysis of Gases . — Samples of reaction products were drawn 
off into an evacuated gas pipette and transferred to a Haldane gas 
analysis apparatus. 

(d) Experiments on the Water Gas Equilibrium . — In these experi- 
ments carbon monoxide at 0*5 — 1 atmosphere pressure was sealed 
up with excess of water in glass bulbs containing the catalyst, the 
bulb heated in an electric furnace, and the products were analysed. 

(c) Preparation and Treatment of Catalysts.— 'SUeh difficulty was 
found in preparing and preserving catalysts which would yield 
constant results. The platinum foil was cleaned in nitric acid or 
nitric and chromic acids after sealing up in the reaction bulb, and 
in the manometric experiments as many experiments as possible 
were completed without removal from the apparatus. In the 
sealed- tube experiments, the platinum was washed with nitric 
acid after each experiment. For the experiments at 80° and 120° 
the inside wall of a bulb was platinised by evaporating on it a 
solution of platinum chloride in alcohol and igniting. This formed 
a very active platinum mirror, which, however, did not adhere to 
the glass well enough for quantitative work. 

After many trials with different 'forms of silver catalyst for the 
manometric experiments, silver mirrors were deposited on the inner 
surface of the reaction bulbs by reducing ammoniacal silver nitrate 
with sugar solution. This surface was active, but usually disin- 
tegrated and became inactive after one or two experiments. For 
the sealed-bulb experiments, silver powder was prepared by re- 
ducing silver solution with formaldehyde, drying and igniting the 
product, and thoroughly mixing. Weighed amounts of this 
catalyst were used, each portion being used only once. 
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Experimenis with Platinum Catalyst. 

Evidence that the reaction yielding carbon dioxide is the only one 
occurring to any great extent on platinum is given by the following 
experiments with sealed bulbs. 


Expt. 

Catalyst. 

Temp. 

78^ 

Ratio CO/H 2 . 

1. 

Platinised bulb 

0-034 

2. 


118 

0-025 

3 ' 

Foil 1 

184 

<0-01 

4. 

,, 

209 

<001 


Sabatier and Mailhe have classed platinum among the catalysts 
which bring about the decomposition of formic acid into carbon 
cUoxide and hydrogen. Erom the results of Hinshelwood, Hartley, 
and Topley, glass could be placed among these at higher tempera- 
tures, but not at lower temperatures. The present results show 
that the behaviour of platinum in this respect is not analogous to 
that of glass, since the reaction yielding carbon monoxide never 
predominates. 

The platinum foil used catalysed the formation of carbon dioxide 
and hydrogen from carbon monoxide and water only very slightly 
at 235“ ; even at 260°, an active foil converted only onc-half the 
original amount of carbon monoxide into carbon dioxide in seventy 
hours. 

The reaction appears to be unimolecular, the velocity coefficient 
usually remaining constant to within about 10 per cent, in a given 
experiment. 

Temperature 206’. 


t (minutes). 

p (inm.). 

k ^ 1/f login 

P o ; — P 

4-0 

126 

0-0275 

6-3 

186 

0-0274 

9-1 

246 

0-0272 

13-3 

316 

0-0262 

20-9 

406 

0-0265 

32^2 

486 

0-0270 

End point 

563 P y. 

— 


In some cases, however, a marked increase is observed during 
the experiment, which may be due to a catalytic action of the 
reaction products, but is more plausibly to be attributed to changes 
in the activity of the surface. An accelerating influence is diffi- 
cult to explain, on the basis of adsorption, in the same way as 
“ poisoning. 

The most striking variations were shown, however, in successive 
experiments, the velocity changing hy as much as 100 per cent., 
although nothing had been done to tlie catalyst beyond cooling» 
admitting air, and boiling off a fresh charge of formic acid. The 



FORMIC ACID OK SURFACES OF PLATIKUM AKD SILVER. 1673 


fluctuations showed both increases and decreases, with at first a 
general tendency to increase. These made the main object, which 
was to determine the temperature coefficient of the velocity, very 
difficult to achieve. In the first experiments made, a “ poisoning ” 
effect appeared, which was at first attributed to carbon monoxide. 
It was not observed later and remains unexplained. 

(o) Manometric Experiments. —Aitemi^is to get the temperature 
coefficient from consecutive experiments proving unsatiiactory, 
it was decided to deduce the coefficient from a single experiment 
as follows. The reaction was allowed to proceed at the lower 
temperature until about half complete. The apparatus was then 
transferred to the bath at the higher temperature, and data taken 
starting from a new ta and po- After the end-point at the higher 
temperature had been obtained, the apparatus was returned to the 
lower temperature, and the end-point there determined ; the gas- 
law afforded a check on the readings. The constants w'erc now 
calculated for each 100 mm. of rise in p by the formula 


it = 



Hio 


- V2 


and the last value of k in the first part of the experiment compared 
with the first value in the second part, A summary of the results 


follows. 

Temp. 

141° 

Ic (average). 

k (initial). 

k (final). 

Ratio for 
10° rise. 

1. (a) 

0-00175 

0-00165 

0.00180 


i^) 

209 

0-100 

0090 

0-100 

1.77 

2. ( 0 ) 

141 

000140 

O-OOIGO 

o-oouo 


(ft) 

209 

0-0700 

0-0680 

0-0760 

1-77 

3. (a) 

HI 

0-00160 

0-00160 

0-00165 


(b) 

209 

00540 

00525 

0-0570 

1-67 

4, {a) 

HI 

0-00255 

0-00230 

0-00310 


ib) 

209 

0-0635 

0-0050 

0 0640 

1-57 

5. (a) 

141 

0-001 SO 



0-0030 


ib) 

209 

0-260 

0-23 

0-.30 

1-89 

6. (a) 

141 

0-00300 

0-00260 

0-00310 


{b) 

210 

0-083 

0-073 

0-098 

1'70 





.\verago 

1-73 


Averaging all the values of k at different temperatures obtained 
rom eleven other experiments and plotting log k against tempera- 
ure, a value of 1*70 for the temperature coefficient was obtained. 

(ii) Smkd’bulb Experiments. ~T!hc great difficulty of the mano- 
aetric experiments lay in the variability of the cataUdic surface, 
ftis was to some extent overcome by the device of the broken 
ixperiment just described ; but the comparative simplicity of the 
'eakl-bulb experiments rendered another method po.ssib]e, namely, 
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to carry out a large number of experiments and treat the results 
from a statistical point of view, This was justifiable, since the 
variation in the activity of the platinum through the series was 
quite random, and apparently depended only on the extent to 
which the surface, even after cleaning with nitric acid, remained 
contaminated with minute amounts of foreign matter. It is now 
recognised that films of molecular thickness may enormously 
influence the catalytic activity. 

Eight experiments were made at each of four temperatures. 
The mean of the eight results for each temperature, together with 
the probable error/' wteh measures the extent of the random 
variations, is given below. It must be emphasised that these 
variations have nothing to do with the experimental errors of the 
single experiments, which were negligible in comparison with the 
variations due to changes in the surface. 

Temp. . . 139‘5^ 181 '8*^ 205'5° 234'* 

ifc X 10« . . 3-9 ± 2-3 53-5 ± 13 150 ± 29 617 ± 190 

Plotting log k against temperature, the temperature coefficient 
from the slope is found to be 1-76 with a probable error of about 
O'l. Thus both this series and the manometric experiments show 
that the decomposition on platinum into hydrogen and carbon 
dioxide has a high temperature coefficient, which is of the same 
order as, but rather less than, that of the corresponding reaction 
on glass, 

Experhnents with Silver Catalyst. 

Mammeiric Experimenfs~i\ long serie.s of experiments was 
made both in the manometric apparatus and in sealed bulbs with 
silver foil as catalyst. The foil showed some activity, but it was 
of the same order that of the glass walls of the bulb. 

Eventually the catalyst w^as deposited as a mirror on the bulb as 
described above. Recourse was had to the “ broken experiment" 
to obtain consistent results from which the temperature coefficient 
could be calculated. Analysis shoived a small amount of carbon 
monoxide, but probably not more than could he accounted for by 
the reaction on the glass, 






Ratio 

Ratio 





for 10“ 

CO 

Expt. 

Bulb. 

Temp. 

k. 

rise. 

COj 

1 (a) 

6 

184= 

0-0012 



(&} 

6 

222 

0-014 

1-91 

0-00 

2 (a) 

7 

177 

0-0024 



(b) 

7 

250 

0-25 

1-89 


3 (a) 

7 

184 

0-0036 

1-90 

— 

(b) 

7 

218 

0-0.33 

1-92 

0-06 




Average 1'91 
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With regard to the secondary interaction of carbon monoxide 
and water, a silvered bulb, such as was used in the manometric 
experiments, heated for fifteen hours at 250—260°, showed no trace 
of the formation of carbon dioxide. In a test with the reduced- 
silver powder used in the sealed- bulb experiments, heating for 
twenty hours at 250° gave only 3 per cent, of carbon dioxide. 

Seded-bulb Experiments with Reduced Silver . — The catalyst used 
in each case was 1 gram of silver powder prepared as described. 
The results obtained at the two temperatures used are tabulated 
below. 


Fraction CO 


Expt. 

decomposed. 

Atotnl X 10®. H 2 

Temperature 184-6°. 

^COo X 10*. 

1 

0091 

0-063 

0-339 

0-047 

2 

0-093 

0-140 

0-597 

0-088 

3 

0-094 

0-150 

0-690 

0-089 

i 

0-151 

0-070 

0-230 

0-057 

5 

0-247 

0-128 

0-352 

0-095 

6 

0-251 

0-137 

0-233 

0-111 

7 

0-450 

0-184 

0-155 

0-159 

8 

0-548 

0-194 

0-243 

0-159 


— 





— ^ — 

Average 

0-241 

0-133 

Temperature 141-4°. 

0-100 

9 

0-114 

0-0021 

0-826 

0-0011 

10 

0-118 

0-0037 

0-933 

0-0019 

11 

0-180 

0-0020 

1-320 

0-0008 

12 

0-194 

0-0040 

0-350 

0-0030 

13 

0-578 

0-0064 

0-050 /?) 

0-0061 

Average 

0-237 

0-0037 


000264 


From the average value of the widely divergent values of k at the 
two temperatures the temperature coeflScient for 10° rise over this 
range is 2*32. 

k shows a general tendency to increase with time (that is, with 
the fraction decomposed). At present we are not able to state 
whether this is due to an influence of the products or to changes in 
the activity of the catalyst, which becomes activated during the 
reaction. The point is under investigation. 

The larger part of the acid decomposes into carbon dioxide 
and hydrogen on the silver ; the reaction on glass gives only in- 
significant amounts of carbon dioxide at these temperatures. But it 
was found both by extrapolation and by direct experiment that 
the reaction on glass could account for a large proportion, perhaps 
of the carbon monoxide formed at 141 ■4'’. For this reason 
values of arc not given. At 184*6°, the reaction on glass could 
account for only about one-seventh of the total carbon monoxide, 
so that we may conclude that for silver has a temperature 
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coefficient considerably higher than 

the temperature coefficient of is calculated from values which 

seem to increase with the fraction decomposed, but since the average 
value of this fraction is the same for both temperatures, any error 
due to this will be minimised. 


Summary of Temperature Coefficients for 





Heat of activation 




from formula 


Ratio for 10®. 

Range. 

d log. k 

=QIBT^ 

Platinum 

. 1-73 

141—209® 

21,800 cal. 


1-70 

141—209° 

21,100 „ 


1-70 

141—234“ 

23,800 „ 




Mean 22,200 „ 

Silver . 

. 1’91 

184—250“ 

30,800 cal. 


2-32 

141—184“ 

31,700 „ 


Mean 31,300 „ 

Compai'e glass . — — 28,000 „ 

It may be noticed that the platinum, which is the most efficient 
catalyst, is in this case associated with the lowest heat of activa- 
tion, with respect to one and the same mode of reaction, namely, 
decomposition into carbon dioxide and hydrogen. 

PHY.STCAI. Chemistry Laboratory, 

Balliol and Trinitv Colleges, Oxford, 

[Received, July itk, 1922.] 


CC. — Imino-aryl Ethers, Part L N-PhenylbeMz- 
imino-m-hydroxyphenyl Ether and the Synthesis 
of 2 ; irDihydroxybenzophenone, 

By Arthur William Chapman. 

In connexion with syntheses of aromatic ketones which were being 
performed by Hoesch’a method {Ber., 1915, 48, 1122), the author’s 
attention was directed to some ob-servations by Stephen (T,, 1920, 
117, 1529) relating to this type of reaction. This worker found 
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that benzoylresorcinol (I) resulted from the hydrolysis of the 
product of interaction of benzanilideiminochloride and resorcinol, 
first at SO'’ and then for a short time at In explanation, it 

was suggested that the first stage of the reaction consisted in the 
formation of i\^-phenylbenzimino-W‘hydroxyphenyl ether (II), 
\^’hich at the higher temperature underwent isomerisation to the 
anil of benzoylresorcinol (III) : 

/ \0H + HCl + 

OH _ _CPh:NPh 

\o-CPh:NPh^^ / \0H 
OH (H.) OH (HI.) 


hydrolysis 


/ >OH 

OH -f 
Ph*CO*NHPh 


hydrolysis 

I ‘ 

COPh 

/ \ 

\ /OH (I.) 
OH 

-f Ph-NHaPh 


In support of this view, it was stated that the primary condensation 
product, on hydrolysis by dilute hydrochloric acid, yielded benz- 
anilide and resorcinol. It seems more probable, however, that the 
imino-ether (II) would furnish aniline and m-hydrox}^henyl 
benzoate on hydrolysis : 

CPh(:NPh)'0‘C6H4‘0H~->Ph-C0*0*C6H,-0H + NH^Ph. 

This conjecture was strengthened by reference to the literature 
(Pinner, “Die Imidoaether,” 1892 ; Hantzsch, Ber., 1893 , 26, 
926 ; Lander, T., 1901 , 79, 690 ; 1902 , 81, 591 ; 1903 , 83, 320 , 
766 ), and therefore it was decided to attempt the isolation of the 
imino-ether in question, and to investigate its behaviour under the 
Tarious conditions employed in Stephen's condensation. 

Alter several unsuccessful attempts, a suitable method for the 
preparation of the imino-ether was devised as an adaptation of 
the iuethods of Hantzsch and Lander [loc. cH.), and consisting in 
the addition of an ethereal solution of benzanilideiminochloride to 
a solution of a large excess of resorcinol in absolute alcohol con- 
taining slightly more than the theoretical amount of sodium 
ethoxide. 

As had been anticipated, the imino-ether prepared in this way 
converted by hydrolysis with hydrochloric acid into m-hydroxy- 
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phenyl benzoate and aniline, the identity of the former product 
being established by comparison with a sample prepared by the 
action of benzoyl chloride on resorcinol (Einhorn and Holkndt, 
Annalen, 1898, 301 , 104). The formation of benzaniUde and 
resorcinol observed by Stephen on hydrolysis of the product obtained 
by heating a mixture of benzanilideiminochloride and resorcinol 
at 50®, would therefore appear to indicate that the materials were 
to a very large extent unchanged by the treatment. A repetition 
of his experiment confirmed this conclusion, since hydrogen chloride, 
the other product of the reaction, was evolved only in very small 
amount. 

Furthermore, the imino-ether underwent no apparent change 
when heated for half an hour at 155 — 160®, but at 170® or above 
darkening occurred accompanied by some depression of melting 
point, In the latter case, hydrolysis of the product yielded, in 
addition to benzoic acid, a small proportion (1'8 per cent,) of benz- 
anilide, but no benzoylresorcinol, and a similar result was obtained 
at 185 — 195®. It followed, therefore, that the imino-ether itself 
was not responsible for the formation of the anil of benzoylresorcinol 
as stated by Stephen. A repetition of his experiment confirmed 
the formation of benzoylresorcinol, and an examination was accord- 
ingly made of the behaviour of another possible intermediate pro- 
duct, namely, the imino-ether hydrochloride. This compound was 
easily prepared by passing dry hydrogen chloride into a solution 
of the imino-ether in benzene; and when heated at 150 — 160® for 
fifteen minutes and subseq^uently hydrolysed wth hydrochloric 
acid, it furnished a 4-5 per cent, yield of benzoylresorcinol. By 
heating at 165 — 175® for twenty-five minutes, the yield was increased 
to 20 per cent. 

This indicates that it is the imino-ether hydrochloride rather 
than the imino-ether itself from which the anil of benzoylresorcinol 
can be produced on heating; and therefore it would seem very 
probable that the reaction in question depends on preliminary 
dissociation of the hydrochloride into resorcinol and benzanilide- 
iminochloride, followed by a process of direct substitution ; 


/'\0-CPh 

1 Ml 

\/ NPhJICl 
OH 


/\OH CPhCl 

I I +1 — > 

\/ NPh 
OH 


CPhINPh 
/\OH 
I I +HCI 
\/ 

OH 


It has long been known that the anils of di-.^/* substituted amino* 
benzophenones may be prepared by the action of A^-arylarylimino* 
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chlorides on tertiary aromatic amin (Meister, Lucius, & Briining, 
1887 , D.R.-P. 41,751, 44,077); for example, 

CArCl NRa/X NRg/X 

II + [I — > II +Ha 

NPh \/ \/CAr:NPh 

In the present instance, it has been found that benzoylresorcinol 
can be prepared from the product of interaction of benzanilideimino- 
chloride and resorcinol at 100'^, at which temperature the imino- 
ethcr hydrochloride undergoes no change. It seems difficult, there- 
{ore, to escape the conclusion that in this case, and hence in the 
experiment described by Stephen, direct substitution takes place, 
and that this represents the normal course of keto-anil formation. 
It will be noted that these experiments form a further con- 
ribution to the evidence which is gradually accumulating to show 
•hat, at least in some eases, the so-called “ indirect substitution ’’ 
;Blanksma, Bee. irav. chim., 1902, 21, 281 ; 1904, 23, 202), involving 
the migration of a substituent from the side-chain into the nucleus 
an aromatic compound, in reality depends on a preliminary 
thsion by hydrolysis or other analogous reaction, followed by a 
process of direct substitution, Thus Orton and Jones showed 
that the production of C-chloroacet anilides froin lY-chloroacet- 
anilides in the presence of hydrochloric acid proceeds by a pre- 
liminary formation of acetanilide and chlorine, the latter then 
directly attacking the nucleus (T., 1909, 95, 1456). Similarly, 
it has recently been shown that dim ethyl aniline hydrochloride 
accompanies o* and p-toluidine hydrochlorides in the product 
of heating metliylaniline hydrochloride; and therefore methyl 
chloride is a product of the reaction and probably responsible for the 
toliiidine formation (Beckmann and Correns, Rer., 1922, 55, [R], 852). 

Further experiments on tlie thermal decomposition of imino- 
arjd ethers and their hydrochlorides, which have shown that these 
reactions differ markedly from those of the imino-alkyl ethers, 
«ill be dealt with in a future communication. 

E X r E R I M E N T A E. 

'^■Vhn\jlbenzimino-m~hijiirox'iipy)})jl Ether. — Sodium (G grams) 
and resorcinol (75 grams) were di.sscdved in al)soliite alcohol (250 
at' ), a stream of hydrogen being passed through the lla.sk through- 
out the process. The resulting solution w'a.s at once treated with 
an ethereal solution of l>enzanilideiininochloride prepared from 
^nzanilide (50 grams) and ])hosphoni3 pentachloride (Wallach, 
1877, 184, 77), when sodium chloride was immediately 
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1 tVift ethor and, most of the 

precipitated. the ’residue poured into water, the 

alcohol were distd e crystallisation from alcohol, 

oil obtained rapidly ^ cent calculated on the weight of 

42 grams of material (5 p ly^g point, 164—165°, was 

benzanilide) were obtained, the § 

raised to 167-168° by reputed p,lo ydiow, 

^ » - * 

®^’^'''°w’^r’'^^l^nrepared^TroT hydrogen chloride and the 
. r Tl 5 °Kramsf in hot benzene (600 c.c.), was precipiteteil 

imino-ether (15 gra ) .powder (11*8 grams), and dried 

as a very pale jud sfdium hydroxide, 

in a vacuum over su p ,,jg_j 790 decomposition to a 

When quite fresh, ^ ^ treated with small 

red Uquid, For analysis, it Jy. hydrochloric 

nuantitics of hot water contaimng mtr y 

i,. tk. oo»bi..a ^ HCl - ll-.- 

r H Oi>N HCl requires HCl = 11*2 per cent.). 

^hydrolvsis of Ether The 

imfno ether (2 1-) f ""“Tf t 

hydrochloric acid (7 o,c.) in a boiling “ 

t arlHpH and the heating continued for hve minutes, ny 

cryltallising the’ solidified oil from dilute alcohol scales (0*65 gram) 
m 7 130-131°, were obtained, with a smaller quantity of les 
nurl’ material. By repeated crystallisation from a mixture o 
eZofofm and light petroleum, the molting point was ra.e 
to 133—134° and this was not depressed by admixture mth 

rndHollIndt’s method (loc. ciL). The P-sence of am mo 
the acid liquor from the hydrolysis was demonstrated by the usual 

:S-Phenylhmzimino-m-hjdroxijphenyl Ether wkn 
ffenled.-Neither the appearance nor the melting point of tte 
imino-ether was changed when a sample was heated for thi y 
minutes in an oil-bath at 155-160°. The imino-ether (10 grams) 
was then heated for thirty-five minutes at 170°, fusion *Jeing coi^ 
plete in twenty minutes. The dark brown product softened be o 
120°, but melted at 163—165°. The hydrolysis with repeatedly 
renewed quantities of hydrochloric acid (Stephen, loc. at.) 
considerably faoiUtated in the presence of glass-wool, on wfli 
the oily material distributed itself. The substance crystallising 
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from the cooled filtered solutions was separated by sodium carbonate, 
in which benzoylresorcinol is soluble, into a soluble and an insoluble 
portion. The sodium carbonate solution furnished, on acidification, 
pure benzoic acid only (1-6 grams), which melted at 122—123°. 
The insoluble portion (0'13 gram) was identified as benzanilide. 

A similar experiment, in which 7 grams of the imino-ether were 
heated at 185—195° for thirty minutes, gave 0-86 gram of benzoic 
acid and 0-09 gram of benzanilide, m. p. 163°. 

Bektviour of ^-Phenijlbenzimino-m-kydroxyphenyl Ether Hydro- 
chloride when Heated . — The heating and the hydrolysis were con- 
ducted in the same way as in the case of the imino-ether, 4 grams 
of material being employed. One experiment was performed at 
150—160° for fifteen minutes, slight fusion being observed at the 
bottom of the tubei whilst another, at 165 — 175° for twenty-five 
minutes, resulted in fusion to a dark brown mass with slight evolution 
of hydrogen chloride. The material separating from the cooled 
filtered solutions was repeatedly extracted with hot benzene. 
By evaporation of the extracts and crystallisation of the residues 
from water, pale brown, slender prisms w^ere obtained, m. p. 144— 
145°, which were identified as benzoylresorcinol by comparison 

a sample prepared by the Hocsch reaction. The respective 
yields at 150 — 160° and 165 — 175° were Odl gram (4-5 per cent.) 
and 0*5 gram (20 per cent.). The small residue insoluble in benzene 
was showm to be the hydrochloride of diphenylbenzenylamidine 
by conversion into the base (m. p. 146—147°) and by direct com. 
parison wnth a sample of diphenylbenzenylamidine prepared by 
the action of benzanilideiminochloride on aniline. 

When the hydrochloride (2-3 grams) w^as heated in a boiling 
nter-bath for thirty -fiv^e minutes, its melting point and appearance 
underwent no change. 

In order to imitate as far as possible the conditions employed 
ill the fusion of benzanilideiminochloride and resorcinol, the hydro- 
chloride was mixed with benzanilide {0-5 gram) and resorcinol 
(O'O gram) and again heated in the water-bath for thirty-five 
minutes. The mass partly fused and a trace of hydrogen chloride 
^as evolved. The residue was then liydrolysed as before, but 
the sole product was pure benzoic acid, m. p. 122—123°. 

of BenzonilideDtunochloridc and Bcsorcinol at 100°. 
"An intimate mixture of resorcinol (2 grams) and henzanilideimino- 
chloride (3-9 grams, b. p. 210— 211°/46 ram.) was heated in a boiling 
^atcr-bath for twenty minutes. The fused mass separated into 
^0 layens, the lower being much darker and more viscous than 
Clipper, and a little hydrogen chloride was evolved. The residue 

hydrolysed by warm dilute hydrochloric acid (50 c.c.), and the 
VOL.CXXl. 
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product .separated by crystallisation, first from dilute alcohol, 
and then from a mixture of chloroform and light petroleum, into 
pure benzanilide (1-3 grams, m. p. 162'5 — 163"') and benzoyl- 
resorcinol (0-7 gram, m. p. 143—144°). From the mother-liquors 
a very small quantity of material, ra. p. 112—115°, probably 
impure m-hydroxyphenyl benzoate, was obtained. 

The author wishes to acknowledge his indebtedness to Dr, J. 
Kenner for directing his attention to the subject of these studies. 

Chemistry Derartmeut, 

The University, Sheffield. 


[flecfiiwd, June 13^A, 1922.] 
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from the cooled filtered solutions was separated by sodiuui carbonate, 
in which benzoylresorcinol is soluble, into a soluble and an insoluble 
portion. The sodium carbonate solution furnished, on acidification, 
pure benzoic acid only (1*6 grams), which melted at 122 — 123°. 
The insoluble portion (0-13 gram) was identified as benzanilide. 

A similar experiment, in which 7 grams of the iraino- ether were 
heated at 185 — 195° for thirty minutes, gave 0-86 gram of benzoic 
acid and 0-09 gram of benzanilide, ni. p. 163°. 

Behaviour of 'H-Phenylbenzimino-m-hydroxyjjkenyl Ether Hydro- 
chloride, when Heated.— The heating and the hydrolysis were con- 
ducted in the same way as in tlie case of the imino-ether, 4 grams 
of material being employed. One experiment was performed at 
150—160° for fifteen minutes, slight fusion being observed at the 
bottom of the tube; whilst another, at 165 — 175° for twenty-five 
minutes, resulted in fusion to a dark brown mass with slight evolution 
of hydrogen chloride. The material separating from the cooled 
tiltered solutions was repeatedly extracted with hot benzene. 
By evaporation of the extracts and orystallisation of the residues 
from water, pale brown, slender prisms were obtained, m. p. 144 — 
145°, which wore identified as benzoylresorcinol by comparison 
iiitli a sample prepared by the Hocsch reaction. The respective 
yields at 150 — 160° and 165 "175° wore O-ll gram (4*5 per cent.) 
ind 0*5 gram (20 per cent.). The small residue insoluble in benzene 
ivas shown to be the hydrochloride of di phenyl be nzenylamidine 
byconversion into the base (in. p. 146 — 147 ) and by direct com- 
parison with a sample of diphenyl benzcnylamidine prepared by 
the action of benzanilideiminochloride on aiiiliiie. 

When the hydrochloride (2-3 grams) was heated in a boiling 
water-bath for thirty- five minutes, its melting point and appearance 
underwent no change. 

In order to imitate as far as possible the conditions employed 
ill the fusion of bcnzanilideiminocliloride and resorcinol, the hydro- 
chloride was mi.xed with licnzatiilidc (0*5 gram) and resorcinol 
(*J ‘0 gram) and again heated in the water- bath for thirty-five 
minute's. The mas.s partly fused and a trace of hydrogen chloride 
^vas evulved. The residue was the-ii hydrolysed as before, but 
the sole product was pure benzoic acid, m. p, 122—123°. 

(^oiKknsatiofi of BenrMnilidciminoi'hloridc and Bc'^orcinol at 100°. 
"-^n intimate mixture of resoreiiioi (2 grams) and lienzanilidcimino- 
chloridc (3-9 grams, b. p. 210 — 2ll°/4l> mm.) was heated in a boiling 
^a.ter-balh for twenty minutes. The fused mass separated into 
Uo layers, the lower being much darker and more viscous than 
iheupper^ and a little hydrogen chloride was evolved. The residue 
hydrolysed by warm dilute hydrochloric acid (50 c.c.), and the 
CXXI. 3 N 
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product separated by crystallisation, first from dilute alcohol, 
and then from a mixture of chloroform and light petroleum, into 
pure benzanilide (1-3 grams, m. p. 102-5 — 103°) and benzoyl- 
resorcinol (0-7 gram, m. p. 143 — 144°). From the mothcr-lkjuora 
a very small quantity of luatcriai, in. p. 112 — 115°, probably 
impure //i-hydroxyphenyl benzoate, was obtained. 

The autlior wishes to ae knowledge his indebtedness to Lir. 
Kenner for directing liis attention to tlic subject of these studies. 

CliKM ISTR Y DeI' A RT M !•: NT, 

The Um\ erslty, yiiLi'i ield. [/LtaoTt?, June 13///, 1322.] 


CCL — Cri/st(iUi)ic Gl iicoi<c-aiiunu}iia and 
[^oGlacosauiind, 

By Aktih’k Koijkkt Ling and Binshaw Battonji Nanji. 

In 1803, Lohry do Bruyu and Frauchimont {/lee. tmv. chim., ISDo, 
12, 286) obtained a crystalline derivative of glneose by dissolving 
ordinary dextrose in annnoniacal metliyl alcohol. They found that 
the same substance is obtained by treating the two isomeric 
pentacetyl glucoses with alcoiiolic ammonia. They state that this 
substance is isomeric with theg}noo.sarainc obtained by the liydrolysis 
of chitin. 

When the compound is boiled with an excess of A/lO-sulphurio 
acid for some time, it is hydrolysed, and the above-named authors 
point out that the nitrogen can in this way be estimated ijy litratieii. 

In this paper it is also stated that lactose and galacto.se give 
crystalline derivatives when treated with ammoniacal methyl 
alcohol. Fructose is said to gi\ e an amur])liuus and a crystalline 
derivative. 

The aqueous solution of the lactose deri\ ative is said to give 
oil ammonia after a time, and l.obry de Bruyn and Franehimont 
remark, "La heiosamim (M d ce quil mnhk une akkhjde- 
ammoniaquer This evolution of ammonia, as n-e shall .show, is 
also true of the glucose derivative (see ]). 1086). 

stone i.hner. Ckm. |S!l,-, 17, m) obtained a eryskliinc 
substance by suspending dextro.e iji absolute ethvi alcohol which 
had been saturated with airunonia. It was easily soluble in water, 
reduced Fohling s solution sumew hat more strongly than dextrose, 
meUed at 122- d:>3“, and liad aspccilic rotatory power of [x]i,22-- 
21-7 , without exhibiting inutarotation. Ristillcd with sodium 
hydroxide, the whole of the nitrogen was found to bo evolved as 
aramonia. A titration gave gcr cc-nt. of ammoni.i. Tl.e 
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author accordingly believed the substance to be an ammonia 
derivative, CgHj^OgjNHg, analogous to aldehyde -ammonia. 

There seemed little doul>t that the substance obtained by Stone 
was identical with that obtained by Lobry de Bruyn and Franchi- 
mont, and this was assumed in further papers by Lobry de Bruyn 
[Rec. trav. chha., 1895, 24, 98; Ber., 1895, 28, 3082). 

In the last two papers, Lobry de Bruyn, in referring to Stone’s 
luctliod of analysis — distilling with sodium hydroxide- suggests 
(hat under these conditions the whole of the ammonia is not evolved. 
He rocrystalliscd the substance, as obtained by his method, from 
95 per cent, methyl alcoliol and then found it to melt with decom- 
position and darkening at 127— 128^ A com])lctc elementary 
analysis showed tliat it hml the composition of a glucosamine, 
t'gHjgOjN, and the author remarks {Re-c. trav. chivi., 1895, loc. cit.) 
"la d^glucommine n'csl jxisjmr co}isequent un aldchyde-ammoniaque; 
cUc cst isomhe avee hi chitasamine {encore nonmee dtort (/lucosamine) 
d arec I isofjhico.iuminc ci I ocrosamuic de J/. Fischer^ qni ctpenduni 
jmqic'iei 7i' out etc obtenucs qua sous forme de strops on de selsF 
Lobry de Bniyn {Ber., 1S95, loc. cit.) describes a number of 
similar derivatives of other sugars. He suggests that tlie gluco.se 

NH 

derivative contains the grouping CH — CK-OH. 

In von Lippmann's “ Cheniio der Zuckerarten ’’ (1904, vol. T, 
p. 504), it is stated that Wohl has suggested that the grouping 

.. NH .. 

“CH*(CH-0H)2*CH-0H i.s the more probable; but no reference Is 
given to an original pa}x*r by Wolil. 

Irvine, Thomson, and Garrett (T., 1913, 103, 238) have examined 
the products of the action of ammonia and alkylaniines on glucose 
and fructose. 

Discussing the probable constitution of Lobry dc Bruvn's 
'"glucosamine,’' they reject the formuke of Lobry de Bruyn and 
of Wohl as being inconsistent with their observations that ammonia 
is without action on alcoholic solutions of .saccharo.'<e and of *♦ 
methylglucoside. They state that although ail the vesnlU obtained 
are not entirely consistent, the bulk of the evidence points to the 
formula 

HO‘GH,/(TT(OH)*rH-GH(OH)-GH(OH)-GH-XlL, 

' 0 ' 

the iinino-fornnda, 

GH*CH2-[CH*OH]prH:NH. 

^^hilst recognising that either of those two formuke might result 
roni the dehydration of a d(‘rivati\ e of tlie aldehyde - ammonia 
type, they assert that there is no po.'^itive evidence uf tlie formation 

3n2 
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of such an additive compound from glucose, Stonrt results {loc. cit.) 

crystalline compound obtained 
ihere can oe „,,riHed bv rccrystallisation from methyl 

*m cnto^- oompo'sition assigned to it by that 
It the stme time^he pLib.hty is not excluded that the 

initial product of t'^Y'^^^^aramTirand thit 

alcohoUc solution is a glucose-ammonia ^ ^ 

from methyl alcohol it loses one molecule of watei. Uur own uork 
onThractfon of ammonia in aqueous solution on dex rose J. Soc. 
Chm /«d 1922, 41, 151 t) renders this highly pmbable^ We have 

fi ei-. « — i-; “ i";, iS"; 

»« j <le*™ 10.,, 11, .0 th. ™l,i.g 

fctone, ai' i— > 1*^8 'I It contains the 

noint of the re crystallised pioduct (1-^ 

ne ItLc of nitrogen required by glueose-ammonia. In aqueous 
LTuti t reduces Fchling'^ solution, ammon.acal s.h;er nitrate, 
llStions of salts of other heavy metal, g^g 
just as does the glucose-ammonia 

Like elucose-ammonia, the aqueous solution of Lobry de Jirujus 
URe glucose evolution of carbon 

substance decompose^, lien iieaiei. , ^ ^ 

dioxide and the production of dark-coloured products (ifc d ). 

Frorthese clis.derat.ons it would seem to be established a 
the product formed by the action of ammonia on 
alcoholic solution is the same as m aqueous solution, namely, 

glucose-ammonia. 

to furnish still further evidence. Kpinir 

Since aldehyde-ammonia compounds arc ° ® 

reduced to primary amines, thus R'CHO.XHj-^R'C l U 2 

vr _ -R-rH -NH 4- H,0, glucose-ammonia should yield on 

S™,;,. .1 ...1 s™, (c-s “i- 

1901 132, 9S0), thus OH-CH.,’[CH-OHJpC'H(OH) -r 2 

= 0H-CHy[CH-0H]4-CHyNHi, + H/), and this we hnd to be th 

“^Finally, Knoevenagel and Mcrcklm (ficr., 1904, 37, 4087) having 
shown that formaldehyde sodium bisulphite condenses with co 
pounds containing the amino-group, thus : 


R-NH, 


- OH-CH,'SO,Ka = R-NH'CHySOjNa + HoO, 


we have succeeded in condensing the supposed glucose-ammonia 
with formaldehyde sodium bisulphite "i* Na 

^.sodium sulphonate. 0H-CHy[CH-0H],-CH(0H)-NH-CH,-S0,Na. 
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We contend, therefore, in the light of the evidence furnished, 
that we have definitely proved that the crystalline compound 
obtained by the action of ammonia on dextrose in methyl -alcoholic 
solution is glucose-ammonia, whilst for the constitution of the 
anhydride, «soglucosamine, we can at present add nothing to the 
deductions put forv'ard by Irvine, Thomson, and Garrett [loc. cit.). 

Experimental, 

Preparation of Glucose- Ammonia. 

Instead of dissolving dextrose in ammoniacal methyl alcohol, the 
method adopted by Lobry de Bruyn and Franchimont, we found 
the following mode of procedure a more convenient one. 

A current of ammonia (generated by warming concentrated 
aqueous ammonia, d O-SSO, and scrubbing the ga.s through a tower 
of quicklime) is passed into a suspension of dextrose (25 grams) in 
9 j per cent, methyl alcohol (200 c.c.). The dextrose dissolves after 
a time and a further 25 gram.s are added. This is repeated until 250 
grams in all of dextrose have been dissolved. Care should be taken 
not to allow the temperature to rise above 20 — 30"". After a while, 
crystals separate in small rosettes. Separation commences at 
room temperature in about a fortnight, but this may be greatly 
expedited by cooling in an iee-ehe.st, and scratching the sides of 
the flask with a rod. In these circumstances the syrupy solution 
solidifies to a solid magma of crystals in less than a fortnight. 
The cry.stals are collected and the solvent is removed as completely 
as possible by suction. E.vamination under the microscope shows 
that the substance is homogcneou.s. It is, however, hygroscopic 
and cannot be dried over sulphuric acid, since under these conditions 
it at first lose.s some ammonia and then one molecule of water. It 
was found possible, however, to dry siiiall portions on a porous 
plate. The dry suhstanee then melted at 123 -124' with dccom- 
podtkm and darkening. Stone (/i>e. cit.) gives the melting point as 
12:'— 123 ', Its.speeific rotatory puwerin aqueou.s solution was found 
tobc['i], [ 20-3' (r - 5). Heated witli |)lienylhydrazine acetate 
111 tlie ordinary manner, it gives plienylglueosazone. It reduces 
Idiling's solution, ammoniacal silver nitrate solution, and solutions 
ofi^alts of other heavy metals giving metallic iniirors, and when its 
aqueous solution is boiled ammonia is given off and the .solution 
darkens. 

It is thu s seen that the substance behaves similarly to the glucose- 
^Jiiraonia recently de.seribed by ns [loc. dt.). '!1ie nitrogen content 
ordinary Kjeldahl inethnd was found to be N — 6*8(), whilst 

y the nhcro-Kjeidahl method (Ling and Price, J. Soc. Chem. Ind., 
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1922, 41, 149t) it was found to be K = 6*83. (Glucose-ammonia, 
CgHjgOgN, requires N = 7-10. Glucosamine, CgHj^OgN, requires 
N — 7'93 per cent.) 

Analysis therefore confirms the view that the substance is glucose- 
ammonia. As will be seen, however, the results are low, this being 
due partly to the absorption of moisture during the weighing -out 
of the portion for analysis, and partly to the loss of ammonia which 
occurs. 

The product obtained as above de.scTibed may be recrystallisefi 
from 95 per cent, methyl alcohol as stated by Lobry de Bruyn 
{loc, ciL). The crystals thus obtained are in the form of needles and 
melt at 127—128" {ibid.). 

Analysis showed that tiiey had the composition of a glucosamine 
as stated by Lobry de Bruyn, thus N — 7*5 to 7-44 per cent. These 
values, it will be seen, are intermediate between those required 
for glucose- ammonia and glucosamine, this being possibly due to 
incomplete dehydration. 

Production of Glucdniine, 

It is evident that the reduction of a compoiind of the nature of 
glucose- ammonia must l)c conducted in neutral solution. Three 
methods were tried, (1) catalytic hydrogenation, (2) reduction with 
aluminium amalgam, and (3) electrolytic reduction. Of these, 
No. 3 was found to be the most efficient and No. 1 the least. 

No. L- Following Mignonac [Pompf. rend., 1921, 172, 223), the 
unpnrified glucose-ammonia was dissolved in absolute mothvl 
alcohol so as to make an approximately 10 per cent , solution, and 
the catalyst (finely divided metallic nickel, specially prepared by 
electrolytic reduction) was introduced, oxygen being carefully 
excluded. A current of hydrogen was now pa.ssed through at the 
ordinary temperature. The reaction is at an end when no more 
hydrogen is ab.sorhed. At tlii,s point, the cataly'st i.s filtered off 
and the solution dealt with by appropriate methods. 

No. 2. For the reduction with aluminium amalgam, the un- 
purified glucose-ammonia (10 grams) was dissolved in 100 e.c. of 
95 per cent, methyl alcohol and treated with 2* 5 grams of aluiuiniuni 
amalgam prepared as follows: Aluminium turnings* are first 
freed from oil by Ijoiling with an aqueous solution of sodium 
hydroxide until a copious evolution of hydrogen ha.s set in. The 
metal is llien rinsed w ith water and allowed to act on a 0*5 per cent, 
solution of mercuric chloride for one to two minutes. The amalgam 
i.s finally w'ashed with alcohol and ether. The reduction is carried 

♦ We are indebted to Dr. R. Seligman for siipplving ns with aluminium 
turnings. 
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out at a temperature of 40°, and when the reaction is complete the 
aluminium hydroxide is filtered off. The filtrate contains the base 
together with other products, for example, mannitol. 

^ 0 . 3, — For the electrolytic reduction, an approximately 10 per 
cent, solution of the glucose-ammonia in 95 per cent, methyl alcohol 
serving as the cathodic liquid was introduced into a thin porous pot. 
A saturated solution of sodium carbonate was used as the anodic 
liquid. The electrodes used were of lead. The current density w^as 
()<2 ampere per sq. cm. and the E.M.F. 0—7 volts. The temper- 
ature rises slowly during the rcdnctif)n, but under the given con- 
ditions keeps coastant at aliout 40°. Tlio passage of the current is 
continued for about four hours. This metliod was found to be the 
most sati.sfaotory of the three. 

Tile sf>lntions ol)tained by the three reduction metliod.s all gave 
the oharaeteiistic te.st.s forglucamine as described by Maquenne and 
Koux. With nitrous acid, nitrogen was evolved; they showed 
strongly alkaline reaetion.s, dissolvc'd fcTric hydroxide giving a 
reddish-brown solution, and cupric hydro.xide giving a dark Ijlne 
solution. With mercuric chloride and with si h er nitrate, preci- 
pitates were formed, which after a time, or more (jiiiekly wlieti 
lieated, changed to dark, metallic diqxisits. When heateil with 
iodine solution, siibstaneos were fornicfl jxissessirig the odour of 
iudedorm. Finally, unlike the ])unMit glucose an mu uiia, they 
fonm'd salts. (Jlueaniine was, in fact, isolati'd as the oxalate, 
whicli separated out in eharaeteristie, liexagnnal plates (Maquenne 
and Roux, !(M’. r/L). We <h‘emed it unnee<*ssarv to make an analysis. 

The condensation pnuluet of gliU (is<‘ ammonia w ith forniaklehyde 
?odiuiu bisulphite was preparetl as f(dlows : Onliiiarv 40 ]jer cent, 
funiialin (T o e.e.) is mi.xed with a solution <4 sodium livdrogen 
^nlpliite (10-4 grams) in water (llO e.e.), and the inixlnre is ke[)t at 
"11 for about half an hour, when llie od<nir (if fonnaldehyde will 
have (lisa pjH'ared. (lliieos(‘ ammonia (lilt grains) is tlnni dissolved 
in the solution, and the niixtniv kept in an ineiihator at 3s - 40° 
rirtwo (lavs. 'Ih) isolate th(‘ salts, ad\ anlage was taki-n (4 tin* fact 
that the o).sodiuin sidplnjiiate derivativ(‘s art‘ only sparingly soluble 
in alcohol. 4'he solution is transfenvd t<» a s^qiarating funnel and 
an equal volume (4 SO pereimt. aleolod ad(hMl. wlnm the comhnisation 
lii’wliict is preeipilati'd as a .syrupy liipiid. 'The mixture is well 
diakt ‘11 to I'einove tin' nnalt(‘red reagjnits, the syrup removed from 
tli^ alcoholic layer, and again shaken with Omr suee('ssiv(‘ ipiantities 
d K(i |)(.p jjleohol (4 ahoiit the same volniiu' as the syrup, 
finally, the synq) is s(‘f)a rated and run into a INdri disli, whieli i.s 
pM in a vaemim desit'cator oV(‘r eon(*entrattsl sulfdiiirie acid, 
^■^<1, after a tim(‘. it sets to a hard, amorphous, almost colourless 
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n,ass which is extremely hygroscopic {Found: Na = 7 - 16 , T-IS. 
CjHieOsiNSNa requires Na = 7’34 per cen .)■ 

1 ■ to express our thanks to Mr. LesUe Warren 

Jr*;:r .■» p— «■ 

work. 
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cm— Limits for ihe Propagation of Flame at 
Vains Tmperalm-^ in MM of Ammonia 
with Air and Oxygen. 

By Albert Gkeville White. 

Of recent years a fair amount of work has been carried out on the 

sr: . — :;srrLr j;,™ 

rr:::,?— 

„ i™. zr::*; 

bacK to me pur oxygen mixtures of ammonia 

Vtorilii. lo Lange I ' C..1 T.r and Ammani. Loadoa, UH. 

woheric air requiring constant heating. Henr> (A?in. 

25^ 4--'4) states^hat Lxtures of air and ammoiua are not explosne, 
U.; ha bTthe continuous action of electric sparks they are slow V 
burnt. ScLmberger and Pi otrow.sk i, on the o her ban 6a. 
bek^cht, 1914, 57, 941) found that nuxture.s of Go. P ^ ™ ^ 
26-8 ncr cent by volume of ammonia in air explode in xesseb 
rfor:bo- by them, in a Buii.e •-■'d.c t ere was no 
explosion, but gradual eoiubustion from about >■ P"' ^ ^ 

25 per cent. Ammonia-oxygen mixture.s are known to be expla , 
the limits for the propagation of flame being 
physAat. Chm., 1914, 88, 513) as below l.> per cent, and 
80 per cent, of ammonia by volume, 

Experimental. 

The ammonia used u’as procured from a large gas 
After use for some little time, three careful analyses 
contained 1-0 per cent, of moisture and 04 per cent, o 
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The moisture was estimated by prolonged agitation over sticks of 
godium hydroxide, the ammonia being afterwards absorbed in con- 
centrated sulphuric acid to estimate the residual gas. The presence 
of hydrogen could not l)e detected. 

Most of the determinations were carried out in glass tubes 5 cm. 
ill internal diameter, but similar tubes 7-5 cm. in diameter were 
also used at room temperature. All the tubes were 1-5 m. long 
from shoulder to shoulder and were provided with stopcocks of 
(I imii. bore at one end and a ground glass cap about 9 mrn. in 
diameter at the other. The cap w^as used instead of a sto[)cock to 
enable tbc tube to be pushed into the furnace readily. Limit 
trials were always made with both ends of the tube closed. The 
gas mixture was ignited by means of 1 to 2 mg. of guncotton yarn 
tired bv means of an induction coil spark produced at a removable 
glass-insulated brass wire electrode. The electrode was introduced 
just before firing, the joint being made air-tight with plasticine. 
Electrodes had to be renewed frcrtuently owing to corrosion of the 
inside brass wire by ammonia. Tubes were always carefully dried 
before use, usually by blowing air dried by calcium chloride through 
the tube, which had been wa.shed ^^■ith acetone. 

Above room temperature, determinations were carried out inside 
an electric furnace which could be rotated round a horizontal axis 
perpendicular to that of the furnace. The furnace was L4 m. long 
and was supplied w ith a heavy iron furnace-tube 7-o cm. in diameter, 
which projected slightly at the ends. The maximum temperature 
variation along the tube under the conditions cjbtaining during an 
experiment was less than 20", if we neglect (lie lo cm. at each end. 
The temperature of the gajs at the middle of the furnace was indicated 
by means of a line copper-con.stantaii thermocouple, which was 
removed immediately IxTore tiring. The couple was connected 
with a potentiometer ajiparatu.s wliieh indicated a change of tem- 
perature of l^ readily. Tlie glass thermocouple slieath provided an 
exit fur excess ammonia air at lower tenipi'i’atures, and as it was 
9t) cm. long and of 2 mm. internal diameter, it was impo.ssible for 
atmospheric air to ditfuso ba<'k into tlio mixture. 

The mixtures used were made uji by volume. The measuring 
vessels consi.sted of three elongated glass tubes 2tMh 27)0, and 
c.c. capacity, rc.sj)eetivc]y, to each of which a oO c.o. burette 
scaled. T1ie.so could bo calibrated l\y weighing full of water. 
The whole of each vessel was watcr-jacketed, tlio water being 
air-stirred. 

It was found absolutely nceessary to iioil all the mercury used at 
least every second day. If this were not dime, the moisture picked 
by the mercury absorbed ammonia. When this happened in 

3n* 
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the measuring vessel, as tlic latter was finally connected with an 
evacuated tube or bottle, more than the calculated amount of 
ammonia was used. The error from this source could become 
serious. Thus, in one preliminary experiment, a tube supposed to 
contain 19’0 per cent, of ammonia was found on analysis to contain 
19*6 per cent. Taking adequate precautions, however, the method 
gave accurate results. It was often tested by analysis, when the 
calculated and experimental figures generally agreed to less than 
0‘5 per cent, of the ammonia used. The gases were mixed by 
shaking with a few c.c. of small beads for twenty minutes. 

Tor lower limit determinations below 350°, and upper limit 
determinations below ^50°, the gas mixture required was made up 
in the limit tube. This tube was then inserted into the furnace, 
which was kept 20’ to 30° above the temperature required, and the 
mixture was fired as soon as it reached that temperature. The 
tube and its conterds were genei'ally seven to eight minutes in the 
furnace before firing. 

It was found that at 350 ' and 250’ for the lower and upper 
limits respectively, thi.s time was sullieient to affect the result 
obtained very appreciably, owing to preliminary oxidation of 
ammonia. A fresh method was accordingly adopted at and above 
the.se tempera ture.s. The tube uas kept in the furnace at the 
required temperature, wlnl.st tlu' mixture was made up in a loditre 
glass bottle. The tube uas tlien evacuated to a pressure of less 
than 2 mm. of mercury by means of a Caede box pump, and the 
necessary amount of mercury run into the bottle containing the 
ammonia-air mixture. By turning a 2-way cock the tube could be 
filled with ammonia-air from the buttle and was then ready for 
firing in about half a minute. Tlio amount of mercury introduced 
into the bottle always displaced more tlian siitficicnt mixture to fill 
the tube, the exces.s being allowcrl to escape past the firing cap. 
The differences between results oldained by the two methods seemed 
to depend on the direction of propagation, particularly for the 
upper limit. For this limit the results obtained at 4.50'’ for upward, 
horizontal, and downward propagation by the first methml wens 
31-2, 29*6, and 3M) ])er cent,, respeetively, those for the second 
method being .33-9, 33- 1, and 32 O ])er cent. 

Ammonia-oxygen. mixturc.s w(n’i’ made up in much the sarnc way 
as when air was used, exce{)t tlmt after evacuation with a Oaede 
pump the lubes were fir.st filled with oxygen from a cylinder. The 
only impurity present in this gas in a|)j)reciablo (juantity was 
nitrogen, of which it contained h‘ss than 1 per etmt, After iiartial 
evacuation, the ammonia was inlr(>duced in the usual way and tho 
tube filled to atmos])lieric j)re.,suj'o ^\■ilh (ixygem. At tlio upper 
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limit, the results were confirmed satisfactorily by measuring in the 
oxygen and making up to atmospheric pressure with ammonia. 

Throughout the work the accuracy aimed at was 1 per cent, on 
the ammonia present. The results represent the percentage of 
ammonia introduced into a given volume of the mixture, the 
ammonia being taken to be 98-6 per cent, of the volume of 
crude ammonia added. No attempt was made to correct for the 
slightly increased percentage of nitrogen in the “ atmosphere ” 
used. 

As test experiments showed that varying the moisture content of 
a tube from 04 to 2-5 per cent, did not appear to affect the limit 
obtained to the accuracy required, ordinary undried air was used 
for making up the mixtures. 

HefiuUs. 

The results obtained are shown in Table I, all being expressed a.s 
percentage by volume. 

Table T. 


iViouvig the. ranges throughout which ammonia-air and ammonia- 
oxgge n m ui u res p ropagate jiame at various te rnpe rat u res . 


Mixture. 

Tube. 

On. 

Temp. 

UpM nrcls. 

1 Forizontal. 

Downwards. 

Aininotiia air 

5 

IS^ 

UM -2(vG 

18-2—2.5-5 

None 



tiU 

— 

— - 

None 



7U 

— 

— 

22-1—23-3 



no 


— 

21-0—24-0 



140 

1.5 0— 28-7 

17-0-27-5 

19-9- 26-3 




14.0—30-4 

15-9—29-0 

17-8—28-2 



350 

13 0 32-2 

14-7—31-1 

10-0— 30-0 



4. 50 

12 3— 33-9 

13-5—33-1 

14 4—32 0 


7-5 

18 

17 1—20-4 

17-4— 20-3 

None 

.Ammonia oxygtni . 

.. 5 

IS 

15-3-79 

10-7-79 

18-1 79 


2.50 

— 

14-8— 

15-S-- 



4.50 

— 

12-G— 

13-5— 



18 

14-8— 

1.5-G— 

17-3— 


The iflamp, juirticularly in annnonia air mixtures, was often of a 
vivid yellow colour. (Ircat care had to be taken in determining 
the upper limit for mixtures with oxygen, as using slightly too 
little ammonia was apt to cause a violent explosinn. 

The limits with air determined in 7-5 cm. tubes are interesting, 
the ones for up^^•a^d being almost the same as tlu^se for horizontal 
prf»[iagation, 'Phe corre.spi>nding i)airs of limits as determined in a 
cm. tube diff(u* appreciably. Wo thus find that for upward 
propagation the limits are narrower for the wider tube tlian for tho 
othor, though the reverse holds for the limits for Iiorizontal pro- 
pagation. Tlio latter result is tho one to bo ex]H'ctefl, both on the 

3n*2 
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grounds of conTection effect and as the result of Trail cooling. The 
anomalous result obtained for upward propagation seems to be due 
to the instabibty of the flame in the wider tube, as in this case the 
flame in trials below the limit found appeared to he jerked out. 

The best idea of the results is probably to be obtained from 
Fig. 1, in which the limits obtained in 5 cm. tubes at various tem- 
peratures are indicated. This shows that no flame is propagated 
downwards in ammonia'air mixtures until the original temperature 

Fit!. 1. 


Showing the Uinitsfor the propagatiO)i of jlowc i». (uninonia iiw and ammonia^ 
ox'^fgen mixCures, 

Air limits shown by full, oxygen limits by doited, lines. 



of the mixture approaches 70'^. The optimum mixture for flame 
propagation downwards would appear to contain about 22-5 per 
cent, of ammonia. The mixture for perfect combustion contains 
just under 22 per cent. Up to 140^, the range for propagation 
downwards increase.s very rapidl 3 % but above tins point the upper 
limit increases at much the .same rate a.s for jiropagaiion in the 
other directions. This is not the case for the lower limit, whicli 
decreases a good deal more rapidly for downward propagation than 
for propagation upwards or horizontally. For the latter the lower 
limit seems to decrease by about 7 per cent, per i00“, whilst the 
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downward limit above 140° aeems to decrease by about 10 per 
cent, for the same rise in temperature. 

Owing to the large amount of inert matter in its molecule, 
ammonia could scarcely be expected to give limit results strictly 
comparable with those of ordinary combustible gases. This factor, 
entailing the presence of such a large amount of ammonia at the 
lower limit, presumably explains why the lower -bmit results for 
oxygen arc so definitelj" lower than those determined for mixtures 
containing air. Terres {J. Gasbeleucht, 1920, 63, 785, 805, 820, 
83G), using such substances as carbon monoxide, hydrogen, benzene, 
and methane, found the lower limit little affected by the substitution 
of oxygen for air. The variation of the lower limits in oxygen 
with temperature is very similar to that of the lower limits in air 
for upward and horizontal propagation. 

A ooniparison of the results for ammonia-air mixtures with those 
obtained for vapour -air mixtures (this vol., p. 1244) is interesting. 
In ammonia mixtures, once above the temperature at which pro- 
pagation downwards begins to fail, the limits for propagation 
upwards and downwards do not differ much, even for the upper 
limit. This behaviour differs from that of vapours at the upper 
limit, when the ratio of the tw(> values normally varies from 1*3 to 
1-7, As a result of this the upper and lower limits for ammonia at 
any one temperature are nearly symmetrically situated about the 
mixture for complete com bust ion for all directions of propagation. 
Tlie corresponding rule for vapours holds only for do\ynward pro- 
pagation. The accuracy with which the rule holds for ammonia 
may he gauged by an examination of Fig. 1, or from the fact that 
the sum of the limits for oaob of the eighteen pairs determined lies 
from 42-7 to 40-6, twice tlu‘ value of the mixture for perfect 
combustion being just under 44. 

An attempt to calculate the lower limit for liorizontal propagation 
in tlie ca.se of aininoiiia gives ir)*7 per cent., if we use a constant 
1120 and take its net caloritie value as 73-.‘>. Tlie value found for 
ammonia-air is 17 4 [mt cent, and tfiat for ammonia-oxygen 15-6 
percent. The other relationships found for \ apour limits are onl}^ 
true for ammonia in the neighbourhood of 500 \ 

Calculation shows that the theoretical temperature of combustion 
found for ammonia at the lower limit is a good deal higher than 
that of any of the vapours examined. The results of calculation 
for botli limits are shown in Tatde IF. specilic heats (at constant 
pre^:surc) extrapolated from those of Holborn and Henning (.!««. 

1905, [iv], 18. 739; 1007, [iv], 23, 809) being used for 
^htrogeu, carbon dioxide, and steam. The molecular values for 
oxygen and nitrogen arc assumed to be equal, and the values for 
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ammonia taken are those given by Lewis and Randall (J. Amer, 
CJiem. Soc., 1912, 34, 1128). No correction has been made for loss 
of heat. 

Table II. 


Showing the theoretical temperature, of combustion attai ned bp horizontal 
limit mixtures of ammonia in air and downumd Imit mixtures 
in oxygen. Tube 5 cm. in diameter. 



Lower limit in air. 

Low’cr limit in 

oxygen. 

Upper limit 

in air. 

Temp, of 
original 

% ammonia 


ammonia 


% ammonia 


in limit 

Flame 

in limit 

Flame 

in limit 

Flairift 

mixture. 

mixture. 

temp. 

mixture. 

temp. 

mixture. 

temp. 

20“ 

18-2 

lfi.30° 

181 

1620° 

2.5-5 

1760° 

loO 

16-0 

1020 



27-7 

1770 

250 

1.5-9 

1620 

LV8 

1610 

29-6 

1790 

3.50 

14'7 

Kilo 



3M 

1820 

450 

13-5 

1620 

13-5 

1620 

331 

1840 


Confining onr attention to the lower limits, it will be seen that to 
ensure propagation, the flame temperature has to be much the 
same, wliether the mixture is originally at 20*^ or 450°. This 
makes untenable the idea tliut the effective ignition temperature 
functioning during the propagation is that normally determined. 
An explanation covenng the facts is afforded if we consider the 
effective ignition temperature to approximate closely to that of the 
flame. It is just possible, of coui'se, that the e(juality of temperaiuie 
of flame found may be due to the compensating effect of differciit 
factors. Thus, the ignition temperature which functions micrht 
conceivably increase in the correct proportion as the mixture became 
more dilute. There is no evidence of any such phenomenon, 
however, and it is exceedingly unlikely that any such effect .should 
occur. Dixon and Crofts (i\, 1014, 105, 2036) found that the 
ignition temperatures of mixtures of hydrogen and oxygen decreased 
under similar conditions. Conchisions of a similar general nature 
can be drawn from the upper-limit results, although the agreement 
is not nearly so good, and the flame temperature differs cojisiderably 
from that fo\md for the lower limit. 

An examination of the effect of temperature on the limits for the 
propagation of flame in methane-air mixtures ha.s been made l)y 
\Vheeler and Mason (T., 1918, 113, 4-5). The theoretical tempera- 
tures of the flames in some of the limit mixtures determined by 
them are given below : 


Originnl temperature 2(F 200° 400° 000° 700° 

Lower limit O O .V05 4-00 3-35 3-2ri 


Calculated temperature of flame 1470° 1410° 1360° 1400° 1460° 

The flame temperatiires do not vary much, and it seems, as has 
been suggested by Taffanel and Ijo Floch {Compt, rend., 1913, 157, 
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505), that a certain definite intensity of reaction is necessary for 
propagation. The rule will prol>abIy be found to be fairly general. 
Kurlher experiments on these lines are now proceeding, 

I desire to express my thanks to Messrs. Nobel Industrie.s, Ltd., 
and particularly to Mr. Kinto\iI, Manager of the Research Hection, 
for facilities accorded for tlie c.arrying out of this work. 

The Nobel Labor.^tokies, 

Akdeek. [f:pceive>i, July ‘ird, 1922 ] 


CCTTI. — The. Acimi of Sod linn Alelhoxide and its 
Homolognes on Benzophenone (.'hloride and Benzyl- 
Idene dhlorldp. I^arl III. 

By John Kdwin Mackenzie. 

fx former publications by author and his collaborators (T., 
1S96, 69, 9S5; 1901, 79, 1:>U1; 1904, 85, 790; ('lough, T., 1900, 
89, 771 ; Ik, 101(1, 26, 170), llio production of a numljcr of ketals 
of tlie tvj)e (’Ph.,(()Me).> and of liydroxy-e[)inpound.s of tlie typo 
d(^sci’ibed. 44ie [)rcparation of diosoamyloxy- 
diphcnylmethane and of dihy(lro\y-m> and dihydroxy-p-tolyb 
diphenylmet banes has now Imhui carried out and forms the sul)jeet 
of tin' ])resent ])apcr. The reactions may be n^piesented thus : 

CPh/'t, L i' 

('Ph/‘L> I 2(',.HjMe-()ll {'IMr,((.’,HyMe-(")H).. ( 2NaCl. 

In \]w talilc given below, it is interesting t(} note the intluenoe 
of (lilfercnt groups and of different arrangements of the same gnuip 
on the melting aiid boiling ])r)inls nf tliese sul)stances. 'Plius the 
suhstitution of an ethoxy- for a nu tluixy-gonip produces a lowering 
of the melting j)oint which is of the same order as tl»at exhibited 
by the corresponding .sulistituted / inalie and d-tartaric acids : 


M. p. 

(1) ]K)/>C'Jfs-C'H(()Mi')(’OJf sir 

(2) llOi(’U’M,CH(OKt}('()7H 7U 

Ct) I.-,] 

(4) HO;c rHlOKt)A:Hd)Kt) {'0,ii 12U 


On the other hand, when a hydrogen atom in a benzene nucleus 
is replaced by a methyl grouj), the melting point is loweml, 
^nllbe seen on comparing the melting points of the corresponding 
diinethoxydiphenylmethano and di met boxy phenyl -p-tolylmethane 
of the corresponding dihvdroxytetraplienvimethane and 
diliydroxy-w- and < li hydroxy -p-toiyldiphenylmot ha lies. 
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The boiling point, as is usual, rises with the increase in the 
number of carbon atoms in the molecule. 

Name and formula. M. p. B. p. 

Dimethoxydiphenylmethane, (C6H6)2C(0-CIlj}2 ... lOf)® 288* 

Diethoxy diphenylmethane, ... 62* 294“ 

Dipropoxydiphenylmethane, (CgH 5 ) 2 C(O C',H ;)2 33“ 204“/40 mm. 

Di/soam)doxydiphenylmethane, Oil 190 — 200“/ 15 mm. 

DibenzoxydiphenylmethanedCeHsliCiO'i'H. CgHglj 104“ 306“/40 mm. 


Di-0'naphthoxvdiphcn5'lmethane, 

(C.H.lAOdhaH,), 13T“ - 

Dimethoxyphenyl-p-tolvlmethane, 

CgH.Me-CPhib CIL),' Oil I03“/15mm. 

18 r)°/ 2 (imm. 

312“/80 mm. 

Dihvdroxvtetraphcnvlmetliane, 

(CeH,);C(CJVOH), 28-^“ - 

Diliydroxy-mtolvldiphenylmethanp, 

(CeHsljCCCJI.MeOH}/ 234“ — 

Dibydroxy-p-tolvUlijihojivlmctlianc, 

(c.h.>;c(c.h;.mo-oii); i2ii“ - 

Di-a-hydroxyiiapbthvIHilihenvlinrlliam'. 

(C.Hs),C(Ci«HeOH), : 20fl° — 

Bcnzylidene dimetliyl ether, (.'gHr/('H(O rHc,)o ... — 194“ 

Benzylidene diethyl other. CgHs CHlOCollsji ••• — 222“ 

Dihydroxy triphenylmethane, CgHyCH^rgByOHla 100“ — 


E X P E R I :M E N T A E. 

Dmmmyloxydiplwnifhmthiinp. — 2-75 Crams of sodium were dis- 
solved in 5-4 grams of /.^oamyl alcohol (b, ]>. 130—130-5'^), heated 
in an oil bath at 170"’. To the enld, jelly-like solution were added 
14-3 grams of benzophenone chloride. \o reaction took place 
at room temperature, but on heating at 1 ! 10 " a vigorous action set 
in, and after heating at 170'' for eighteen hours tlie supernatant 
.solution was tieutral. The ethereal sohiticui of the product was 
separated from the sodium chloride, the other removed, and the 
re.sidnal licpiid di.stUled at 25 mm. pres.siirc, the fraction coming 
over between 220® and 225® weighing 15 grams, 'riiis colourless 
oil, even after redistillatioii at 100 200/15 mm., could not he 
obtained cry.stalline, a hard gla.ss l)cjng formed in liquid air. The 
oil had d 0-9Sl> and was readily miscible with (Jdoroform, ethyl 
acetate, light petroleum, or l)cnzene, l)\it only to a small extent 
with methyl or ethyl alcohol (I'ound : f ! r-rt 80-98, 80-87 ; H -- 9-52, 
9*42. C 23 H 32 O 2 requires C -- 81-17; H ~ 9-41 per cent.). 

This compound appears to he very stable in a dry atmosphere. 
In a vacuum desiccator over concentrated snlphuric acid, it lost 
7-4 per cent, in two hundred and one days, tlie theoretical lo.ss for 
the splitting off of t^oamyl etlier b(*ing 49-4 per cent. In this 
respect it differs very materially from the corresponding methoxy-, 
ethoxy-, and wobutoxy-dcrivatives, each of which dissociates into 
benzophenone and the corresponding ether. 
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In a prerious communication (T., 1904, 85, 791), mention was 
made of the production of benzhydrol in the above described 
preparation. Benzhydrol has also been isolated in an attempt to 
prepare dii<?opropoxydiphen 3 draethane, the product melting at 
66-67" (Found : C = 84-55 ; H = 6-95. Calc., C - 84-78 ; H = 
6-52 per cent.). 

Attempt to prepare DiAe^rt.-amyloxydiplienylrneikane. — 4-6 Grams 
of sodium were added to a mixture of 20 grams of /er/.-amy] alcohol 
and 50 grams of xjrlcne, the mixture being boiled until all the sodium 
liad dis.solved. On the addition of 24-1 gram,s of benzophenone 
chloride, the solid .sodium amyl oxide dis.solved, and after ten 
minutes vigorous ebullition took place. 9’he mixture was heated 
at the h. p. for twelve hours, and the liquid then showed a neutral 
reaction. After tlie addition of ether, removal of the precipitated 
sodium chloride, and of the ether, tlic residual brown liquid was 
heated at 60"/o0 mm. The re.siduc in the dislilling flask deposited 
a brownish 'Xxdlow solid on cooling. This \vas partly decolorised 
by boiling its .solution in benzene witli animal charcoal and sub- 
sequently washing the light brown crystals obtained from this 
solution with small quantities of acetone. From tlie product, a 
colourless distillate wa.s ol)tained at above 80(G/35 mm., which 
Holidilied after .some time. After crystallisation from a mixture of 
chloroform and alcohol, tlm cry.stals melted at 220 — 221° (Found : 

92-13; H -- O-lf). G.^H^o requires C -^ 93-97; H — 6-03 
per cent.). Repeated analyses ga\'e the percentage of hydrogen 
between 5-9o and 6-15, but the percentage of carbon was alwa^^s 
(loeidedly low— belween 91-.5 and 92-13. These results pointed to 
the product being tetraphcnvlethylcne, m. p. 22R (Biltz, Annalen^ 
1897, 296, 231). To confirm this sup])osition, [•(X)96 grams were 
dissolved in 30 o.c. of carbon ti-trin hloiide and brominated in 
sunlight bv the addition of a solution of bromine in thi.s solvent. 
Ihe colour did m)l disappear at once on tin* addition of the bromine 
^=ohition, indicating lliat 1h(‘ f)rominc derivative formed was a 
substitution, and not an .arlditivc, product. After removing the 
excess of bromine by a current of dry air and the solvent by 
exaporation, tlu^ I’cs id no weigh (‘d 2-fKilO grams, the theoretical 
weight for bc-ing I-97i grams. It was redis.solved in 

carbon tetrachloride and the colour removed by animal charcoal. 
Up crystals obtained from carbon tetrachloride and alcohol were 
rtervstallised from glacial acelic a(‘id and dried in a desiccator 
over solid eau.stic pota.sh. 'riiey then melted at 242—243° (Biltz, 
gives 248—249°) (Found : Br - 50-25 per cent.). The 
product is therefore undoubtedly tetra-p-bromotetraphenylethylene. 

^'^ynzoxydiphenplnathane . — To the description of this substance 
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previously given (T., 1896, 69, 993) may be added the observation 
that when kept at a temperature of 220° for some time it dis. 
sociates into benzophenone and dibenzyl ether, the latter vaporising 
and condensing as a colourless liquid. The former, when seeded 
with a crystal of benzophenone, became crystalline and after 
drying on a porous tile melted at 48 — 49°. 

Dikydroxi/ietraphew/hnelhane. — An experiment in which 18-8 
grams of phenol and 23-7 grams of benzophenone chloride were 
heated at 135 - ir>5° for twenty-five hours gave the theoretical 
loss in weight (7-3 gratr.s) and a nearly quantitative yield of 
dihydroxy tetraphenylmelhane (compare T., 1901, 79 , 1210). 

Dikydroxy- in - tolyld i phni y\ m cf /m e.— m -Cresol (2 mols . ) and benzo- 
phenone chloride (1 mol.) w(we mixed in a round-bottomed flask 
provided with a ground-in condenser tube terminated by a calcium 
chloride tube. Both these substances arc viscid liquids and they 
do not mix freely with eacli other, so that occasional stirring was 
resorted to in order to ineroa.se the .surface contact between them. 
Heating at 120° did not appear to liaston tlie evolution of hydrogen 
chloride, and even at tlie end of .six u'eeks, during which the mixture 
was heated daily at tlie above tcnipcraturc and under a pressure 
of 30 mm., gas was .still being e\()lved. The dark rod, gummy 
condensation jwoduct, which v’as very readily soluble in the ordinary 
organic solvents other than light ])('trolc(m), was dissolved in benzene 
and nearly decolorised by repeatedly boil i rig with fresh quantities 
of animal charcoal. After removing the benzene, the gummy 
residue was triturated vitli small quantities of light petroleum 
to remove the gum and then crystallised from Avarm light petroleum. 
The colourless crystals melted at 234° and AAere readily soluble 
in the ordinary organic soivent.s with the exception of light 
petroleum (Found : 0 84-94, 84-98; K - 6-47, C-.70. 

requires C ^ 85-22 : H - 6-36 per cent.}. 

Dihydroxy ’p4ohjld\phn\yJmfi}ianp.-~l(.'> 9 grams of p-cresol were 
added drop by drop 10 grains of benzophenone chloride. A 
vigorous reaction took place with evolution of copious fumes of 
hydrogen chloride. The mixture was shaken frequently, and after 
three days it had set to a black solid, from which the occluded 
hydrogen chloride Avas removed by evacuation in a de.siccator 
containing solid caustic potash. The solid was readily soluble in 
benzene, alcohol, or etlier, but Avith dithculty in light petroleum. 
By repeatedly digesting its solution in benzene Avith fresh quantities 
of animal charcoal and removing the benzene, a nearly colourless 
product composed of cry.stals embedded in resinous matter was 
obtained. This product, which became dark green on exposure 
to the air, was triturated Avith small quantities of light petroleum 
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and then crystallised from a mixture of this solvent with ether. 
The coloiirles.s crystals melted shaqdy at 126'^ (Found : C -- 8o‘45, 
^5.50; H -- 0-09, 6-58. C27H24O2 requires G 85'22; H ~ 6-36 
per cent.). 

The author desires to thank Mr. A. F. MaoCulloch, M.A., B.Sc., 
for assistance in carrying out the preparation of the dihydroxy- 
tolyldiphenyl in eth anes . 

Chemistry DErARTMEXT, * 

University of Kdinburgh. [Received, Jubj iith , 1922.] 


CCIV. — of Albjlidfnfcjjanoacflic Acids and 
of SuhstitiUed Succinic Acids, Pari L AcMs 
exmta miiKj A nmuiti c ll es idues. 

By Artuuu LAPWuin'ii and John Alexander McRae. 

Dukino the course of investigations on the addition of hydrogen 
cyanide to nnsatu rated compounds it was found liy one of 11s 
(P., 1904, 20, 24')) that liydrogen cyanide readily forms additive 
compounds with alkylideneeyanoacetic acids forming jiroducts of 
the type ll*GH{(!X)*GH(('X)-(J()^H, from which, on hydrolysis, 
alkylsuccinic acids eoultl he prepared. The reactions involved 
were the following : 

(r/} R-ciio j- (Mf2(GX)'ro2K -> l^r'^:G{(‘X)•GOdv ii/). 

(/>} R*CH:C(CX)-(M)JC : KGX IRC) — 

R*('H((’N)-r’K(GX)‘(HRK. -j- KOH. 

{(■) K-CIl(CX)*('H(rX)-G(),iv i 3HCI i- 4H..() 

Rd'HiGOdfjd’MydRH i (HR j ^Xlf^Cd i K(’l. 

The process did md ditfer in general principle from that employed 
by Bredt and Kallcn {Annnh n, iSlHi, 293, IFiO), who used (maloide) 
esters instead of the free acids, hut has a great advantage in economy, 
as ethyl inalonate is replaced hy the iiu'xpimsive jiota.ssium cyann- 
acetatc solution, which is Tnad(' as required hy mixing solutions of 
potassium chloroacetato an<l potassium cyanide under detinitc 
conditions (comjiare also this vol,. [i. 19 tf .'’( 7,), 

The authors now' find that the jiroce.ss gives cxiodlent results in 
certain instances, although it is not .so generally api>lienble as the 
'cry convenient process diso<ivcred bv Higsiinand thorpe (T., 1901), 
S9, 11,55). These workers start, how(wer, from the eostly ethyl 
cyanoacetate, the latter in the form of its sodium derivative being 
allowed to react ^yitfl (lie eyanoliv<lrins nf aldchvde.s and ketones in 
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alcoholic solution. The present authors are of opinion that the 
superiority of this process is probably to be traced to the fact that 
unLturated esters always react with cyandes much more readily 
than do the corresponding acids (compare this vo p. o ). 

The results of a more detailed examination which is in progress 
on the synthesis of .-substituted succinic acids are most readily 
dealt with in separate sections, and the present communication has 
reference solely to cases where aldehydes containing aromatic nude, 
or unsaturated aliphatic residues were the starting points. 

^A)-Prepamtlo„ and Properties of AU-yUdenenjanemcdic Acids. 

Benzaldehyde, piperonal, anisaldehyde and einnamaldehyde 
give good yidds oMhc corresponding alkyhdenccyanoacetic acids 
Ihcn brought m contact wath solutions of potassium (or sodium) 
cyauoacetate. The use of inire eyauoaceta te (btrebel, D.K-P. 
108355; Haarmaun and Reimer, iind., 1892o2; Tmmann, 

1898 31 seems quite unnecessary. Lapuorth (P., 1904, 

20 ‘^45) ’in his syntheses of substituted succinic acids, used crude 
poiaseium cyauoacetate made from eliloroacetie acid, and later, 
Clarke and Francis (Rcr., 1911, 44, 273) made the intermediate 

alkylidenecyanoacetic acids from potassium cyanoacetate prepared 
from the more expensiyc hromoacetic acid. When the crude 
evanoacetates arc used, howeyer, it is desirable to employ conditions 
such as are de.scribed in the experimental section, otherwise the 
products are liable to be contaminated with unchanged aldehyde 
and po.ssibly also other impurities, and the yields of purified com- 

pound are poor. , . , . „ i t i j 

(1) Preparation of y.-C}/a)w-^i-phf n}/Iacr}fhc Aculfrom Benzaklehyde 

and Crude Sodium c'nanoacelate.—ta) .4 concentrated neutral 
solution of mixed sodium and potassium cyanoacetate was made 
from monochloroacctie acid and potassium cyanide by the method 
described by Phelps and Tillotson (.l«e r. ,/. Sci.. 1908, [ivj, 26, 267). 

To sucli a solution, iiiade from 50 grams of monochloroacetic acid, 
and occupying {after neutralisation, if neces.sary) about 200 c.c., 
there are added 45 grams of freshly distilled benzaldeh\ de and -0 c.c. 
of 20 per cent, aqueou.s sodium hydroxide. On shaking, the reaction 
sets in rapidly, the temperature rise.s X() about 50^, and the contents 
of the flask become semi-solid. After an hour, hydrochloric acid is 
added in slight excess and the separated cs’anophenylacrylic acid, 
mixed with some sodium eldoride, is collected and washed uith 
winter, thoroughly dried in the air, and washed with a little cold 
benzene. (This washing with benzene is necessary, as for some 
reason which, in spite of many experiments on the subject, has not 
been satisfactorily accounted for, benzaldehydc is invariably presen 
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in the crude product and, unless eliminated, renders subsequent 
purification difficult and attended with a fall in yield.) The crude 
washed product, allowing for the content of sodium chloride, amounts 
to 80 — 90 per cent, of that theoretically possible and affords the 
pure acid without difficulty on recrystallisation from hot water, 
dilute alcohol, or hot benzene. The acid has the properties ascribed 
to it by Fiquet (Ann, Chim. Phy$., 1893, [vu], 29, 433). 

(6) The following process was suggested by Kiioevenagers 
observations on the application of amines in allied condensations, 
but is novel inasmuch as the catalyst is applied in aqueous solution. 

To the solution of crude sodium potassium cyanoacetate made as 
indicated above f hero are added enough hydroehloric acid to liberate 
about half the cyanoacetic acid present and then 18-6 grams of 
aniline hydrochloride, 2.5 c.c. of alcohol, and 48 grams of bcnzaldc- 
hvde, and the whole is shaken continuously ; condensation proceeds 
in the cold and after the lapse of fifteen to twenty minutes cyano- 
phenylacrylic acid begins to separate. Agitation must now be 
very vigorous for five minutes to prevent localisation of the benz- 
aldehvde, and then the whole may be set aside for half an hour. 
Kxcess of hydrochloric acid 'may now be added, the precipitated 
cyanophenylacrylic acid collected by filtration, washed, and purified 
as above. The yield of crude product of 90 — 95 per cent, purity is 
85—90 per cent, of tliat theoretically obtainable from the quantity 
of benzaldehyde used, 

(2) Pre paratiori of a - C ija no - -pi pe ro n jjlacryl ic Acid. — (a ) 
Piperonal (26’3 grams; 0-18 mol.) was added to sodium-potassium 
cyanide solution (150 c.c.) made from 25 grams (0-25 mol.) of mono- 
chloroacetic acid and containing 20 c.c. of 20 per cent, sodium 
hydroxide and 20 c.c. of alcohol. On shaking vigorously, the 
mixture quickly becomes senu-soli<l ov^ing to separation of sodium 
cyanopiperonvlacrylato. The mixture, on acidification, gave cyano- 
pipcronylacrylic acid, wliich uas collect etl, washed with water, and, 
after air>drying, ^^a.shcd with beiizi-iie to remove unchanged 
piperonal. After two reerystallisations from alcohol, the acid 
melted at 228' ; Beehert (■/. pr. ( 'hrm., 1894, [ii], 50, 19), who made 
it by hydroly sis of its ethyl ester, gives the melting point as 230^. 
The yield of crude acid, calculated on the weight of piperonal used, 
MS 95 per cent, of the theoretical (piaiitity, 

(6) To a solution of 300 c.c. of potassium sodium cyanoacetate 
made from ,50 grams (O-o mol.) of nuinoehloroacetic acid are added 
-0 c.c. of hydrochloric acid (d MG), lS-9 grams of aniline hvdro- 
ci^loride, 67 ‘5 grams (0'45 mol.) of piperonal, ami 50 c.c. of alcohol 
A yellow colour develops at once, sluiwing that action has begun, 
on warming at 35 — 10^ the solution begins to deposit cyauo- 
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piperonylacrylic acid. On shaking vigorously for five minutes the 
mixture presents the appearance of a semi-sohd, yellow, crystdhne 
mass. Excess of hydrochloric acid is added, and the precipitated 
cyanopiperonylacrylie acid is collected and purified as descnbod 
aLve. The yield of material, after washing inth benzene, is 
85-90 per cent, of the theoretical quantity calculated on the weight 
of piperonal used, and the product is pure enough for conversion 
into the hydrogen cyanide additive compound. * . , ^ , 

(3) PreLraL of a.Cyano.?.-anisil!acryhc .4c,d.-Amsaldehydo 
(d.2 grams- 0-20 mol.) was added to sodium-potassium cyano- 
acetate solution made from grams ( 0-20 mol.) of monochlore- 
acetic acid and containing 20 c.c. of 20 per cent, sodium hydroxide 
and 20 cc. of alcohol. On shaking, the mixture quicHy became 
semi-sohd. Cyanoani.sylacrylic acid i.s obtained by adding hydro- 
chloric acid in excess. The crude acid is collected and punfied as 
described for cyanopiperonylacrylie acid, 'ihe yield, calculated 
on the weight of anisaldehyde msed, is 80-bo F’’ th® 

theoretical. After two recrystallisations from alcoho , the acid 
melted at 220" and had the propcitic.s ascribed to it by Beohert 
(J. pr. Cfcm., 1894, [ill, 50, 11). 

. (4) Pmpamtkm of a-Cyam-'i-diiryhorylw -Icid.-lt is not 

advantageous in the preparation of this compound to use am me 
hydrochloride as a catalyst, as a very large proportion of neutral 
product is then formed. The syntheds is readily carried out, 
however by means of sodium liydroxide. much as described for 
cvanophenylacrylic acid. The product has tlie properties ascribed 
to it by Piquet (.Imi. Chim. Phjs., 1S0.3, [vi], 29, 433; compare 
also Rinkes, Btc. trav. dim., 1920, 39, 200). 


(B ), — Properties of ’j.-Cyano-'yarylacnjUc Acids. 

During the course of this work, a few reactions of tlic cyano- 
arvlacrylic acids have been noted ivliicli are, worthy of mention. 

When a-cyano-S-plicnvlaci-vHc acid is warmed with rcsorciiinl 
and concentrated snlpliuric acid at 1,50 200 ’ fur a few minutes, the 

iiiixturo then cooled, treated «ith oxecs.s of .so.lium hydroxide, and 
poured into water, a pronounced green fliiortsseeiico i.s observet, 
which, however, is not nearly so intense a.s wlieii pliciiylsuccimo acid 
is used. 

The cyano-grouj) of c\anophciiyl;KT'\'lic arid i.s very resisiani 
to hydrolysis by acids and remains unaift'ctcd wlicn the substance 
is dissolved in concentrated sulpiuiric acid or fuming hydrochloric 

acid. ■ 1 rr 

The additive com|H,iunds of the cyanoaryiacrylic acids are 

iiitcre.sting. TIio acids dissuho fairly freely in strong sodiu 
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hydrogen sulphite solution, and this must be due to addition 
at the ethylenic linking with formation of salts of the ty})e 
X'CH{S 03 Na)‘CH(CN)‘C 02 Na, for, at the concentrations used, 
the free alkylidenecyanoacetic acids and their sodium salts are 
only partly dissolved by water. Unlike most of the hydrogen 
sulphite additive products obtained by Knoevenagel and Lange 
(5er., 1904, 37, 4059, 4069) from aliphatic alkylidenemalonic esters, 
these compounds are capable of reconversion into their constituents ; 
for example, if the solution of cyanophenylacrylic acid in sodium 
hydrogen sulphite solution is made alkaline with excess of sodium 
hydroxide, the sodium salt of cyanophenylacrylic acid is preci- 
pitated; again, if that solution is rendered only slightly alkaline 
so that no sodium salt is precipitated, addition of hydrochloric 
acid then results in the deposition of cyanophenyiaer34ic acid. 
Owing to such properties of these additive compounds it is possible 
to prepare cyanophenylacrylic acid in satisfactor}" yield by bringing 
together bcnzaldehyde sodium hydrogen sulphite, and sodium 
evaaoacetate in presence of sufficient alkali to decompose tlie former 
compound. 

As cyanopipcronylacrylic acid is yellow and its sodium salt 
colourless and sparingly soluble, ^\•hilst their additive products 
with sodium hydrogtm sulphite are usually much more soluble, the 
conditions under which additive compounds arc foi-ined ajid dis- 
sociated respectivel}^ arc very readily traced ; this acid reacts 
less rapidly both with bisulphite and v ith potassium (“vanide than 
does eyanophen^dacrylic acid, Imt much more rapidly than does 
cvanost}Tylacrylic acid. The possibilities of e.xeliange of the 
elements of sodium hydrogen sulphite for tliose of livdrogen cyanide 
have not yet been fully explored. 

Cvatiophcnylacrylic acid appears to form vciy readily an additive 
compound, probably rgHr,‘(Tl(XIL)’CiI(CN)T’()df, vith ammonia, 
ari it dissolves very freely in aqueous ammonia and is not reprcci- 
pitated on addition of excess of iniiuMal acid. If, on lliii other 
hand, this ammoniaeal solutum is made strongly alkaline with 
e.vocss of sodium hydroxide, sodium eyanopbenylaervlate s('parates 
ill the solid form and tlien, for the tirst tinny tlie sul).-).'(juent addition 
of mineral acid preei])itates eyanopheiiylaervlie acid, ^^imilar 
reactions are notml with eyanoi>iperon\]aerylie acid, 

of (hr Khiiif /ils of HiflnMjin ('i/aniA*' (o Alki/lidau:’ 
cfjanodcrtic Acids cofiluiniioj Aroitfofic AT/r/ro 

^his addition 1ak(vs place in presence (4 a considerable excess 
of potassium cyanide, and in agreenu'iit wifli the kinetic mea.>uro- 
made l)y W. J. Jones (T\, IDI J, 105, 1547), it was found that 
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than does that from ^ salt, of the acid; 

more troublesome y P especially if the ammonium 

under suitable condrtjons ho..^^^^^^ ^ 

.alt of the unsaturated o^. ^ 

products are obtau . this was quite in accordance 

STtw adStpacity ^f ^hyl^cmnamylidenemalonatc 

‘"¥?;rope“^^^^ wddeh ’represent the init.i 

pJL”: 0 ? this process are not 

fX^l'i^t id'artw m. eo.npletc hydrolysis of these products 

-i;iSs7rLd.nr^mh — 

"tlrlre will also be found desenpHons of the vanous 

JdPrtTJuol of mnyUinic Aad-(a) Finely powdered 
* 1 -Ur. flpiH il7-3 <^rams), suspended in 160 c.c. oi 

XrTof dissolved by the very gradual addition of 10 per 

“nt sodium hvdroxide solution. The ae.d goes into solution 
lowly but it is not advisable to attempt to hasten the process y 
warnfing on account of the sensitiveness of the acid to hot a kali. 
Ms neutral solution of sodium phenylacrylate there is added a 

b , . 1...* 7 

(60 c.c.) with acetic acid (104 grams) m water (- . .). P 

Uate of sodium (or potassium) cyanophenylacrylate usually 
itrs at first, but ultimately dissolves and after twentyfour 

hours the reaction is complete. , 

The conversion of the additive product into phenylsuccmic ac 
may be effected in a variety of ways, of whieh the following g 

“ hduln ^ as above is treated with hydrochloric a^d 

until it is nearly but not quite acid towards Congo-red and t 

resulting turbidity is removed by repeated hltration. d '® , 

liquid is now mixed with a large excess of hydrochloric aci , 
rapid current of air is then passed through it. An oil i ^ 

appearance, but this soon begins to depo.sit crystals and ultimat^ 
BoUdifies. After about forty-eight hours’ contumous aspirai , 
no further deposition takes place, and the material may be co cc , 

in quantity, it approaches 8o per cent, of that theoretica ^ , 

Agitation of the solution by means of a mechanical stirr 
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not lead to the same satisfactory results as were obtained by the 
aspiration proces.s described. 

Tiie crude crystalline product * Is covered with ten times its 
weight of hydroeliloric acid saturated at O'". The whole is placed 
in the ice-chest over-night, then warmed gently on the sand-bath 
until the greater part of the excess dissolved gas is expelled, and 
finally heated more vigorously until the evolution of carbon dioxide 
ceases and the licpiid boils with bumping. 1'he solution is then 
diluted to about 250 c.c., boiled for a sliort time with the addition 
of animal charcoal, and filtered ; on cooling, pure phenylsuccinic 
acid crystallises out and a small furtlier quantity is obtained by 
evaporating the mother-liquor to half its volume. The yield is 
almost quantitative. The over-all yield calculated from tlie weight 
of benzaldehyde used is ab<5ut 65—70 per cent, of the theoretical. 
The identity of the acid was establislied, after a second reciy'stallis- 
ation by its melting point (167^) and by titration with ^N'/lO-sodium 
hydroxide (Found : eqiiiv. — 97. A dibasic acid, ^10^ 10^4 > 
requires equiv, = 97).t 

* This product appears to be a mixture of two or more compounds which 
have not been separated owing to the difiiculty experienced in finding a suit- 
able .solvent for rccrystallisation. It dissolved readily in hot water, acetic 
acid, and in hot methyl alcohol, but did not separate from the resulting 
solutions until most of the solvent had evaporated. It was nearly insoluble 
in petroleum or benzene. 

A sample prepared by extracting the crude crystalline material with hot 
ainyl alcohol presented under the microscope the appearance of a homo- 
geneous material consisting of prismatic needles and it melted and decom- 
posed sharply at ISfV (Found ; C — 601; H — 4 G; X ~ UA per cent. 
Equivalent — 218). These numbers indicate conversion of one -CX group 
in the dicyano-acid which is the first adilitive product into CO XH,, and the 
snbstiinee is probably mainly tlic acid, OHPh(CO'XHo)'CH(CX)C 02 H 
(Calc., C t(Ot); fl 4-(!: X 12 0 |)er cent. Kqiii\alent 218), but 
ptThaps, judging by the hisrh mmdxT for nitrogen, contaminated with some 
ot the unaltered dieyano acid, ('HPh(rX)-OH((’X) COjI. The eoinpouud 
readily lost carbon dioxide wlun lu'uted at its melting point, ami its solution 
in aqueous sodium bieiirhoniite deeohu-isetl jiermanganate almost instan- 
taneously. The latter projxu'ty is a somewhat .singular one in a saturated 
ami, hut is not infreijnent- in monosnbstituted ( yanoaeetle aeids; and it is 
for tliLs rea.son that the con.stitutioii alxive suggested is preferred to the 
alternative one. 

I Xo otlier method of hydrolysis tried was found f<o satisfactory a,s the 
above somewhat complicated one. On hydrolysis of the original additive 
product with sodium hydroxide, the last, traces of ammonia were driNcn off only 
on prolonged boiling; in this <-ase the proiluot i.s a mixture of phenylsuccinic 
add and a-carboxy-ja-phenylsuecinic acid, and to obtain a homogeneous 
product it was fouml necessary to heal it to 1S0\ at whicli temperature carbon 
(lioxido is readily lo.st by the carboxy-deiivative (.Vlexunder, .Inmrhn. 1890, 
C,), 'Phe calcium salts of tliesu two acids are too soluble to bo of luucli 
in isolating the acids.’ 
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Preparation of Phenylsuccinic acid direcily from Benzaldehyde, 
Sodium Cyanoacetaie, and Potassium Experiments showed 

that the conditions requisite for good yields of phenyl succinic acid 
are the maintenance of a rcry slight alkalinity during the addition 
of hydrogen cyanide, low concentrations, and a small excess of 
potassium cyanide, and the following direct process is based on 
these observations. 

Benzaldehyde (10*6 grains I mol) was condensed with the 
sodium cyanoacetate made from 10 grams of monochloroacetic acid 
(volume = 280 c.c.) by the addition of 3 c.c. of 20 per cent, sodium 
hydroxide solution. At this dilution the sodiniu cyanophenyl 
acrylate remained in solution. The solution was extracted with 
ether to remove any unchanged heiizaldehyde (0*6 gram), and then 
after neutrali.sing the alkali, 0*8 grams (1-4 mols.) of potassium 
cyanide dissolved in 40 c.c. of water, and 10*3 grams (I mol) of 
phenol were added. A small amount of sodium cyanophenyl aery late 
separated, but this redissoivcd after a short lime. After standing 
for twenty-four hours, the solution Avas made just acid to litmus 
with hydrochloric acid, and the phenol extracted with ether. The 
solution was then made barely acid to Congo-red, and the turbidity 
produced removed liy nitering after addition of animal charcoal 
and shaking. On a(-i(lifying strongly, an oil was jirccipitatcd which 
was hydrolysed by means of fuming hydrochloric acid to phenyl- 
succinic acid. A further quantity of tliis acid was oldained liy 
evaporating the mother-liquor to ilryness, hydrolysing witli fuming 
liydmehlorio aeid, again evaporating to dryness, and extracting 
the residue witli acetr)ne, 'Fho total widglit of phenvisuccinic acid 
obtained was IIG grams, a yield of (>9 per cent, calenlatcd ou the 
net weight of bcnzaldeliyde used* 

Time has not permitted of tlm wm-king nut of a .sati.sfaetory 
process on similar lines for the more' dillicult operation of prejiaring 
piperonylsuceinic acid directly from i-ipcroiial. 

On shaking togetiicr bcir/.aldchydc and sodium cyanoacctatc with 
a little sodium hydroxide until tlic reaction as ju’cviously described 
took place, ne\itralising the alkali, anti adding potassium cyanide 
solution containing some free hydrogen evanido, the resulting 
product, under certain conditions, was a tarry oil from which no 
phenylsuccinie acid could be obtainetl In one exjjerimeJit there 
was isolated from the oily reaction product, oldaincd liy the acidili- 

* Phenol was u>)i‘(.l in llii.s niid otlicr f'xpi'riinruts us u micums of ornitrollijig 
the alkalinity of tiic solution; tiiili!.:c tuf.n,' powerful aoids, it has little 
temlenoyto oxjio] hydrogen fynni<lo from its snlts, hut (‘on verts free putassimn 
hydroxide into the slightly alkalmo potivisinm plieiioxidc. It- is therefore a 
convenient “ hufier '' cunij^ound for tlh.^ und many oIIhw Itydrogen cyanide 
additive processes. 
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cation of the foregoing mixture, a crystalline acid, forming prisms 
melting and decomposing at 157° (Found : C = 72-3; H = 5-5; 
^ == 124; equiv. ~ 331. CgoHj^OgNg requires C = 72-2 ; H =54 ; 

= 12-7 per cent. ; equir. = 331). An examination of this formula 
leads to the opinion that the substance has been formed from the 
interaction of two molecules of benzaldehyde, two of cyanoacetic 
acid, and one of hydrogen cyanide mth loss of one molecule of 


carbon dioxide. 

The substance is readily soluble in etliyl or methyl alcohol, 
moderately soluble in acetone, and sparingly sohible in ether, 
benzene, or light petroleum. On ])oiling with sodium hydroxide, 
ammonia is quickly evolved, i)ut the products of liyrl roly sis have 
not becFi clo.sely examined. 

(2) Addition of Ihfdroqen Cifanidc, to <xX'iiano-^.-pi])pronyhcriflk 
Add. Preparation of Piperoni/hucciiiic Acid, 



r4T(COJl)‘CHo-CO,H. 


Tlic addition rd hydrogmi cyaiiido to cyanopii>oronylacrvlic acid 
takes place, a.s Jones showed, with one-eighth the speed of the 
reaction when eyano])]ienvlacrv1i(! acid is used at tlic same dilution. 
Further, on account of the ndatively small solubility of sodium 
evanoi>ipenmylacry]ale, it is better to work with dilute solutions. 
()n the other hand, as the acid or its sodium salt is not very sensitive 
to small cameentrations of alkali. th<‘ solution in this ease may lie 
wanned very gently to a<‘(a‘h'rat(‘ tlie add i lino. 'Fho isolation of 
the additive prodnet. was a sinijih* matlrr, hul as its ]iy<lr(»lysis with 
fiiiuiiig hvdrochlorie aeid led to eai'bniiis.atinn, doubtless due to 
the sensitive methyleMedio^y-group. t!ie altrniati\e. slower alkaline 
liydi'oly.sis, had to be used. 

' {(() a-Cvano-r^])iperonvla(‘rylie aeid (21-7 grams), .suspended in 
TOOc.c. of water (temperature dtt ). was disstdveil by tlu‘ addition, 
ill small quantities, of a A -sodium hyili'oxido. avniding much <*\(’ess 
of alkali at any time, With this solution there was mixed a solution 
made hy di.s, si living U)o grams (I -a mnl.) nf jiotassium eyanide in 
fUc.e. of water and adding to it 2tt grams (M mol.) of glacial acetic 
addin 10 c.c, of water. A luxavv precipitate of sodium (or jiolassium) 
CT;uiopiporonvla(‘ryIate was thrown doiMi, whiidi ]‘(‘(lissohed very 
dowly, its rate of solution being a rougli measure of the speed of 
the liydrogim cyanide addition. The mixture, in a stoppered 
was ktqit at about Tb for about eigiit days until all tiie 
I'l'ccipitatcd salt had redissolved. 1 he solution was made almost 
^d(l to Congo-red, and the tarry deposit separated. .After ad<ling 
excess of hydroclilorie aeid, a turbidity was prodtieed, which 
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on aspirating collected as a heavy oil. Continued aspiration caused 
this oil to become semi -solid, but did not bring about any further 
precipitation. The main portion of the additive product was 
obtained by evaporation on the uater-bath until crystallisation 
began. As the product showed a marked tendency to form super, 
saturated solutions from which it was not easy to prepare the pure 
crystalline material, it was hydrolysed directly to piperonylsuccinic 
acid. The yield of crude product was about 75 per cent, of the 
theoretical.* 

(b) The additive product just described was dissolved in 20 per 
cent, sodium hydroxide and boiled until evolution, of ammonia 
ceased. This proved to be a rather lengtliy proceeding. The 
solution w^as tlien acidified and boiled for some time with animal 
charcoal. From tliis solution, after filtering liot, a mixture of 
piperonylsuccinic acid and its carboxy-derivative crystallised on 
cooling, a further portion he'mg secured by extraction of the mother- 
liq^uor with ether. The mixture was concerted into piperonyl* 
succinic acid by heating in an oil- bath at 210 220 until evolution 
of carbon dioxide ceased. The product was dissolved in sodium 
hydroxide solution, precipitated by means of hydrochloric acid, 
redissolved by boiling uith water, and again heated animal 
charcoal. From this hot solution, after filtration, piperonylsuccinic 
acid separated, on cooling, in fine needles. After several recrystallis- 
ations from hot water, it melted constantly at 21 T. The yield 
was 80—85 per cent, of the theoretical amount (Found : C = 55-4 ; 
H = 4-1 ; eqiiiv. ==118. CnHjoOg requires C =: 55-4; H = 4-2 
per cent.; equiv. = 119). 

Piperonybuccink acid is readily soluble in methyl alcohol, ethyl 
alcohol, acetone, or acetic acid. It is soluble with difticiilty in 
benzene, more readily soluble in hot benzene, and is almo.st insoluble 
in light petroleum. From a moderately strong solution of the sodium 
salt the calcium salt is precipitated on boiling after the addition of 
calcium chloride. The acid, wluui boiled with concentrated hydro- 
chloric acid, doe.s not exliibit tlie tendency to carbonise wliich is 
characteri.stic of the hydrogen cyanidt* additi\'C product from 
which it is made, but with concentrated .sulpiiuric acid it instantly 
darkens, .showing tliat tlie metliyletiedioxy-grouj) is attacked. 

(3) Attempled Addition, of ilijdrotp'n Cyanide lo i-Cyano-ij^-styryl 
acrylic Acid. — Thiele and Meisenheimer {AnnaJen, 1899, 306, 247) 
obtained by the action of potassium cyanide on ethyl cinnamyl- 

* It haa recently been found that if the amtnotiium salt of the unsatnrated 
acid is used in the first instance, more eoneent rated solutions may be made, 
addition of hydrogen cyanide is accelerated, and the j'ield of piperonylsuccinic 
acid improved. 
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idenemalonate, CHPh.CH*CH.‘C{C 02 Et) 2 , a product from the 
hydrolysis of which they isolated only styrylsuccinic acid and that 
to the extent of only 13 per cent. ; addition had taken place in the 
1 : 2* and apparently not at all in the expected 1 : 4 -positions. 
Hinrichsen [Annalm, 1904, 336, 323) endeavoured, without 
favourable result, to bring about the addition of hydrogen cyanide, 
and of other substances which enter into additive reactions with 
substances containing ethylcnic linkings, to cyanostyrylacrylic acid, 
its ethyl ester, and ci nnamy li denem a lo nonit rile respectively; no 
details of the experiments were given, but it was stated that a 
variety of conditions were employed. It is thus evident that a 
substance containing conjugated double linkings, with one of the 
double linkings in tljc -position, reacts with hydrogen cyanide, if 
at all, very much more slowly than does a substance with the a[i- 
doiibie linking only. In view of the results of Thiele and 
Meisenheirner, and of tlie fact that the free acids are ahvays less 
reactive ‘than their esters, it is not surprising that the present 
authors were unsuccessful in bringing about the union of hydrogen 
cyanide and cyanostyrylacrylic acid. 

In concluding this section, it may be mentioned that a number of 
experiments were made in the hope of effecting addition of the 
elements of hydrogen cyanide to citronellylidenccyanoacetic acid. 
It was clear, however, that not only does the condensation of 
citroncllal with sodium cyanoacetate give a very mixed product 
and poor yields the required iinsaturated acid (compare Tiemaiin, 
Ber., 1809, 32, 824), but that tfie conversion of the latter is attended 
irith unusual difficulties. 

An Improved Process for Preparing B-Vipkenylsuccinic Acid. 

The steps involved in the process used are the following : 

(a) C,H,‘CHO 4- ^ L\H,-CH:C{CXyCfi,. 

( b ) c,h,.ch;c(CX)*CsH- f hcx 

CVI,<'H(CX)-CH(CN)*C,H,. 

(c) C6H5-CH(CN)'CH(CX)-C,H5 + 2 H 2 O 

CeH--CH(CO*XH2)*CH(CO-XH2}-CgH.. 

{d) C6H5'CH(CO'XH2)-CH(CO-XH2)d’6H^ i- 2H,0 — 

CVi,*C[l(CUJi)-CH(C02H]-C,H,. 

^•oone of these is new in principle, Imt the processes {h}, (c), and (d) 
have now been eitlier simpliffed in teehnique or improved as to 
rield. 

'Step (a), the condensation of benaaldchydc with benzyl cyanide, 
has already been elaborated by Waltlier (7. pr, Vhun.l ISOff, [iij, 
^3, 454) to afford practically quantitative f ields. 
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Step (i), the conversion of a-phonylcinnamonitrile into s-diphenyl. 
succinonitrilo, is essentially tliat first used by one of us (1., 9011, 
83, 99')), but has been modilied as follows. , , . „ „ 

o=.Pl,cnylcinnamoiiitrile (20o grams) is dissolvotl in 600 o.c. of 
90 iier cent, ethyl alcohol by wanning at 40— oO . A solution of 
27-4 grams (2-5 mols.) of potassium cyanide in 80 c.c of water i, 
then added and the tomperature of the whole maintained at 40 ,50h 
Crystals of the .sparingly soluble diplioiiytsiiccinoiiitrilo begin to 
separate slowly in the course of thirty iiiiiuites. At the end of an 
hour a .solution of 12 grain-s of acetic acid in .'.O c.c. of water is intro, 
diiced gradually at the bottom of the solution by means of a thistle- 
funnel drawn mit to a small aperture. The mixture is then kept 
at room temperature for twenty-four hours, ihc crystal hue 
diphcnylsiicciiiouitrile is separated, pressed thoroughly, and washed 
twice with small qnanlitics of otlier to remove any unchanged 
a-phenvlcinnamonitrile. The wcigld obtained is il-.i grams (87 pet 
cent of the calculated). (A further small quantity can bo obtained 
by diluting the motlier-liiiuor, but the material thus obtained is 
much more impure.) The diphenilsuceiiionitrilo obtained in this 
way is pure enough for eonversion into tho eorrespondiug acid, 
A portion, recrystalliscd from hot acetic acid, had a melting-point 
of 225“ and therefore was the mixture of the stereoisomoric and 
p-fnnns as noted by Chalaimy and Knocveiiagcl (Bcr., 1892, 25, 
1892) and by Lapuortli (loc. cit.]. Clialaiiay and Knoevenagcl 
have shown that in the hydrolysis of this mixture with hydrochloric 
acid, only mcsodipheiivlsuccinic acid is produced. Instead of using 
acetic acid to reduce the alkalinity of the solution, phenol dissolved 
in alcohol may be u.sed equally well, but not, apparently, hydro- 
chloric acid. 

Step (c).— The hydrolyjfis of -:f-diphcnyl.succinonitrile to s-diphenyl- 
succindiamide can be effected \\ith excellent results as follo\^.^. 
[The direct conver.sion of the nitrile into the acid by the use of con- 
ceiitratod hydrochloric acid in sealed tubes at 200“, recommended 
by Reimer {Bcr., 1881, 14, 1802) and since aiiplicd by numerous 
workers, is not convenient for large rjuantities.J 

Hydrolysis of a-Diphrnylsurcinauilrilc to sHJiphou/hucdndiamkh'. 
— Diphenylsuocinoiiitnlc is dis.solve(l in lifteen to twenty tinic-s its 
weight of 90 j)er cent, sulphuric acid hy w artning on the water- 
bath and the solution, after standing a few hours, is diluted slowly 
with water until no further jjivcipitate is produced, the volume 
necessary being about ii\'e-fourths that of the sulphuric acid taken. 
The precipitate produced is of a line, crystalline character, but if 
the sulphuric acid solution is poured into water or if much more 
water is added than seems to he necessary for complete precipitation, 
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a sliiay precipitate separates which can be liltored only with much 
difficulty. The precipitated amide is collected, washed witli water, 
and then with dilute sodium carbonate solution to remove any 
diphenylsuccinic acid, and finally with water. The yield is about 
83 per cent, of the calculated, the remaining 15 per cent, representing 
presumably the amount hydrolysed to the acid.* 

Step (d). Iho conversion of ^-diplieLiylsuccindiamido into 
^.diphenylsuccinic acid is most readily carried out by a method 
which in principle was lirst used by Claus [Atuiaku, 1801, 266, 
283), namely, by heating with 50 — 70 i)er cent, sulphuric acid; it 
is important tliat the latter concentration should not be exceeded, 
otherwise tlie acid is partly converted into diphcnc.succindono 
(Reimer, Bcr., 1881, 14, 1802; Rosen, Amiakn, 1888, 247, 152). 

A clear solution is made by warming diphonylsucciiKliamide on 
the steam-bath wdth fifteen to twenty times its weight of 90 per cent, 
sulphuric acid. (It is simple to obtain tliis solution directly from 
tlie nitrile ; iii this case dipiienylsuccinonitrilo is Jiieiely dissolved in 
tiftern to twenty times its weight of 90 per cent, suljjluiric acid and 
kept for twelve hours.) Tlie whole is cooled and water cautiously 
added initil the precipitate just ooa.scs to bo i'odissulved on shaking 
even when the temperature is raised to that of the steam-bath 
The whole is now heated at 120-125^ Tlie solution, initially 
clear, begins to deposit diphenylsuccinic acid after a short time, 
and after about fi\ o liours hydrolysis is complete ; but the oym'diml 
should be prolonged until a te.st portion forms a clear solution in 
excc.s.s of dilute alkali, wlien tlie w liole may be cooled and diluted 
slowly until no further precipiUtion takes place. The iireeipitato 
is collected, dissolved in dilute alkali, and the solution liltercd and 
acklilied. The yield of acid tlius obtained is nearly (piantitative 
Rccrystallisatioii of this acid is not easy owing to its .sparing 
iulubility in most solvents, but ethyl or amyl alcohol may be u.sed 
for this purpose. The crude acid may simply be boiled xvith acetic 


the diphcnytsiUTiadiarnide wa^ rnry.taili.MHl several tunes from liot 
ITlarwl acrtie aeul, m ^vliwh it is not very uvrW .solohle. Tiukr tiie mimu- 
jU'pc' .t IS apparently a single suhstamv. only on.- of t)ie .<t erem.somcrides 
Pciii? iiresent. It is reasonable to eoneiude that it i.> tl,e nn-so-form whieli 
s,n<-e by (li. by.lrolysis of flie mixture of and d-. or r- and inovo- 
~ I'b-inlsuermonit riles by means of hydroeldcn !.■ m id on!v or /m-.vo.diijlK'nvl- 

'u'T 

.• ,m.l 3-d,|.l,rnyl,.mx.,„o,ulnl..,. .I.,, i.,1 a.-i,!, ai.|.„,v.iilv Ilia 

-nn rlumg-'s mto the 0-lorm (Kouml : X pi \ . j,, j'- 

(.(IJK J . v.i.k,, ..1 ... 4,) ji( J 


« y,™ at id.,, an, I ...alt at Illy, I, „ ,.,sai»l.|,. i„ |i„|, 

in *‘oI<l aectiu acid, and niure so in Itut aeetie acid. 
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acid, which rerooves traces of coloured materials always present, 
and the substance is then pure enough for most purposes. A sample 
of the acid recrystalhsed from hot ethyl alcohol melted at 229°, 
showing that it was the wcso-variety, and the identity of the acid 
was confirmed by titration.* 

meso-Diphenylsuccinic anhydride (Tillmanns, Annalen, 1890, 
258 , 87 ; Anschutz and Bendix, ibid,, 1890, 259 , 6 ; Wren and Still, 
T., 1915, 107, 1449), heated at 150—175° with resorcinol and 
powdered zinc’ chloride, reacts to give a melt which dissolves in 
dilute sodium hydroxide, giving an orange-red solution with intense 
green fluorescence. When wt-dicthylaminophenol is used in place 
of resorcinol, a substance of the rhodamino type is produced, as 
shown when the melt is treated witli alcohol, a red solution with 
brown fluorescence being obtained, but secondary decompositions 
seem to occur very readily^ possibly^ due to the formation of 
diphenesuccindoiie deri vati v cs. 

B-Diphenylsucdnimuk, ammonium 

salt of diphcnylsucciiiic acid was heated under reduced pressure, 
when crude diphenylsuccinirnide passed ove ' at 170— 230° /1 3 mm. 
and was recrystallised several times from hot benzene. It crystallises 
in minute needles which soften at 194° and melt at 198 (hound: 
N = 5-6. CieHi 302 N requires N - 5-b per cent.). 

The substance is readily' soluble in alcohol, ether, acetic acid, 
or acetone, sparingly soluble in cold benzene, more soluble in hot, 
and very* slightly' soluble in ligiit petroleum. 

The authors’ thanks arc due to the Canadian Honorary Advisory 
Council for Scientific and Industrial Research for the grant of a 
fellowship to one of us (J. A, 1^1.) which enabled him to take part in 
this work. 

OnGAKic Chemical L.aboratories, 

The U^:lVERs^i•y, MA^X 1 IE 5 IER. [Ihceiied, Juh/ 1922.] 

* Other methods of convcroioii of the diamide into the acid were tried, 
such as those depending on treatment in strong sulphuric acid solution with 
sodium nitrite (Bouvcault, Bull, 6'oc. chim., 1892, [iiij, 9 , 3t)8; Sudborough. 
T., 189o, 87, 601), or, better, wit h a stream of methyl nitrite. I he results 
were not unpromising, but as muoli inconvciiiericc arose from frothing of dio 
solutions on dilution and as tlie same result was more simply achieved 
above, these methods were not fully worked out. 
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{^£\\--iii-Oximino-ethers. Pari IL 1^-Aryl Ethers of 
2 : 4 - and 2 : 6-Dinilrobenzaldoxmes, 

By Fred Bakkow, Evan Dalton Gjukfiths, and 
EnwAKD Bloom. 

Ik Part I of this investigation (Barrow and Gridiths, T., 1021, 119, 
it has been shown that j?-nitrobcnzyl olihn'ide readily coiidcasos 
vvitii iiitrosobenzene and its derivatives, in the pivsctiee of alcoholic 
potassium hydroxide, yielding iV-aryl ethers of p-nitrobenzald- 
oximo. Tlio investigation has been extended ])y the autfiors to 
other nitro-substituted benzyl haloids, and, in the i)resent com- 
niunieation, the behaviour of 2 : 4- and 2 : 6-tliiiitrobonzyl chlorides 
is described. 

The condensation of aromatic ii it rost>-com pounds witli 2:4- 
diniti’obenzyl chloride, under the influence of alcoholic potassium 
livdroxide, proceeds even more readily thaji is the case with p-nitro- 
beiizyl chloride, yielding iN^aryl (dhors of 2 : 4-dinitrobenzaldoxime : 

C6H3(N02VCH2Ci + nr:o - hci -f- C6H3 (xo,)2-ch:xh:o. 

That these condensation products possess the constitution of 
,V-oxinuno-ethers has been established by an examination of the 
behaviour of the X- phenyl ether, prepared from 2 : 4-dinitrobenzyl 
chloride and nitrosobenzene, toward liydrochloric acid. 

On treatment with hydrochloric acid in acetic acid solution 
the X-phenyl ether is converted at the ordinary temperature into 
2 : ddinitrobenzanilide, 2 ; 4-dinitrobcnzaldohyde, and ;>-chloro- 
aiiiline. The last two compounds are produced by the normal 
hydrolysis of the oxiraino- ether to the aldehyde and phenyl- 
hydroxy lam ine, the latter being .suhsetpientlv transformed, by the 
further action of the hy'droehloric acid, into p-ehloroaniline : 

C5H3(X0.,)-CH:xrii:0 — ^ CJl3{X03)yOHO 4- CgH.-XH-OH 

CeH.CbXH^, 

The simultaneous formation of 2 ; 4-(linitroheiizaiulide is evidently 
due to the oximino-ether undergoing the Beckmann transformation 
under the influence of the hydroehloric acid. 

Ill the case of 2 ; (j-dinitrohenzyl bromide, the eoiideiisation with 
iiitro.so-coin pounds is Ix’st elfected hv means of sodium ethoxide 
in aalii'drous alcoliolic solution. Tiie resulting 2 ; G-diiiitro- 
benzaldoxime-X-aryl ctheivs are unstable in the presence of aqueous 
alkalis and therefore cannot he obtained in a crystalline condition 
i^the condensation is carried out hy means of alcoholic potassium 
hydroxide in the usual manner. 

YOU CXXI. 


3o 



1714 


BABROW, GRIFFITHS, AND BLOOM : 


Experimental, 

2 : 4i~Dinitrobenzaldoxime-^ -phenyl Ether, CgH 3 (NO 2 ) 2 ' 0 H.NPh. 0 . 
— Bquimolecular proportions of nitrosobenzene (5-5 grams) and 
2 : 4 -dinitrobenzyl chloride (10'9 grama), prepared by Escaiess 
method {Ber., 1904, 37, 3599), were dissolved in alcohol (125 c.c,), 
and to the solution was added slightly more than the theoretical 
amount of potassium hydroxide ( 2-8 grams), dissolved in methyl 
alcohol (20 c.c.)- On the addition of the alkah, the colour of the 
solution at once changed from green to reddish-brown, and the 
oximino-ether separated as a yeUowish-brown powder. After 
remaining for one hour, this was filtered, freed from potassium 
chloride by washing with water, and crystallised from alcohol, 
the yield being 10*7 grams. 

2 : i^Dinitrobenzaldoxime-^ -phenyl ether crystallises in lustrous, 
slender, pale yellow needles, which melt at 149 (Found . C = 54*43; 
H = 3*22; N = 14*83. C 13 H 9 O 5 N 3 requires C 54-35; H = 3-U; 
N = 14‘63 per cent.). It is very readily soluble in chloroform, 
moderately soluble in alcohol or benzene, and almost insoluble in 
ether or light petroleum. 

Hydrolysis. — Four grams of the A’-phenyi ether, dissolved in 
glacial acetic acid (30 c.c.), were treated \yiih 15 c.c, of concentrated 
hydrochloric acid, diluted ^yith an equal volume of water. After 
remaining for one hour, the mixture was cooled in ice, the yellow 
solid, which separated, was removed, and the filtrate diluted with 
water and extracted several times with ether. On evaporation, 
the ethereal solution gave a red oil, which was decolorised by 
boiling with charcoal in alcoholic solution. It then readily crystal- 
lised, melted at 81^, and was identified as 2 : 4 -dinitrobenzaldehyde, 
The solution, from which the 2 ; 4 -dinitrobenzaldehyde had been 
separated, was rendered alkaline by the addition of sodium hydr- 
oxide; the p-chloroaniline thus Ii])crated was extracted with 
ether and its identity established by conversion into the acetyl 
derivative, melting at 175°. The yellow' sofid, w'hich separated 
from the acetic acid solution during the hydrolysis of the A"-phcnyl 
ether, crystallised from alcohol in long, slender, straw-coloured 
needles, melting at 193°, and consisted of 2 : 4:-dinitrobenzanilide 
(Found: C = 54-2; H-3-23; N = 15-07. C13H9O5N3 requires 
C = 54-35; H = 3-14; N = 14'63 per cent.). 

For the purpose of comparison, the anilide was prepared directly 
from 2 ; 4 -dinitrobenzoyl chloride and a slight excess of aniline, 
After crystallisation from alcohol, it melted at 193° and was 
identical with that obtained above. 

'Condensation of 2 : i-Diniirobenzaldehyde and ^-Phenylhydroxyb 
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iwiTz^.—Equimolecular proportions of the two components were 
Ijeated in alcoholic solution for half an hour on the water-bath, 
jtie sohd, which separated, crystallised from alcc^ol in slender, 
jrellow needles melting at 150®, and was identical with the A^-phenyl 
ether obtained by the condensation of 2 : 4-dinitrobenzyl chloride 
and nitrosobenzene, 

2 ; i-Dinitrobenzaldoxime‘^-p4olyl Ether, 

C6H3{N02)2*CH:N0-CsH,Me. 

_This was prepared by the gradual addition of the theoretical 
amount of methyl-alcoholic potassium hydroxide (M grams in 
5 c.c.) to an alcohohc solution (85 c.c.) of 2 : 4 -dinitroben 2 yl chloride 
(435 grams) and p-nitrosotoluene (2-7 grams). Excess of potassium 
hydroxide must be avoided, otherwise a very impure, dark coloured 
product will be obtained. 

The oximino-ether separated as a greenish -yellow powder, which 
was washed with water and crystallised from alcohol. It forms 
golden, silky needles melting at 167®, and is readily soluble in 
chloroform, less soluble in benzene or alcohol, and only very spar- 
ingly soluble in ether or light petroleum (Found C = 55 - 74 ; 
H = 3-51; N = 14-05. requires C — 55-81; H — 

3-65; N = 13-95 per cent.). 

2 A‘DinitrobenzaJdoxime-l^-o-tolyl ether, prepared in a similar 
manner from o-nitrosotoluene, crystaUises from alcohol in pale 
yellow leaflets melting at 225® (Found ; N = 14-02. 
requires N == 13*95 jicr cent.). 

2 : i-Dinitrobe7izaldoxime-l!s-p^dimethylaminophenyl Ether 

-2:4-Dinitrobenzyl chloride (10-9 grams) and p-nitrosodimethyl- 
aniline (7-5 grams) were dissolved in alcohol (l.>0 c.c.) and the 
condensation effected in the usual manner by the addition of methyl- 
alcoholic potassium hydroxide ( 2-8 grams in 21 c.c.). The oximino- 
ether that separated was washed with water to remove potassium 
chloride, and crystalUsed from a mixture of equal parts of alcohol 
and pyridine. It forms small, dark red needles melting at 194® 
andis only shghtly soluble in alcohol, moderately soluble in benzene, 
very readily soluble in pyridine or chloroform, and almost insoluble 
m ether or hght petroleum (Found ; N 16-63. C 15 H 14 O 5 N 4 
requires 16-96 per cent.). The yield amounted to 90 per cent, of 
the theoretical. 

The corresponding '^’p-ditikylamvwphaujl ether, 
C3H3(N02)2‘CH:N0*CgH4‘NEt2, ’ 
was prepared from p-nitrosodiethylanihne and purified in the same 
“laniier. It crystalhses in small, very dark red leaflets, which melt 
1(7® ^rith decomposition, and have about the same solubihtv 
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ill the common solvents as the dimethylamiiiophenyl ether (Found- 
N “ 15-67. requires N = 15-64 per cent,). 

2 ; ^‘DinUrobeilZ(lldoxlme~'^'^-methfhmimph^}^^^^^ Ether ^ 
C«H 3 (N 02 ) 2 'CH:N 0 -C 6 H 4 -NEMe. 

— This was obtained in almost theoretical yield by the condensation 
of p- nitroso in ctliyl aniline and 2 : 4-diuitrobenzyl chloride. It 
cry.stallises from a mixture of equal parts of pyridine and aleoliol 
in small, choeolate-rcd needles, melting at ISO*^, and is only slightly' 
soluble in alcohol, more readily soluble in benzene, and very readily 
soluble in chloroform or pyridine (Found : N — 17-52. 
requires N 17-72 per cent.). 

The eorresjionding ^-\>-dhykminophen>jl dher was prepared fron 
p-nitrosoethylaniline in the same manner ; it crystallises in small 
lustrous, dark reddish-brown Icatlets melting at 168- -ITT’ uhl 
decomposition, and has approximately the same soliii)iUty in thi 
common solvents as the methylaininoplieuyl ether (Found 
N — 17-38. Oj 5 Hi 405 N 4 requires N ~ 16-60 per cent.). 

2 : ■i'Dinitrobe)izalioxime-^''^-)iHrophenyl Ether, 
C6H3(N02)yCH;N0-CeH4'NO2. 

— This compound was prepared in the usual manner from p-nitru 
nitrosobenzenc, the yield being 70 per cent, of the theoretical, 
It crystallises from alcohol in small, dark orange leaflets meltiiiB 
at 155 — 158^ with decomposition, and is moderately soluble in 
alcohol or benzene, readily soluble in chloroform, and only very 
sparingly soluble in light petroleum or ether (Found : N — 17-0, 
04311907 X 4 requires X — 16-86 per cent,). 

The corresponding }\-m-nitro phenyl ether, prepared from »i.-nitro- 
nitrosobenzene, separates from a mixture of equal parts of pyridiiit! 
and alcohol in slender, yellow leaflets, melting at 225^ (Found: 
N — 16-90. 04311907 X 4 requires 16-86 per cent,). 

2 ; 6-Dinitrobenzaldoxime-^^phmyi Ether, C6H3{XO2)2-('H:NPh:0, 
—The 2 : e-dinitrobeiizyl bromide required for this and the follow- 
ing condensations was prepared by heating 2 : 6 -dinitrotolueui' 
( 10 grams), bromine (10 grams), magnesium carbonate (3 gram,?), and 
a little pyriebne ( 0-2 c.e.) for five hours in a sealed tube at 150' 
(compare Reich and Ogane.ssian, Bnll. Soc. chim., 1917, [ivj, 21 , IFl. 
In several exporiinents in yvhich the pyridine was omitted, the -: 0 - 
dinitrotolueno was recovered unchanged. 2-7 Grams of 2 : 0 -diiiitn 
benzyl bromide and 1 gram of nitrosolienzcne, disvsolved in 25 0.1 
of anhydrous alcohol, were treated with the theoretical amount c 
sodium ethoxide ( 0-22 gram of sodium in 6 c.c, of alcohol). 0 
the addition of the ethoxide, the solution at once changed froi 
green to deep red. After remaining for half an hour, the alcolii 
was removed at as low a temperature as possible by evaporatio 
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I, (lor diminished pressure, and the residue extracted with hot 
eiiKcne- The oximino-ether, obtained by removing tiie benzene 
fKl(‘r diminished pressure, was purified by crystallisation from 
Icoliol. It separates as a pale yellow powder melting at 138“, 
jjd is moderately soluble in alcohol or benzene, very readily soluble 
1 chlorf^Iorm or pyridine, and only very sparingly soluble in ether 
r light petroleum (Found : ~ 1442. C'lgHgOjNg requires 

; 14-63 per cent.). 

; Q-Dinitrobenzaldoxime-'^-p-dimeikylnrmnophenyl Ether, 
C6H3(N02)2-Oir:NO-CoH4-NMe2. 

-This was prepared from p-nitrosodimethylaniline and 2:6- 
iiiilrobcnzyl bromide in a similar manner to that described above. 
\ (rystallises from alcohol in short, deep red prisms, Avhich melt 
t 1()F, with decomposition (Found : M — 17-lo. 
e.'jUiros N 16-06 per cent.). 

Clir.MlSTHV DePAHTMRNT, 

la^.KnrcK (’(>Lr.K(;e, I.rixnox. [tiiTfired, Jnhj ~ifh, 1922.] 


y\],~-The Formation of Derlvailves of Tcivahydro- 
imjJifhaknr from y-l^hniyl Fatty Acid.s. Part II * 
l\y .Arnos. I) Sti:\ ::nson and Jocki.vn Frinj) Tuokr]-:. 

b Part T of this series, it was shown that the formation of the 
ieeoiid (Ityslrogenaled) lan^ in a derivative of tetra-h ydronapthalene, 
as (list i net from (be prtHliiclinn of the inaphthah-m^ nucleus itself, 
vCHiR'd to depend on tin^ ]>resenee of sub.stituting grosips on the 
larlion atoms of the side obasn and it was sliown, in part ieular, that 
tk' attachment of gnmj)s to the 3-<'arboM alf)m (in n-speet of the 
k'lueiie ring) jirodm-CMl a jirobmiid on riiiL^ elosssre. 

Lxporinients have l>eeti (Mintiimed, beeaiise it is intended in 
this scries thoroughly to investigate the ellcet of sulistitution at 
{hifd'crit ]>ositit)ns on lln - sidr (-hain in oi-dt-r if possible, by com])aritig 
tlieccmlithms of ring closun' with those of llie fully saturated carbon 
riM^y^tems, now lieing invcstigjitcd in tlicst' laboratories, to draw 
some conclusion as to the stcrcix'hcmical coiifigtiration of tlte benzene 
nncknis. 

A number of examjdcs are known of the formation of tetra- 
Wlrotiaplith;defi(‘ dcri\'atiA'es from i*om[ioun<ls Inwing a benzene 
n'uleus to u'hicb is atta<*lnHl a sid(' (-bain of four carixm atoms. A 
^otiipriund of this type tnay be the (hu’ivative of an acid, as, for 
instance, ■y-phonvlbutvi'vl ehloriile, which reacts with a hi mini urn 
♦ Part I appeared T., 1921 119, 87. 
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chloride (Kipping and Hill, T,, 1889, 75, 144) to form l-ketotetra. 
hydronaphthalene, or ethyl phenylacetylmalonate, which when 
treated with sulphuric acid (Metzner, Annalen, 1897, 298, 374) 
passes through a tetrahydronaphthalene derivative into ethyl 
1 : 3-dihydroxynaphthalene“2-carboxylate : 

CH. CH^ 

/ Y^co 

Y' CH-COjEt Y^/CH-COjEt 

COjEt 00 OH 

There appear, however, to he only two cases recorded in which an 
actual acid, as distinct from its derivative, undergoes a change 
of this type, the closing of the ring being efiected through the 
elimination of a molecule of water formed from the hydroxyl group 
of the acid and one hydrogen atom of the benzene nucleus in the 
ortho -position, Kon and Stevenson {T., 1921, 119, 87) found that 
the imides derived by Guareschi’s method from ethyl and methyl 
benzyl ketones cm hy^drolysis gave tetrahydronaphthalene deriv- 
atives, which were no doubt formed in accordance with scheme (a), 
although it was not found possible to isolate the intermediate 
dibasic acids (II), this being probably due to the fact that a hydro- 
lysing agent {sulphuric acid) sufficiently strong to cause the fission 
of the imide ring is powerful enough to ebminate water and form 
the tetrahydronaphthalene derivative. 


CH,Ph>.p^CH(CN)-CO^,.„ 


CH, 


(T-) 




CR-CHo'CO^H 
/CH, 

COoH (II.) 

Scheme {«), 


CH^ 

CR-CHo*C0.H 

CHg 

CO (III.) 


This fission of the imide ring could be avoided by using Day and 
Thorpe’s method (T., 1920, 117, 1465) for the production of (3-sub- 
stituted glutaric acids, so that by condensing phenylacetaldehyde 
with Cyanoacetaraide it should be possible to form the diamide of 
aa'-dicyano-3-benzylglutaric acid (IV), which on hydrolysis should 
give ^-benzylghitaric acid (V), From this the tetrahydronaphthalene 
CH2Ph*CH[CH(CX)‘CO*NH2]2 (IV.) 

OH. OH, 


(V,) 


/CH, 


CH. ' 


CO 
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(jerivative (VI) should be obtained by the elimination of a molecule 
of water. Unfortunately, Day and Thorpe found that while their 
method gave excellent results with aliphatic compounds, aromatic 
aldehydes on condensation with cyanoacetamide formed un- 
saturated compounds, a conclusion borne out by the preliminary 
experiments on phenylacet aldehyde already described (Kon and 
Stevenson, loc. cit.), in which only traces of the diamide (IV) were 
obtained. It has, however, now been found that under proper 
conditions the yield of diamide in the condensation product can be 
increased to 10 per cent, of the theoretical, the major part consisting 
of the amide of a-cyano-y-phenylcrotonic acid, 
CHgPh-CHiClCNl'CO-NHg. 

Phenylacetaldehyde would thus appear in its behaviour towards 
cyanoacetamide to be intermediate between the aliphatic and the 
aromatic aldehydes. 

It was found that the diamide (IV) on hydrolysis with hydrochloric 
or moderately dilute sulphuric acid gave p-benzylglutaric acid (V) 
(Vorlander and Strunck, Annalen, 1906, 345, 239), and that this 
on treatment with concentrated sulphuric acid at room temperature 
passed almost quantitatively into the tetrahydronaphthalene 
derivative (VI), the constitution of which was proved by the 
formation of a semiearbazone and by the production of phthalic 
acid on oxidation with potassium permanganate. This reaction 
therefore furnishes an example of the direct formation of a tetra- 
hydronaphthalene derivative from a y-phenylbutyrric acid through 
the elimination of a molecule of water. 

When heated at the open chain acid (V) remains unchanged 
and if treated with a dehydrating agent such as acetyl chloride 
(Yorlander and Strunck, loc. cit.) loses water to form the anhydride. 
It is therefore remarkable that sulphuric acid should eliminate 
Tvater in a different w^ay and close the tetrahydronaphthalene ring. 
This action must be due to the formation in the first place of a 
sulphuric acid ester, which then loses sulphuric acid to form the 
ring complex : 


(V.) 


CH^ 

Uv™. ■ ■ 

CO-O-SOaH 


(VI.) +H 2 SO 4 . 


fWs explanation of the reaction will have to be taken into account 
''lien the general survey of the field is made at the end of this 
<eries, 

(VI) closely resembles in its general properties 
^uomologue containing a methyl group (III), there is a marked 
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difference l)etween tliem in tiieir behaviour on regulated oxidation 
amerem.L rru. latter readily passes (Kon, 

with potassium licrmaii c^ ^ stable compound 

Stevenson, and Thorpe, this vol t • b,)-) mto ^ 

which exists in the two tautomeric forms (VII) and (VIU) . 

CH 

A (" Y''k™ir 


'CO 


CO 


(Vn.) 


CO 

(vni.) 


r 

./ 

OH 

(IX.) 


The Tirescnoe of a methyl group attached to a qiiateri a y eariion 
The , idiniinatioii of hydrogen and the conse- 

atoni no doubt prei cuts derii ative and so allows the 

rlrottYi.ii.i.". i™'-* (vn VIII). I'l.. «M (vi) 

format on oi homologous compound, hut foniieil 

on Sinn ar t-a nient jieUhd no ho^^^^ „,phthalene, whilst an 

at eiiipftrremilate the oxidation so as to obtain the substituled 
^^hi (IX)''merely gave a mixture of tar and parent acid. 


E X P E R I M E N T A L. 

CcMhn of rhn,Mkh,de ,vilh CjanoacHarnide. 
Phenylaeetaldehvdc readily poll , ..crises o.i keeping and tins leads 
to unsatisfactory “l ields on eondeu.satio.i with e.yanoace .mu. le. 
¥he polyme.-isation'ean. howev.-r, be p.eve..te,l by at once adding to 

y:, ^ . -.■» «< » 

ta a '"fi 

also added to act us a condensing agent, Ha mix ^ 

shaken in a widciiouthed sto,,p<ued b.iitle for ^ 

when a precipitate had foi-med. After k.a-ping for twehe ho. .. 
vL filtered off an.l extracted with hot aleohol. dm Grams of t 
insoluble, dmaid,: of and were obtained 

and this was found to dccom|i..se and melt at U.) . 

Tlie amide of n-cyaiio-yphitu/lcroloiiic arid, 

CHd'h-CHiCtCNl-CO'NIC, .ni„i,w 

is depo.sited in clusters of iiei'dles as tlie liltrate cools, t le Jie ' o 

ItaTa g„w.. y.l. air' 

crystallising from alcohol, the aiiiid(‘ softened a 

In the j^relim inary experiment ri (for. rit.) the melting point ^as g 
as 245"*, 
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at 207° (Found : C = 70'55; H = 5*51; N - 15-16. 
requires C — 70-93 ; H — 5-43 ; N = 15-05 per cent.). 

^-Benzylglutaric Acid (V). 

Twenty c.c. of concentrated hydrodiloric acid were added to 
6 grams of the di amide of aa'-dicyano-i^-benzylglutaric acid, and 
the mixture diluted with 10 c.c. of water and heated under reflux 
for two to three hours. When cold, it was extracted with ether, 
the ethereal extract yielding 3 grams of the crude acid. Crystallised 
from benzene, it separated in stout prisms which melted at 99 — 101° 
(Found : C 64-79; H = 6-41. ('ale., C ~ 04-84; H ^ 6-35 per 
cent.). In order to ascertain if hydroly.sis with moderately dilute 
sulphuric acid (45 per cent, by volume) w'ould close the tetrahydro- 
naplithalene ring, 5 grams of di amide were heated under reflux with 
100. c.c. of acid till evolution of gas ceased. After dilution, it was 
extracted witli etlier, and from tlie etliereal extract there were 
obtained 2 grams of product ratln-r dark in colour. After twice 
crystallising from benzene and liglit ])etroleum, it melted sharply 
at lOr and proved to be fi-benzylglutaric acid [Found : C ^ 64-Gl ; 
H 6-51 per cent. Titration with A'.'lO-.sodium hydroxide. 
Found: 14-1 c.c. Calc, (dibasic), 13-9 c.c.]. 

SicA’KeMdrahjdrompJilJialene-*S-acdic Acid (VI), 

Three grams of {3-bcnzylglutaric acid were dissolved at room 
temperature in 15 c.c, of concentrated sulphuric acid. After keep- 
ing ovei night, the solution was poured on to ice and extracted with 
other, the ethereal extract yielding 2-4 grams of crude condensation 
product. Thi.s wa.s purified liy eonvrTting it into its seinicarhazone, 
regenerating }iy warming witli 25 per cent, sulphuric acid, and 
extracting with ether. Crystallised from benzene, it formed pri.sm.s 
which sintered at 109° and molted at 110 -1 1 1 •’ [Found : C = 70-91 ; 
H~.5-83. requires C^^70'55; H 5-93 |)er cent, 

litration with A/20-sodiinn liydroxide. Found: 13-95 c.c, (kale, 
(iiioiiobasie), 14-30 c.c.J. Tlic acid can also be pixqiared by heating 
the parent acid under reflux with sul])huric acid (GO per cent, by 
vohiiiie), but this method gives a less pure jimduet. Tlie silver, 
cupric, lead, ferric, and aluminium salts are readily formed in the 
cold from the ammonium salt, whilst the calcium salt is obtained as 
gelatinous precipitate on boiling the neutral sodium salt for some 
time with calcium elilorido solution. 

file scmkarbazuitc was readily preqiared by mi.xing an alcoholic 
s>f>lution of the acid with semicarbazidc acetate solution. It is 
sparingly soluble iu alcoliol, ^e[)arali 1 lg as a crystalline powder 

3u* 
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melting at 238” (Found: N = 16'22. C 13 H 15 O 3 N 3 requires 

N = 16*09 per cent). , i. j- i ■ 

The oxidation to phthalic acid was carried out by dissolving 
3 grams of the acid in sodium hydroxide solution, heating on the 
steam-bath, and adding a .warm saturated solution of potassium 
permanganate until the colour persisted. After destroying the 
excess of permanganate with sulphurous acid, the^ solution was 
filtered, and the filtrate acidified and extracted with ether, the 
ethereal extract yielding crude phthaUc acid. Crystallised from 
water and rubbed ivith ether and then with alcohol, it melted and 
decomposed at 203” and on heating with resorcinol gave fluorescein 
[Titration with iV/20-sodium hydroxide. Found : 17'3 c.o. Calc. 

(dibasic), 17‘2 c.c.]. i j j; a. 

For the regulated oxidation the method employed for the 
preparation of the tautomeric substance (VII and VIII) wa« 
followed. Three grams of the acid were dissolved in sodium 
hydroxide solution, and a 1 per cent, solution of potassium 
permanganate added until the colour persisted, the operation being 
carried out at a temperature of about 10^ The excess of i^rman- 
ganate was destroyed with sulphurous acid and the solution filtered, 
acidified, concentrated by evaporation, and extracted with ether, 
the ethereal extract yielding a brown, tarry substance which could 
not be crystallised. In order to ascertain if the naphthalene 
derivative (IX) could be obUined, 1 gram of the acid was dissolved 
in sodium hydroxide solution, and potassium permanganate added 
sufficient for the oxidation of two hydrogen atoms. Treated as 
above, a tar was obtained from which, on addition of lead nitrate, 
the lead salt of an acid was obtained. On regeneration and crystal- 
lisation, this acid proved to be identical with the parent acid. 

We are indebted to the Chemical Society for a grant which has 
partly paid for the materials used in the investigation, and to Messrs^ 
W. J. Bush & Co., Ltd., for supplying us ^\ith freshly prepared 
phenylacetaldehyde. 

Ijiperial College of Science -and Technology, 

South Kensington, S.W.7. [Received, July ith , 19-*..] 
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CCVII . — Researches on Residual Affinity and Co-ordirir 
ation. Part IX. Cobaltammine Salts of the 
Nitro-Dyes. 

By Gilbert T. Morgan and Herbert Joseph Seymour King. 

It has been shown that the mordant dyes of the quinoneoxime 
and alizarin series contain chelate groups which can enter into 
the co-ordination sphere of cobal tarn mines, displacing completely 
the ammonia (Morgan and Main Smith, T., 1921 , 119 , 708 ; this vol., 
p. 165). This investigation is being extended to mordant dyes 
of the azo-series, and the results so far obtained show that these 
colouring matters also owe their capacity for forming metallic lakes 
to the presence in their molecules of at least one chelate group, 
which is identified by its power of saturating completely the 
chemical affinity of tcrvalent cobalt so that a stable complex 
containing this metaUic atom is produced with three chelate groups 
talcing the place of the six ammonias in hexamminocobaltic salts. 
This property is in all probability a distinctive feature of organic 
lordant dyes, but in order to estabhsh the generalisation it 
ecomes necessary to ascertain whether substantive dyes behave 
imilarly or differently towards cobaltammines. 

The object of the present inve.stigation was to determine whether 
he substantive nitro-dyes furnish chelate groups when combined 
,ith the cobaltammines, and for this purpose four typical nitro- 
yes were examined : picric acid, dipicrydamine (aurantia or 
tnperial yellow), 2 : 4-dinitro-a-naphthol (naphthol yellow N), 
nd 2 : 4-diiiitro-a-naphthoI-7-sulphonic acid (naphthol yellow S). 
The salts of these colouring matters containiiig chloropentammino-, 
q^uopentammino-, and hexammino-cobaltic radicles were pre- 
»arcd and found to be sparingly soluble compounds quite stable 
•t the ordinary temperature. On heating at 95^ under reduced 
iressure, these salts evolved a certain amount of ammonia, hut 
>nly in one instance did the loss amount to two-lift hs of tlie total 
[uantity present in the compound. In other cases this loss was 
considerably less. 

The behaviour on heating of the cobaltammine salts of the 
'libstantive nitro-dyes stands in marked contrast to the behaviour 
the cobaltammine salts of nitroso-^-naphthol. The latter series 
bse their ammonia completely even at 50 ’ and become transformed 
into cobaltic l-nitroso-l3-naphtho.\ide (cobaltic 1 : 2-naplithaquin- 
one-boximate), a stable insoluble lake in which the metallic atom 
remains solely combined with three chelate groups of the mordant 
iimaoneoxime dye. 


3 0 =*= 2 
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Mordant Dyes. Percentage Percentage 

KHj before NHg after Percentage 
Cobaltamminea. heating, heating, lost. 

Hexomminocobaltic 1 : 2'naphthaquin- 

one-l-oximato 14-56 0 100 

Chloropentamminocobaltic 1 ; 2-napli- 

thaquinone-l-oximate Unstable at room 99 

(T., 1921, loc, cit.). temperature 

Substantive, Nitro-dyes, 

Chloropentamminocobaltic 2 : -t di- 

nitro-a-naphthoxide 11-78 11-41 314 

Chloropentamminocobaltic 2 ; 4-di- 

nitro-a-naphthoxide-7-sulpbonate .. lG-26 10-00 1-60 

Hexamminocobaltie dipk-rylamiiie .. 6-73 0-53 2-97 

Hexamminocobaltie 2 ; 4-dinit ro-a- 

naphthoxide 11-04 10-76 2-54 

Hexamminocobaltie 2 ; 4-dinit ro-a- 

naphthoxide-7-sulphonate 15-09 13-83 8-35 

Aquopentamminocobaltic picratc- 9-95 6-12 38-49 

Aquopentamininocobaltic 2 ; 4-di- 

nitro-a-naphthoxide 9-54 9-46 0-84 

Aquopentammiiiocobaltic dipicrylatnitie (3-31 5-66 10-30 

The foregoing table indicator that tiie cobaltaiuinine salts of the 
nitro-dyes are comparatively stable even on lieating. In no case 
has ammonia been displaced cither partly or completely by the 
nitro- groups. 

The experimental results described below .show that, unlike the 
mordant dyes of the quinoneoxiine, alizarin, and liydroxy azo- 
series the substantive nitro-dyes do not furnish chelate groups 
each capable of reacting as two associating units in the co-ordin- 
ation sphere of a cobaltic atom. Tliis behaviour of the nitro-dyes 
may be assigned to a lack of residual affinity in the nitro- groups 
as regards cobalt or it may be taken as corroborative evidence of 
the para-quiiionoid conliguratiun of the nitro-dyes, the following 
fornuilee showing the relationship between pierie acid (I) and its 
hexammmocobaltio salt (11). 


( 1 .) 

xC 




The cpiiiione hypothesis would also acc'ount for the complete 
absence of co-ordi nation between cobalt and nitro-groups in 
chloropeHtamminoaobaltic dipicri/hunine (ill), since the co-ordin- 


ation complex and the nc-aix-st nilro-groups are now in meta- 
positions with respect to each other. 
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Similar considerations applied to the naphthol yellows would 
lead to the following formulations (TV anrl V) for aqmpentammino- 
cob(dtif' 2 ; i-dinllro-<x~napkthoxide (TV^) 






and for the more complex Jiexamminocobaltic 2 : 4-diniiro-%-7mphth- 
omk-l-sidphonate (V) 

NO, 


iv.) [Co(NH3)6] 


" - V.. .. 
\ / 


: m- < [Co(NH3)6] 


\SO„ 


Picric acid, dipicrylamine, and 2 : 4-dinitrn-a-iiaphth<)l have given 
a coinplete series of ]>nrpiireo-, rosco-, and liitea-salts containing 
respectively the coinplete co-ordination complexes [CoCl’oNH^], 
[('or)XH 3 *H,()], and [ OodNK^]. 

The pnrpuroo- and lutco-salts of 2 : T-dinitro-x-naphthol-T-sul- 
phonie acid were also prepared, but tlie roseo-salt was obtained only 
in association with silvi’r chloride as formed by donble deeom- 
position bet\\'cen roseo-eobaltie ehlorido ami the silver salt of the 
iiitro-sulphonic acid. ITuI in no ease was any experinn'iital evidence 
forthcoming that the assix'iating units of the three foregoing com- 
plexes had been displaced by substit uent groujis derived from the 
iii t ro- colo u r i ng i n a 1 1 e rs . 


Ya X r !•: l^ I M n \ x a j. . 

The cobaltammines described below, wliieh ^^'ere prepared from 
the piirilied nitro-dyes and frenu colKiltammine salts of ascertained 
c‘oinpositi(jn, were precipitated at room temperature and kept in 
the cold mother-1 i(pior until eolk'ctt'd, wlien they were washeil 
repeatedly with dilute ammonia and linally with water. These 
products were thc'n diied in a vacuum desiccator containing soda- 
lime. and ammonium carbonate, and finally kept for three hours 
mider reduced pressure over concentrated sul[)huric acid. 

I, CobaJfnmmhirs of Picric Acid, 

The cobaltainminc piorates were erystallino compounds, sparingly 
soluble in cold water to yellow solutions ; on wanning, the dissolved 
utidcrwont partial liydrolysis. 

1- (yoropentamminocobaJtic picratc separated in reddish-browTi 
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needles (4 grams) on adding 2*74 grams of chloropentamminocobaltic 
chloride in 650 c.c. of water to 5 grams of picric acid in 500 c.c, 
water containing 22 c.c. of ^'-sodium hydroxide (Found : Co=9-56; 
NHg = 13>29 ; N = 23-87 ; Cl = 5-45. [Co(NH3)5Cl] { 
requires Co = 9-28; NH^ ~ 13-40; N c=: 24-24; Cl = 5-58 per 
cent .) . The formation of this compound is referred to by J oi^ensen 
(J. pr. Chem.., 1878, 18, 232) and by Ephraim {Ber., 1921, 54, 
[5], 402), but no analyses have hitherto been recorded. 

2. Aquop€,ntci 7 iT}nviocobaUic picrate was precipitated in masses of 
small, yellow needles (4-1 grams) on adding slowly 1-6 grams of 
aquopentamrainocobaltic chloride in 25 c.c. of water to 12 grams 
(9 mols.) of picric acid dissolved in 52-5 c.c, of i\^.sodium hydroxide 
and 700 c.c. of water (Found: Co — 7-30; NH3 — 9-95; K = 
22-73; H20 = 2-U. [Go(i\H3)5HoO] ;CeHo(N02)30;-3 requires 
Co = 6-97; NH3- 10-06; N:r. 23-17 ; H^O = 2-13 per cent.). 

3. Hexanvninocobaltic picraie (formula 11) was obtained in a 
state of purity only by employing an excess (6 mols.) of picric 
acid; 5 grams of this reagent were dissolved in 21-9 c.c. of 
iV-sodium hydroxide in 500 c.c. of u-ater and treated slowly mth 
1-27 grams of hexamminocobaltic nitrate in 75 c.c. of water, 
when clusters of sniphiir-yellow needles were forthwith precipi- 
tated (2-5 grams) (Found : Co — C-95; NH3 ■= 12-24; N — 24-^. 
[Co(NH 3)6] ;CeH2(N02)30; 3 requires Co ==6-98; NH3 ^ 12-09; 
N — 24-86 per cent.), This salt has been referred to recently by 
Ephraim, but only a partial analysis is given (-Brr., 1922, 65 , [5], 
1615). 

II. Cobalfammvm of Dipimjlamine. 

The cobaltammine salts of dipicrylamine were obtained as red, 
non-crystallisable solids rather more soluble in cold water than 
the cobaltammine salts of the other nitro-dyes. 

1 . Ck lorope n ta mm { nocoha Itic D ip kryla m me { Form ul a III ) . — Three 
grams of dipicrylamine converted into ammonium salt and 
dissolved in 900 c.c. of water were treated with 0-80 gram of 
chioropentamraiiiocobaltic chloride in 230 c.c. of water, when a 
granular, crimson precipitate was deposited (Found : Co — 5-60 ; 
NH3 - 7-70 ; N - 25-06 ; Ci = 3 (H. [Co(NH3)5Cl] ' C12H4O12N-; j 
requires Co = 5-59 ; KH3 = 8-07 ; N — 25-21 ; Cl — 3-36 per 
cent.). 

2. Aquopentarnminocobaltic Dipicrylamine. — Aquopentammino- 
cobaltic chloride (0-37 gram) in 20 c.c. of water was added 
slowly to 2-9 grams (4-5 mols,) of dipicrylamine dissolved in 
6'6 c.c. of xV-sodiura hydroxide and 700 c.c, of water; the 
product (1 gram) was a bright red powder somewhat soluble in 
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water (Found : Co = 4^22; NHg = 6-31 ; N = 24-86 ; H 2 O = 2-75. 
1 * 00 (^ 113 ) 51120 ] 101 ^ 2 ^ 4 ^ 12 ^ 7 } 3 requires Co = 3*95 j NHj = 
g.fjO- N = 24-37; H 2 O = 2-41 per cent.). 

3 . Hexa'J^'fninocobaltic Dipicrylamine, a scarlet compound of 
lighter shade than the two preceding salts, was obtained by adding 
J .05 grams of hexamminooobaltio nitrate to 8 grams (6 mols.) of 
dipicrylamine in 18-2 0 . 0 . of ^-sodium hydroxide and 400 c.c. of 
water (Found : Co = 4-27; NH 3 = 6-73; N - 24-64; H^O -2-90, 
[CoiNHglfi] { C 12 H 4 O 12 N 7 } 3 , 2 ^ 2 ^ requires Co = 3-88 ; NHg - 6-72 ; 
N = 24-88 ; HjO = 2-96 per cent.). 

III. C(^altammine^ of 2 : 4i-Dinitro-oi-mphthol. 

The three following compounds are identical in colour, being 
orange when wet and brick red on drying; they are obtained as 
pasty, non-crystalline precipitates very sparingly soluble in cold 
water to yellow solutions. When dried at the ordinary temperature, 
they are found on analysis to be hydrated, but although the amount 
of water is variable, the ratio of cobalt to ammonia is consistent with 
the absence of co-ordination between cobalt and the nitro-groups. 

1 . ChloropentamminocobaUic 2 : 4-Diniiro-x-naphthoxide. — Chloro- 

pentamminocobaltic chloride (1-61 grams) in 550 c.c. of water was 
added to 3 grams of 2 : 4-dinitro-a-naphthol dissolved in 12-8 c.c. 
of A"-sodium hydroxide and 1 litre of water, when 2*2 grams of the 
product were precipitated (Found : Co ^ 8-61 ; NH 3 ^ 11*84; = 

18-11; Cl = 4-61 ; H^O - 8-50. [Co(NH 3 ),Cl] I Ci„H.,0,N, ) 
requires Co = 8-32; NH 3 = 12-01 ; X — 17-79; Cl = 5-00; H 2 O 
= 8-90 per cent.). 

2. Aquopentamminocobaltic 2 : 4:-DinitrO‘:t-naphfkozide (Formula 
IV) — Tw'O grams of 2 : 4-dinitro-a-iiaphthol dissolved in 8-5 c.c. of 
A-sodium hydroxide and 700 c.c. of water were treated with 0-765 
gram of aquopentamminocobaltic chloride in 20 c.c. of water 
(Found: Co = 6 - 86 ; XHg — 9*54; N — 16*94; H 2 O = 5*10. 
[Co(NH 3 ) 5 H 20 ] -CioH^OsNgJg.l^HgO requires Co = 6-64; NH 3 = 
9-59; N — 17-34; H 2 O = 5-07 per cent.). 

3. Hexamminocobaltic 2 : A-Diniiro-!x-nuphtkoxide . — Three grams 
of 2 : 4 -dimtro-«-naphthol, dissolved in 12-8 c.c, of A"-sodium 
hydroxide and one litre of water, were treated with 1-48 grams of 
hexamminocobaltic nitrate in 150 c.c. of water, when the product 
TFas easily filtered, although if excess of the sodium salt was 
employed filtration and washing became impossible even with the 
aid of a centrifuge (Found : Co = 6-80; XHg -- 11-04; N = 18*58; 
020 = 3 - 43 . [CoiNHalJ | CiqH.O.X. } ^IfHjO requires Co = 6*61 ; 
M 3 = 11 . 46 ; N 18-86; HgO ^ 3-63 per cent.). 
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IV. Cohaltummines of 2 U-Dinitro-a-napUM-l-sul^^^^^ Acid. 

It was not found possible to prepare monocobaltammine salts 
of naplithol yellow S even when using a large e.xoess of ite sodium 
salt Thi.s behaviour is in agreement with the observation o[ 
Kneeht and Hibbert [Ber, 190+, 37 , 3475) that a inonopot^siiim 
salt is not obtainable. 'I'lie following dieobaltammine salts are 
orange, crystalline, hydrated compounds, sparingly soluble in 
water to yellow solutions. -j n i t 

1 Chhropenlammnocobahic 2 ; i-DmHw.a-naphthonde.'l-mlpho. 
nate -Four arams of 2 ; 4-dinitro-=<-naphthol-7-.sulphonio acid in 
050 'c c of water nere converted into the ammonium salt and 
treated with 2'72 grani.s of ehloropentaniminocobaltic chloride in 
600 cc of water, when the product separated in small, orange 
needles' (Fonnd : Co .. 1 1-50; NH3 ^ 16-26 ; N ^ 18-8i5 ; Cl = 
6-34 ■ S =- 6-25 ; H,,0 — 4-84. [Co(NH3)5Cl]2 , 0, jUjOgNoS ■ j.SHjO 

■ 1', 1147-VTI - lG-4-^' N = 18-00; Cl = 6-84; 8 = 

rec^uires Co — irof , XMI3 - lu-t-, ? » 

6-18; HsjO = 5-21 per cent.). 

2 . Ilcmmmiiiocoballic 2 : A-Vimlro-'i-naphllw.rdc-l-mlplionak 
(Formula \") — Six grams of 2 ; 4-diniti-o-3i-naphthol-i-sulphonic acid, 
converted into the ammonium salt in 3.50 c.c. of water, were treated 
with 1-80 grams of hexainminocolialtio nitrate, when a briglit 
yellow, ci-y.stalliiie precipitate was deposited, which owing to 
difficulties of filtration was separated and washed in a centrifuge. 
The product consisted of irregular plates (2-4 grams) (Found : 


Co ^'8.68-, NH3= 1.5-00; N= 18-13; ,S = 0-79 


NH3- 


[Co(NH 3)3]., : CioHjOjN'.S : 3,r.tLO rcpiires Co = 8-G3 ; 

14-95- N = 18-45; S = 7-04; H/l = 7-91 per cent.). 

im’moiiia was estimated in the eobaltammine s.alts of the two 
oc-naphthol derivatives by ilistillation with arpieous sodinra 
hydroxiflc, but this procedure failed in the case of the compounds 
derived from picric acid and dipicrylamiiic, a.s in each case Ihe 
acidic radicle was decomposed and contributed a further qiiaiifity 
of ammonia, which was slowly evolved, so that a definite end -point 
could not ho obtained. From the dipicrylamine compounds the 
ammonia evolved was more than would correspond with the 
nitrogen of the imino-group, and evidently as in the case of picric 
acid ammonia arose from a reduction of nitro-groups. The dn 
picrylamine derivatives viore first decomposed with ooncentratod 
sulphuric acid and after diluting and filtering from dipicrylamine 
the ammonia in the filtrate was estimated in the ordinary way. 
In the eobaltammine picrates the ammonia was estimated by 
distilling with calcium carbonate instead of with sodium hydroxi e. 

The water in theThydrated oorapouiids was not removed com- 
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pletoly under reduced pressure over p]iosj)honc oxide, but both 
water of crystallisation and co-ordinated water of the aquopent- 
ainmino-salts were determined by heating at 95° to constant 
weight in a vacuum, ammonia being estimated before and after 
til is treatment. Since these cobalt am mine salts of the nitro-dyes 
deflagrate or explode on heating alone, cobalt was estimated by 
gently warming with sulphuric acid in a silica crucible. The 
residue contained carbon except in the case of the picrates. After 
strong ignition, the residual cobalt oxide was heated gently with 
moderately concentrated sulphuric acid, and the metal finally 
weighed as sulphate, 

Chlorine in the complex chlorides was estimated as silver chloride 
produced by digesting tlie organic salt with fuming nitric acid 
and silver nitrate. 

Ck k.mica h Dc r A rtment, 

Univkrsitv oe Birminmoi am, 

BuGBASTOX. h f Jitly \ Uh, 19??. I 


CCVni. — The. Exploftion of AcelijJene and NUrcHjen. 

Part II. 

By Wi[.lia:u Edwahd (Iarnkr and Kichimatsu Matsuno. 

Ix a previous paimr (T,, 1921, 119, 1903), a study was made of the 
fixation of nitrogiui which occurs when thi.s gas is exploded Avith 
acetylene. During this process, the nitrogen is fixed almost 
entirely in the form of Indrocyanic acid, the explosion yielding 
only small amounts of ammonia. The more important reactions 
in the synthesis of ammonia and hydrocyanic acid were shown 
to lie 

(1) If. i X. ; 2(' . - 2H('X 
and (2) Hex \ \ _ i 0. 

Tho values (if Xj in tlic equation A'j - - [HrXj-/[H,,][Xol xvere 
found to vary from 0‘()124 with 4-13 per c<mt. of nitrogen to 0’(K}C0 
with 20-33 per cent, of nitrognui. On the other hand, an empirical 
relationship, [H(’X]:[H.,][X.>p — K^\ licld fairly accurately over 

the range of concentrations inve.^tigated, but no explanation could 
he given of the pljysical basis of tho e<|uation. Further analysis 
showed that another e< pi at ion could be derived from this which 
■was equally ajiplicahlo. It ia possible to replace tlie concentration 
of hydrogen by a factor proportional to the area of the carbon 
surface, for in the experiments proA'iously reported, the atomic 
concentrations of the carbon and liydrogeu in the explo.sion vessel 
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were identical Thus [HCN]/[C][N 2 ]° I'urther experi. 

mental work was, however, necessary before a decision could be 
made as to the relative merits of these two alternatives. 

In the study of the reactions occurring in gaseous explosions, 
the rate of cooling of tlie gaseous products is a factor of considerable 
importance and it w'as desirable to ascertain if K-^ or held 
for different rates of cooling of the gaseous products. The evidence 
already obtained on this point was fairly definite, for in the previous 
experiments the temperature of explosion and the rate of cooUng 
were progressively altered by the addition of increasing amounts 
of nitrogen to the explosive mixture, Avithout producing any varia- 
tions in the value of these constants. Since, however, it was possible 
that this concordance was accidental, further alterations in the 
conditions of firing were made by the addition of hydrogen and 
helium to the mixtures of acetylene and nitrogen. A material 
mcrease in the rate of cooling is brought about by the substitution 
of either of these gases for nitrogen. The thermal conductivities 
of hydrogen and helium at 0° are 0-0003386 and 0-0003270 respec- 
tively, values which are very similar and about six times as large 
as that of nitrogen {0-000057), Although the effect of these two 
gases on the rates of cooling will be almost identical, their effect 
on the temperatures of explosion will be very different. On account 
of the low specific heat of helium, the temperatures of explosion 
will be higher in the presence of this gas than when equal amounts 
of either nitrogen or hydrogen are present. 

The substitution of helium for a portion of the nitrogen was 
found to be without effect on although this constant was 
lowered about 10 per cent, by the addition of 10 per cent, of hydrogen 
(Table II). If, however, the hydrogen concentration in this equa- 
tion be replaced by a quantity proportional to the amount of carbon 
present, as in ~ [HCN] ''[C][N. 2 f where [C] represents the 
atomic concentration per litre of carbon in the bomb, then it is 
found that = 0-079 for all of the experiments within experi- 
mental error. This agreement suggests that the quantities of 
hydrocyanic acid produced in these explosions are practically 
independent of the partial pressures of the hydrogen, being a 
function only of the carbon surface and the nitrogen concentration. 
This case is analogous to those observed by Langmuir {Trans. 
Faraday *§oc., 1922, 17 , 621) in the reactions between hydrogen 
and oxygen, and carbon monoxide and oxygen on a platinum 
surface. It was observed that w-hen either of the two reactants 
was present in excess the velocity of the reaction was independent 
of the partial pressure of this reactant and proportional solely to 
the partial pressure of the other reactant. 
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The more important reactions, occurring on the carbon surface, 
may be written 

(3) 2(=C-H) 

(4) Ng -f 2(-C=) ^ 2(-CHN) 

(5) HCN + (=C-) ^ (3^-H) + (-C=N) 

The reaction between carbon and hydrogen (3) is more energetic 
than that between carbon and nitrogen (4). At 8W, the adsorp- 
tion of hydrogen by carbon is considerable, whereas nitrogen is 
not appreciably absorbed at this temperature.* At high tem- 
peratures {1800 — 1900°, the temperature of chilling of the hydro- 
cyanic acid reactions), the equilibrium density of hydrogen atoms 
in the interface will be established w'ith great rapidity, and it 
seems probable that at high partial pressures the hydrogen atoms 
■srill occupy the majority of the free spaces on the carbon surface, 
and that the density of packing will change only slightly with 
variations in the partial pressure of the gas. If the formation of 
hydrocyanic acid occurs between the nitrogen and hydrogen atoms 
on the surface (5) or on collision between nitrogen molecules and 
the adsorbed hydrogen atoms, then it would be expected that the 
rate of formation of hydrocyanic acid would be practically inde- 
pendent of the partial pressure of the hydrogen, a conclusion which 
is in agreement ^rith the experimental results. 

In order to test these ideas still further, the ratio of carbon to 
hydrogen in the gas mixture was increased by the addition of 
cyanogen to the acetylene. Owing, however, to the incomplete 
decomposition of the cyanogen which was present in the cooler 
regions of the bomb and the production of hydrocyanic acid second, 
arily by the action of hydrogen on cyanogen, it was impossible to 
draw any conclusions from these results. 

An unexpectedly low result was obtained for the percent.age of 
ammonia produced during the explosion of mixtures containing 
helium. In the experiments with an excess of hydrogen the average 
value for [NH 3 ]/[H 2 ]fHCN] — was 0-51, and the mean for 
comparable experiments obtained previously {loc. cii.) was 0*42. 
In the helium series, the con.stant was 0*31, the mean of three 
experiments (see last column, Tabic II}. It is difficult to ascribe 
this result to differences between the rates of cooling, or between 
the temperatures of explosion of the mixtures in the various series. 
Previous work had shown that the alteration in these conditions 
brought about by dilution of the acetylene with nitrogen is without 
appreciable effect on the value of AV 
In view of the work of (Sir) J. J. Thomson, it is possible that 
* Unpublished experiments by Jtr. E. A. Blench. 
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helium acts as a negative catalyst. Positively charged molecules 
of hydrogen with the noble gases are known to exist under the 
conditions prevailing in a positive-ray tube. Tlie formation of 
such a compound between a positively charged liydrogen atom 
and a helium atom would explain tlio negative catalysis. If the 
hydrogen atoms which are active in the production of ammonia 
are positively charged, then the reduction in concentration of 
these atoms, occurring on collision with lielium atoms, would 
lower the rate of production of ammonia from hydi'ocyanic acid 
or from hydrogen and nitrogen. Experimental work is in progress 
to test the.se ideas. 

Vj X P 1] R I M E N T A L. 

In all, three series of experiments were carried out. Mixtures 
containing (1) acetylene, nitrogen, and helium, (2) acetylene, 
nitrogen, and hydrogen, and (3) acetylene and cyanogen wore 
exploded in a splierical vessel at a piessurc of approximately three 
atmospheres. The force of explo.sion, on account of the dilution 
with inert gase.s, wa.s ?i()t sunicicutly great to cause leaks at the 
main joint of the homh, a difficulty which was ox])(‘i‘ic.nccd iji some 
of the earlier experiments. Ko essential modifications liave been 
made in the apparatus (Fig. 2, Joe. cit.) or in the experimental 
procedure, except tiuit it has been found possible to dispense witli 
the bubblers (J. 

(a.) Materiak . — The supply of heliunt was kindly presented hy 
Dr. Travers from a (juautity oihained frtuu Prof, ifoore, of the 
Bureau of Mine.s. This gas was purified ])y pas.sing over heated 
copper oxide and through oocoanut charcoal cooled in li(|iiid air. 
The densitie.s of the gas u.scd in four cxj)crimeiits were 4-OOS, 3*008, 
3*082, and 4 002, respectively. The hydrogen was obtained from 
zinc and sulphuric acid and was ])iirifi(sl over charcoal, surrounded 
by liipiid air. Considerable less oc'Currc<l in this ])rf)('e.ss, until 
the carbon v‘as saturated with hydrogen. Cyanogen, obtained 
by the action c»f licat on dry mercuric cyanide (Dixon, T., I88{i, 
49, 384), was purified by passing over cotton ■wool moistened witli 
silver nitrate and dried over phosplmric oxide, 'The sf)urees (4 
the nitrogen and acetylene ha^■o already been given in a previous 
paper. 

(6) Analysis . — When helium was present in the final gaseous 
mixture, .slight alterations were necessary in some of the analytical 
methods. In the determination of hydrogen hy the copper oxide 
method, owhig to the ready diffusion of IjcHiim through the (piartz 
tube, it was necessary to replace this material b}’' liard gla.s.s. The 
analysis of the residue of nitrogen and helium also pre.sentod some 
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difficulty. These gases were sparked with excess of oxygen in 
order to remove the nitrogen, but the results came out too low. 
On this account it was decided to calculate the percentage of these 
gases in the final mixture from the initial composition. For this 
purpose the density of the helium was carefully determined before- 
hand and accurately known volumes of helium and nitrogen were 
measured into the bomb. 

The cyanogen in the gases was analysed by passing a known 
volume of the gas through a solution of sodium hydroxide and 
titrating the solution with silver nitrate by Deniges’s method. 
The analyses by this method were in good agreement with the 
quantities of cyanogen measured into the bomb. As the gases 
from the explosion of jnixtiircs of cyanogen and acetylene contained 
unchanged cyanogen, it was important to devise methods of 
analysing mixtures containing annnonia, hydrocyanic acid, and 
cyanogen. The followi7ig method of procedure was adopted. 
The gases were passed thro\jgh dilute sidphuric acid {N jlO) and 
sodiuju hydroxide .solutions in a scries of bubblers, the cyanogen 
being converted into a mixture of cyanide ajid cyanato in the 
alkaline .solution. The cyanogen and hydrocyanic acid dissolved 
in the dilute sulphuric acid were di.stilled off into a solution of 
sodium hydroxide and the ammonia in tlie acid solution was 
analysed. It has been .shown previously that hydrocyanic acid 
is not appreciably hydrolysed by this treatment. Experiments 
with eyanuge?! showed that Ics.s thaii 2 per cent, of this gas was 
converted into ammonia during the distillation with sulphuric 
acid. The alkaline solution was titrated for cyanide by Deniges’a 
method. The cyanato in tliis solution was determined after the 
removal of the hydrocyanic acijl by distillation with excess of 
dilute sulpimric acid. T fie r('si([ue wavS treated with more sulphuric 
acid (Wallis, Anriakn, 19(K), 345, 357 ), (fio eyanatc converted into 
ail ammonium salt, and the ammonia, analysed by the onlinary 
methods. 30'()1 C.c. of cyaimgeu gave 2S-()t) c.e. of ammonia and 
-8-08 c.c. of hydrocyanic acid. Part of this discrepancy (b per 
tent.) was caused by polymerisation of the evanogeu in tlie presence 
of mercury in the gas Imrcttc. On accoiint of this discrepancy 
the analysis of the cyanogen in Ww jiiml ga.sos iii Table I cannot be 
relied on to within G per cent, or about 0-02 ]x;r cent, of tlie total 
volume of gases present. T’he agreement between the two values 
for the nitrogen percoiitage shows tliat but little. ciTor can have 
occurred in the analysis of the initial gas mixture. As it was 
decided not to continue tbese e.vjicriments with cyanogen, the 
cause of the loss of 6 per cent, in the above analy.sis was not further 
itwcstigatcd. 
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Results. 

Table I contains the experimental data, the volume of gases, 
and the analyses of the initial and final gases. The volume of 
the gases given in this table is that measured after the explosion, 
this being the more accurate value, since the gaseous products 
are more “perfect” than the gases before the explosion. On 
account of the uncertainty in the values for the compressibility 
of acetylene, the pressures of the gases measured before the ex- 
plosion were made use of only as a rough check on the accuracy 
of mixing of the gases. 

Two series of values are given for the percentage of nitrogen; 
the first is obtained by gas analysis and the second is calculated 
from the percentage of nitrogen originally present in the bomb; 
the nitrogen converted into ammonia and hydrocyanic acid is 
deducted. The former nitrogen percentage is usually somewhat 
higher (column 16), but the latter (column 17) is the more accurate 
and is used in the calculations. 

The acetylene in the final gases varies between 1 and 4 per cent., 
and owes its origin very largely to the amount of the explosive 
mixture which escapes decomposition in the neighbourhood of the 
walls of the bomb. This conclusion is supported by the results 
of the explosions of cyanogen and acetylene. In these experi- 
ments, 2 to 4 per cent, of the cyanogen and the same percentage 
of the original acetylene escaped decomposition. The high per- 
centages of the hydrocyanic acid and ammonia in this series are 
possibly due to direct combination between undecomposed cyanogen 
and hydrogen. 

Comparison of Results. 

The effects of the addition of helium and hydrogen to the gaseous 
mixture of acetylene and nitrogen are summarised in Table 11. 
Here the concentrations of tiic carbon, hydrogen, and nitrogen 
are given in gram-mols. per litre. The values from four series 
are included in this table, (1) the experiments V, VIII, VI, IV, 
and IX of the preceding paper on the explosion of mixtures of 
acetylene and nitrogen, (2) the helium series, (3) the hydrogen 
series, and (4) the cyanogen series. 

(er) The Hydrocumiic Acid Equilihrium . — Tlie effect of the replace- 
ment of hydrogen by carbon in the relation [HCN]/[H 2 ][N 2 ]°'^’ = Ef 
is shown in columns 5 and 6. The modified expression gives values 
for for the first three series which agree within experimental 
error, the mean values being for (1) 0*0803, (2) 0-0790, and for 
(3) 0*0775. The addition of 10 per cent, of hydrogen or helium is 
almost without effect on the latter constant. 
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(6) The Ammonia Equilibrium. -The mean values for [NH3]/ 
fH IIHCN] — K, differ markedly for the different series, 
being 042 for series 1, 0-31 for series 2, and 0-51 for series 3. The 
addition of helium decreases and the addition of hydrogen increases 
the value of K^. The results of the cyanogen are of doubtful 

value. 

Summary. 

Mixtures of acetylene and nitrogen ivith hydrogen and helium, 
and of acetylene with cyanogen have been exploded and the pro- 
ducts analysed. The yield of liydrocyanic acid is given by the 
relation [HCN] = A\‘'(C][N,]" =>’. The constant Aj “ « 

found to hold for the experiments previously reported and for the 
mixtures containing liydiogcn and helium. The concentrations of 
ammonia, produced during the e.xplosion, arc given appro.ximate y 
by the equation [NH3I = A3 ‘le«™ased by the 

addition of helium and increased by the addition of hydrogen to 
the gaseou-s mixture. Helium thus acts as a negative catalyst. 
The mixtures of cyanogen and acetylene gave larger amounts of 
ammonia and hydrocyanic acid than tliose normally obtained; 
this was accompanied by the presence of unchanged cyanogen in 
the gases after tlie explosion. 


Thk Physic.m. CfiEfiiisTRV Labor.^tory, 
University Coeleue, London. 


[A* (ICC I’l-irf, Jnli/ Wth, 1022.] 


CCIX.— The Ad.wrption of Uranium-X and it.i Isolope, 
Thorium, bij Basic Ferric . 4 cc/f(/c. 

By Anurew Charlks Brown. 

The study of the adsorption of radioactive substances is a vabrnbio 
aid to the investigation of the plienoinenon of adsorption on a 
solid surface at a solid-liquid interface. By it one is enabled to 
examine adsorption at that most interesting .stage where the lirst 
layer of atoms or molecules is being laid down. 

The use of dyes in very dilute solution, using eolorimetric methods 
of observation, has met with fair success, b\it by the use of radio- 
active substances it is possible to work with greater accuracy at 
much smaller concentrations. 

ireundlieh's emjiirical formula for adsorption is 

x:m 

Avhero X is the amount adsorbed, ni the amount of ailsorliing sub 
stance, c is the end eoiieentralion in tlie solution, a is an arbitiai} 
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constant the value of which depends on the nature of the sub- 
stances in question and the units used ; 1 Jn, according to Freundlich, 
is always less than 1, generally between 0-1 and 0-5, but it should 
liave a constant value for a given substance, using the same ad- 
sorbent and solvent. The graph log. a;/m (ordinates), log. c (absciss®) 
would then be a straight line, and, provided the same scale is cho.sen 
for ordinates and absciss®, the gradient would equal \jn. 

An examination of pubbshed results, however, throws doubt on 
the constancy of the value of 1/?^. 

Biltz {J3er,, 1904, 37 , 3138) and, more recently, Boswell and 
Dickson [J- Amer. Chem. Soc., 1918, 40 , 1793) investigated the 
adsorption of ar.senious acid by ferric hydroxide. Tlie latter, in 
tlu'ir summary, state ; The logarithmic curves jjlotted from 
our ineasuremeuts, although approximating to .straight liiK^a, yet 
show unmistakably a concavity to the r-axis thus indicating a 
deviation of the adsorption phenomenon from the adsorption 
equation.” Tliat is, over the relatively small range of concen- 
tration examined l)y them, they observed the value of 1/^? to 
increase with decreasing concentration, its average value lieing 
about l/o. 

Experimenting on the adsorption of dyes in very dilute solution 
bv cotton iihre.s, (leorgicwdes observed tliat ^ iibre soiuiion a con- 
stant (Zsigmondy, “('hemislry of Colloids, 1917, p, that 

is, the value of 1 hi is 1 . 

Kitzcl (Z. phijAhil. 1900, 67 , 724) investigated the ad- 

sorption of \iranium-X by charcoal, and buind the valiu' of the 
exponent ] hi to he 1. He also oliserved that the addition of a 
trace td thorium ])revents the arlsorption (d uranium- Now if 
it is acccpt(al that uranium- A and its isotoj)c. tluirium, are not 
separable by an adsor]dion process, the value (d 17/ must decrease 
with Increasing ctuieentrat ion id tlie clement “ atomie number fk)," 
Ijeeause if it remaiiuMl equal to I, iiun ‘using com e/U rat ion would 
not alter tlie ratio of tlu' amnuiit td element adsoibed to that in 
solution. 

Rv cm ploying the isotopy of uranintn- A' and thorium, a method 
suggests its(‘lf for testing the adsorption formula over a very large 
range (d concentration, and with the view (d ohstuving tlie alteration 
ill value <d I///, the following serit's (d (‘xpcriimmts were carried out : 

1, Investigation (d the adsorption of uranium- A from a solution 
oiutaining no thorium. 

2. Investigation id tlie adsoi’fition (d uranium- A from solutions 
containing known small eonc uit rat ions id tlioriiim. 

Vraniuni acetate was used as tlie source id uranium- A', and luisie 
ferric acetate as adsorb/mt. 
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Experimental. 

After many preliminary experiments, it was found best to use 
basic ferric acetate as adsorbent. 

A few drops of a ferric sulphate solution were added to a boiling 
solution of uranium acetate, the acidity of which had been previously 
adjusted, and boiled under reflux for thirty minutes. On boiling for 
a longer period, no alteration in the amount adsorbed was observed. 

It was noticed that if the iron solution was added in the cold 
less uranium -X was adsorbed. This was probably due to the 
colloidal particles in the latter case being larger. 

The advantages of this procedure were that the conditions were 
quite standard and, moreover, after filtration, the solution was 
practically unchanged. 

Preparation of Iron Sulphate Solution. — 12-o Grams of anhydrous 
ferric sulphate were dissolved in 250 c.c. of water with the addition 
of a little sulphuric acid to prevent hydrolysis. One c.c. of this 
solution was taken as unity in the determination of w. 

Preparation of Uranium Acetate Twenty*oight grams 

of uranium acetate, U 02 (C 2 H 202 ) 2 j-Ho 0 , were dissolved in 600 o.c. 
of water and 35 c.c. of dilute sulphuric acid {10 grams per 100 c.c.), 
17-5 c.c. of sodium acetate solution (30 grams per 100 c.c.) were 
then added, and the solution was boiled under reflux for thirty 
minutes. The flocculent matter which appeared was filtered off, 
and the volume made up to 700 c.c. 

Estimation of Total ^-Activity.— Twenty c.c. of this solution 
were diluted with 50 c.c. of water, and 5 drops of a thorium nitrate 
solution (1 c.c. — 0-08 gram of thorium) added. After mixint^, 
0-5 gram of ammonium benzoate was added, and the solution boiled 
under reflux for five minutes. The precipitate of thorium benzoate 
was immediately filtered off by suction on a double layer of ash-free 
filter-paper, about 1 \ inches in diameter, supported on a porcelain 
plate. This was the method adopted for all subsequent filtrations. 

This treatment removed about 98 per cent, of the uranium- X. 

A further treatment wdth 5 drops of thorium solution removed the 
remainder. 

The [^-activities of these precipitates and also of the flocculent 
matter were observed, corrections were made for decay between 
the times of precipitation and observation, and the readings 
standardised by comparison unth a standard of uranium oxide. 

3- Activity of flocculent matter 67’4S div. per mifi. 

„ „ first ppt. 10- 80 

M „ second ppt. - 0-22 


„ 700 c.c of solution ^ 11 02 x 35 = 385-70 


Total 453-18 
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This is the p-activity due to uranium-Z when present in 
equilibrium quantity. 

Removal of Thorium if present .— clear solution {680 c.c.) 
was raised to boiling under reflux, and 1 c.c. of the iron solution 
was added. After boiling for thirty minutes, the solution was 
filtered hot. Scarcely any iron was precipitated owing to its 
slight solubility. A further 1 c.c. of iron solution was now added 
to the boiling solution, which was again boiled for thirty minutes 
and filtered, and a precipitate wa.s now obtained. The treatment 


Fig. 1 . 



iron was repeated sixteen times. This removes any thorium 
which might be jireseut together witli all the uranium-Z. The 
solution was made up to the original volume (6S0 c.c.) and left 
for several weeks to generate uranium- *Y. 

Series /. Thorium Abseut. 

Five hundred and sixty c.c. of this solution were brought to 
boiling under reflux, 5 drops of the iron solution ^sere added, the 
solution was boiled for thirty minutes, and the jiroeipitate of basic 
ferric acetate filtered off. Tln^ treatment uith 5 drops of iron 
solution was repeated six times. 
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The |3-acti\ities of these preeipitRtes were observed. The total 
P-activity due to iiramuin-X was obtained by calculation from the 
decay curve and checked by a determination on a fresh quantity 
of the original solution. 

The equilibrium activity after each precipitation was obtained 
by difference, the amount of uranium-X regenerated between 
experiments being taken into account; this correction was most 
important towards the end of the series, 

The amount of adsorbent was determined with X/200-titanous 
chloride. 

The results arc given in Table T, and the graph log. .r/m, log. c 
in Fig. 1 {ABCD) : m — amount of adsorbent (I o.c. of iron solii- 
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By sucee.ssivc dilution, solutions of thoriimi were prepared uf 
concentrations comparable with that of the uranium-X solution. 
The procedure was to add the df'siivd amount of tlioriuni (con- 
tained in I c-c. of water) to oO e.c. of tlic nraninm-X solution of 
known strength and to lu'.at the inixluo' to the boiling point. Ten 
drops of an iron solution of one-fiftli the original strength were 
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{lien added, and after boiling for thirty minutes, the precipitate 
was liltored off and the p -activity and the iron determined. 

The first addition of thorium was equivalent to 0'2 c.c. of the 
original thorium nitrate solution, which corresponds with the 
number of atoms of uranium-X giving a P-activity represented by 
3-09 X 10^® div. per min, Fifty c.c. of the uranium-X solution 
had a p- activity represented by 24-78 div. per min., so that the 
concentration of the eleuieut “ atomic number 90 was rai.sed by 
the factor 1-49 X 10®. 

The results are recorded in Talilo It and depicted in the grapli 
log. x'/u!., log. c shown in Fig. 1. (The part of the latter euelo.sed 
by the rectangle ABCD is the graph for 8cric.s I.) 

In Table II, T ~ a. o. of the original thorium nitrate solution 
added, p-activity of the adsorbent in div. per min., x ^ 
"j-activity of the element “ atomic number 90 ’’ on the ad.sorbeiit in 
div. per min., ?/i — amount of the ad.sorbcnt (1 c.c. of the original 
iron solution = 1), P- activity, in div. per min., in the filtrate 

(')U C.C.), in equilibrium, and c ^ p-activity, in div. per min., of the 
element atomic number 90 ” per 100 c.c. of filtrate in equilibrium. 

The solubility limit was exceeded when T 2, and a precipitate 
appeared on boiling. The activity of this jirecipitate wa.s observed 
and the solubility limit shown in Fig. 1 obtained by calculation. 
It corresponded with 0-17 per cent, of thorium. 

Table II, 

Series II. Thorium Added. 
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The results were confirmed by rep«>tition. 


Table 111. 

8i'rirH T. Si-rics II, 

1 2 n 4 ('i 7 8 t) 10 n 

^ M-!i; u '.)T u-<jo o-no o-u; o-'.i; ; u s: (r:: u u 

Liniit of nnaly->is by chemical 
mean.'i. 

Rc'iuUs a nd ]) i f.ss io n . 

lor the adsorptioji of uranium-A" in absence of thorium, the 
exponent Ijn was found to bo 1 {Fig. 1). With tlic addition of 



1742 THE ABSORPTION OP BBANIDM-JT AND ITS ISOTOPE, ETC. 

its isotope, this value was at first not afieeted, then, with increasing 
concentration, the value of l/n decreased (Fig. 1), the assumption 
being made that the thorium is divided between adsorbent and 
solution in the same ratio as the uraniura-X. The values of Ifn 
for the respective logarithms of the concentration on the adsorbent 
(x/m) are shown in Table III. 

At the limit of chemical means of investigation, indicated roughly 
by the arrow in Table III| the value of IJn is already well below 1. 
This explains why the addition of thorium prevents the adsorption 
of a detectable amount of uranium' A. 

This seems to indicate that at first the potential capacity of the 
adsorbing surface does not alter, but, with increasing surface 
concentration, after a certain point it becomes weaker and weaker. 
Thus, for very small surface concentrations, the value of the ex- 
ponent wiU be independent of the nature of the adsorbent, solvent, 
or adsorbed substance, and will be equal to 1, but with increasing 
surface concentration the value of the exponent will fail, and the 
greater the surface concentration the smaller will be the value 
of l/n, other factors being constant. The inability to measure 
the surface of the adsorbent used prevents any conclusions being 
drawn as to the thickness of the surface layer, but the general 
inferences are in agreement with Langmuir’s theoretical deductions 
on the adsorption of gases at a surface {J. Amer. Chem. Soc., 1918, 
40, 1361). 

The adsorption curve (Fig. 1) appears to meet the solubility limit 
quite uniformly, but the small activities obtaining at this point pre- 
vent this point from being estabbshed beyond doubt by this method. 

Since the value of the exponent continually decreases once it 
has become less than 1, Freundlich’s adsorption law is strictly 
true only when l/?i — 1, When \hi is less than 1, the law is an 
approximation holding only over relatively small ranges of con- 
centration. This explains the slight deviations observed by Boswell 
and Dickson and others, and shown by the concavity of their 
graphs to the a:- axis. 

The slow rate of change of value of l/ft with increasing concen- 
tration accounts for the constant, fractional values sometimes 
obtained in the investigation of adsorption phenomena. 

Summary. 

1. The adsorption of uranium- A by basic ferric acetate is pro- 
portional to the concentration, and thus the exponent Ijn = 1* 

2. By ‘'artificially” increasing the concentration of uranium- A 
by the addition of its isotope, thorium, the value of 1 /u is at first 
unchanged, but with increasing concentration its value decreases. 
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3 . The fall in the value of the exponent with increasing con- 
centration is in general agreement with Langmuir’s theoretical 
deductions on the adsorption of gases at sohd surfaces, 

4 . The decreasing value of the exponent offers an explanation of 
the deviations observed by Boswell and Dickson. 

5. Freundlich’s adsorption law is strictly true only when the 
exponent equals 1. For values less than 1, the law is only ap- 
proximate, and the comparative constancy of the exponent observed 
by other investigators can be explained by the relatively small 
ranges of concentration over which their observations were made. 

It is intended to carry out similar experiments vdth surfaces of 
known area, and more fully to investigate the part of the curve at 
the solubility Hmit. 

It is a pleasure to acknowledge my indebtedness to Dr. J. A. 
Cranston for his instruction and advice on radioactive measurements. 

Royal Technical College, 

Glasgow. [ Received , June 12/A, 1922.J 


CCX.— TOe Isolation of Muscarine, the Potent Principle 
of Amanita muscaria. 

By H.\rold King. 

The problem of muscarine, initiated more than half a centurj^ ago 
by Schmiedeberg and Koppe (“ Das Muscarin,” Leipzig, 1869), is 
one of great chemical and pharmacological interest. These workers 
isolated from an extract of the Fly Agaric muscana), 

using potassium mercuric iodide as a precipitant, a deliquescent, 
sjTupy base with very powerful physiological properties, arresting 
the frog’s heart in diastole in very small amounts and having an 
action antagonised by atropine. In 1875 Harnack {Arch. Eip. 
Path, Pharm., 4, 168), working in the same laboratory, obtained, 
by fractionation of the bases as chlorides and as aurichlorides, 
choline auric hloride as the main and less soluble constituent, and 
from the mother -liquors muscarine aurichloride. On analysis of 
the latter, he obtained figures for carbon, hydrogen, gold, and 
chlorine in good agreement with C 5 HJ 4 O 2 NAUCI 4 , a substance with 
one oxygen atom more than choline aurichloride. To this substance 
Harnack and Schmiedeberg [ibid,, 1876, 6, 101 ) assigned the con- 
stitution of a hydrated aldehyde, corresponding to choline, 
(CH 3 ) 2 Xc 1 'CH 2 *CH(OH) 2 , This was apparently substantiated by 
the observation that choline, w hen treated with pure nitric acid, 
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gave a “ synthetic muscarine/’ which in ita physiological properties 
and in the analytical values for the carbon, hydrogen, and gold of 
its gold salt and the platinum of its platinum salt appeared to agree 
with those found (in the case of the gold salt) and calculated (i^ 
the case of the platinum salt) for muscarine from A. muscaria. 
’file evidence furnished by the action of nitric acid on choline wus 
corroborated by Nothnagel {Ber., 1893, 26, 801), who described a 
“ synthetic muscarine/’ and in addition the nitrous ester of choline, 
{CH.djNCi'CH 2 *CH* 0 'N 0 , as produced by this reaction. 

On the pharmacological side, however, Bohm {Arch. Exp. Path. 
Pkarm., 18So, 19 , 60) had already shown that the “ synthetic 
imiscavine ” of Schmiedeberg and Harnack was, in reality, far 
weaker than natural muscarine, and, in addition, had a curare type 
of action on the atropinised frog, not shown by natural muscarine. 
This observation was completely confirmed by Hans Moyer [Ptr., 
1893, 26, 801), who used Nothnagel’s preparations. 

In 1914, Kwins {Biochem. J., 8, 209) show’cd clearly that the 
“ synthetic muscarine ” (pseudomuscarinc) of Schmiedeberg and 
Harnack and of Nothnagel was identical with choline nitrous ester, 
the physiological action of this ester being shown by Dale to exhibit 
all those properties attributed to “ synthetic muscarine.” Choline 
nitrous ester and “ synthetic muscarine ” arc, in fact, one and the 
same substance. 

Another complication had meanwhile arisen in the synthesis 
by Berlinerblau {Bcr., 1884, 17, 1141) and by E, Eischer 
{ibid., 1893, 26, 470), by different methods, of betaine aldehyde, 
(CH3)3NC1*CH2*CH0. As might be expected on chemical grounds, 
it had one molecule of water less than the hydrated form of the 
aldehyde, (CH 3 ) 3 NCTCH 2 'CH( 0 H) 2 , ascribed to muscarine by 
Schmiedeberg and Harnack. According to Hans Meyer, the 
physiological action of betaine aldehyde (anhydromuscariue) was 
quite different from those of the natural and “ synthetic muscarine,” 
even 10 mg. failing to arrest the frog's heart. 

Only two workers, Harnack and Nothnagel, claim to have isolated 
natural muscarine from A. musemia in an analytically pure state, 
other workers either failing to find it (Hung, Z. physiol Chem., 1914, 
91 , 241 ; Zellner, Monatsh., 1904, 25, o37 ; 1905, 26, 727) or being 
mainly concerned with its pharmacology (Harmsen, Arch. Exp- 
Path. Pharm., 1903, 50 , 361 ; Honda, ibid., 1911, 65, 454). Harnack 
prepared relatively large quantities of the gold salt, but failed to 
detect any difference in appearance between the choline and 
muscarine aurichloridcs ; in fact, he states that the gold salts of 
both muscarine and chohne crystallise in short or long, prismatic, 
needle-shaped crystals, Nothnagel {Diss,, Marburg, 1893), 
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350 grams of the complex mercuric iodides of the bases of ri . muscaria^ 
avoiding the gold salts owing to the similarity of their appearance, 
obtained, by prolonged fractionation of the platinum salts, 0-5 gram 
of muscarine platinichloride, crystallising in minute octahedra, 
identical in appearance witli synthetic muscarine ” platinichloride 
(now known to be choline nitrous ester). On drying at 100°, the 
platinum salt showed no loss. Nevertheless, Nothiiagel, having 
determined tJie platinum content by an indirect method of analy.sis, 
ascribed to the platinum salt the constitution 

[(CH3)3NCl'CH2-CH(OH)2l2Pt0l4,2H2O. 

Xhis is identical with the formula given by Schmiedeberg and 
Harnack to the platinum salt of “ synthetic muscarine,’' and 
based by them on the platinum content and on a loss corresponding 
ttith SHgO at 130 — 145°. Nothiiagel then prepared the gold salt 
from the platinum salt and found that it crystallised in small leaflets. 

It will be seen that the combined labours of chemists and 
pharmacologists had rendered untenable the consUiutim assigned 
by Schmiedeberg and Harnack either to natural muscarine or 
“synthetic muscarine.” On the other hand, Nothnagel’s analyses 
of natural muscarine might be interpreted as supporting Harnack ’s 
f(yrmula, C^H^^OgNCl. Attempts have been made by Schmidt and 
Bode {AnTialfin, 1892, 267, 268), Noth n age 1 {loc. cit.), and Ewins 
{Biochem. «/., 1914, 8, 366) to synthesise muscarine by the prepara- 
tion of quaternary bases of this formula, or. substances of a different 
formula but related to choline. The attempts, whilst producing 
substances of great pharmacological interest, have failed to produce 
a quaternary base having a muscarine action, but devoid of the 
nicotine-curare type of action, which is not present in natural 
muscarine (Dale, J. Fharm. Expt. Ther., 1914, 6, 147). 

To the present author, it appeared that the only hope of further 
progress lay in another attempt to prepare natural muscarine, 
avoiding, if possible, Schmiedeberg and Koppe's precipitant, 
potassium mercuric iodide. This is not a really efficient precipitant, 
as many as three or four precipitations being necessary* on the same 
liquor, intermediate removal of dissolved mercuric and iodide 
ions. The decomposition of the ]>rocipitato, moreover, is a tedious 
and complicated proce.ss. In addition, rigorous phv.siological 
control at each step was a ■sine qua /ion, in order to a\oid loss of 
active material, either by decomposition or [neclianically, as the 
amount of muscarine in A. /nu^caria was believed to bo very small. 

Tlic method employed is given in its es.sential details in the 
experimental portion, the main lines being indicated hero. The 
isolation of muscarine depends on its solubility in absolute alcohol, 
on its immunity from precipitation by basic lead acetate or 
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coUoidal iron. It was only partly precipitated mth choline by 
aqueous mercuiio chloride in neutral solution. A ^ 

Soportion was precipitated by alcohoUc mercuric <=Monde ana 
a fmther quantity by repeating the process a^^ter >“*6™®** 
removal of some inhibitory substances PinaUy the TOidual 
muscarine was completely precipitated hj 

Muscarine can also be precipitated completely by saturating with 
mercuric chloride in alcoholic solution, in the absence of inhibitory 

'“^“ribution of active material is shown by the following 
table : 

A Vir.! ^Iroholic Second alcoholic rhosphotungstie Total 

Aqueous alcoholic recovered. 

HgCl,ppt. HgCh Ppt. h, 

14 % 34 % 

The combined precipitated bases thus obtained consist chiefly ol 
choline and muscarine in a ratio of the order of 20 
by one or more substances, of which one. at least, is hevoro atory. 
The major portion of the choline was separated by fractionation as 
the d-hydrogen tartrate from 95 per cent, alcohol by Honda s 
method, which is diflficult but efficient. I ractionation was then 
continued by means of the aurichlorides, choline aunchlonde being 
again the less soluble. From the mother-hquors muscarine aun- 
cUoride was Anally isolated in large, delicate leaflets, totaUy distme 
from choline aurichloride, and from Harnack s 
muscarine aurichloride, but not inconsistent with Nothnageh 
description. On analysis, it was found to contain 38 per cent, of 
S r reas Harnack and Nothnagel found IS-O and 42-9 per cent., 

'"fhernin be Attle doubt that Harnack’s muscarine aurichlorkle 
was choAne aurichloride contaminated with muscanne aunchlonde, 
which, the physiological test incAcates, is not easy to remove 
completely from choline aurichloride. His descnption of Ih 
auric^hloride confirms this. .Moreover, it seems un ikely tha 
Harnack could have had the very large amounts of real muscarine 
aurichloride used in his analyses (tiie weight of his starting ma ria , 
fresh or dry A. muscaria, is unfortunately not recorded), amounting 
to more than 8 grams. The present investigation has shown, by 
two different physiological methods of assay, that 2o-o “ 
freshly-gathered A. muscaria contain only 04 gram of 
chloride, and Nothnagel, from many hundredweights of 
material, could isolate only 0'5 gram of platinum salt It is f 
to be noted that Harnack has recorded the activity of his pure g 
salt, 1/20 to 1/30 mg. of muscarine chloride being required o 
the frog’s heart in diastole, a value in agreement with 
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Schmiedeberg and Koppe, whose muscarine, according to Hamack’s 
own showing, consisted of choline and muscarine with no attempt 
at their separation. The activity of the muscarine chloride now 
obtained pure is far in excess of this, only 1/500 rag. being required 
to stop the frog’s heart in diastole, a value in agreement with 
Honda’s estimate. If, then, as now seems certain, Hamack never 
had muscarine in even approximately pure condition, the edifice 
raised with so much labour on the basis of his analyses is deprived of 
its foundations. 

Nothnagel s claim to the isolation of pure muscarine is more 
difficult to disprove. Neither he nor Hans Moyer gives any record 
of its physiological activity. The platinum value of his platinum 
salt, for which he unjustifiably assumes a content of a parallel 
assumption in the case of synthetic muscarine ’ {choline nitrous 
ester) having led him into serious error, is not in agreement ^vith 
his value for the gold salt. His description of the gold salt of 
muscarine, as small leaflets, agrees with that of the present author, 
but he apparently attaches no importance to the discrepancy 
between this description and that given by Hamack, according to 
whom choline and muscarine ain-ichlorides are identical in crystalline 
form. 

Muscarine chloride has therefore a molecular or equivalent weight 
of the order of 210, whilst that of choline cliloride is 137. lAIuscarine 
is not of the same order of simplicity as choline ; there is no evidence 
for the accepted formula with one oxygen atom more than choline ; 
it must be classed with alkaloidal bases of greater complexity, and 
there is no satisfactory evidence that it is a quaternary base. Fortu- 
nately, it appears to bo very stable. It is not adsorbed by charcoal 
or kieselguhr, and its activity is unchanged after boiling with 
decinormal acid or alkali. The stability to alkali shows that it 
Lannot be an ester of cholitie, some of which are intensely active. 
Arecoline, the methyl ester of .V-mcthyltetrahydronicotinic acid, 
has a powerful muscarine- like action, but loses the wffiole of its 
activity after a few minutes’ boiling with decinormal alkali. 

I am indebted to L)r. H. H. Hale, h .K.S., for suggesting a simple 
means of following the distribution of the physiological activity 
during the many chemical oi>eratio!is necessary for the isolation of 
muscarine, by observing the effects on an isolated loop of rabbit’s 
intestine . Without such control the isolation of muscarine would 
have been well-nigh impossible. I am also indebted to Dr. Dale 
and to Dr. J. H, Burn for carrying out the numerous physiological 
estimations required and for determining the limits of activity of 
pnre muscarine chloride. 

an isolated loop of rabbit s intestine, muscarine chloride 
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produces a slightly sub-maximal contraction at a dilution of 1 in 
67 millions, a dilution of 1 in 600 millions producing an appreciable 
effect. On the same organ, it is about seven times as active as 
arecoline and five times as active as acetylcholine. 

On perfusion througli the toad’s heart in May, it caused stoppage 
in diastole at a dilution of 1 in 15 millions and a distinct inhibitioji 
at a dilution of 1 in 75 millions. It is also more active than acetyl- 
choline on the toad’s heart, 1 in 10 millions of acetylcholine faiUiig 
to stop the same heart. 

Both methods of assay agreed in assigning a content of 0-4 gram 
of muscarine chloride to the extract from 25-5 kilos, of fresh A. 
muscaria. 

On the frog's heart in ilay, muscarine is somewhat less active 
than on the toad's heart. On perfusion, a dilution of 1 in 9-5 
millions stopped the heart in diastole, and on subcutaneous injection 
into the lymph sac of the frog O' 0001 mg. per gram of frog was 
sufficient to stop the heart in diastole. Honda gives figures in 
almost exact agreement with these. 

Experimental. 

As a result of prelimiuar\' o.xperimcuts in 1919 on the best 
method of preserving the ])hvsiological activity of A. 'musemk^ 
with a view to the eventual isolation of the active principle, it was 
found that the cleanest extract and one containing the maximum 
amount of muscarine was obtained by placing the fresh fungi into 
spirit without previous drying. At elevated temperatures, drying 
appeared to cause loss of activity, whilst drying in a vacuum at 
the ordinary temperature preserved the activity, but gave deeply 
coloured extracts. 

Tw'enty-fiive and a half kilos, of fresh A. muscaria, collected in the 
birch w'oods in the neighbourhood of Loudon in October, 1921, were 
put straightway into spirit, kept for a fortnight, and the spirit was 
decanted off and replaced by fresii spirit. The first and second 
extracts were cotnbined ajid the fungi thoroughly pressed in a 
tincture pres.s. The alcohol was removed under reduced pressure 
at a temperature below 50^, and the fat removed by ether extraction. 
Of the aqueous liquor, volume 225(1 c.c., 2 o.c. w^ere diluted to 200 
C.O., heated at 1()0" to sterilise, and kept as a standard of reference 
for tracing the later di,stribution of the physiological activity due 
to muscarine, The main bulk of aqueous liquor was concentrated 
under reduced pressure, at a temperature below 50°, to a viscous 
®yr(ip> 3.nd the latter thoroughly extracted with successive portions 
(about 5 litres in all) of absolute alcohol at 50^ The major portion 
of the muscarine was found by phy.siological assay to have passed 
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into the alcohol. Although the main bulk of syrup containing 
sugars and other inactive material had been removed, a considerable 
quantity of substances insoluble in absolute alcohol was contained 
in the alcoholic extract owing to the inevitable presence of water. 
After a long and tedious series of operations, in which the residues 
obtained on removing the alcohol and as much water as possible 
below 50® were thoroughly re-extracted with fresh absolute alcohol, 
also at temperatures below 50® (higher temperatures were found to 
yield erapyreumatic substances which gave highly coloured solutions), 
and the residues therefrom were again and again submitted to the 
same treatment, so as to avoid loss of activity, a viscous syrup was 
finally obtained which was completely soluble in a large volume of 
absolute alcohol and when dissolved in 500 c.c. of water gave a 
bright yellow liquid with a green lluoresccncc (compare Ilarmscn, 
Arck kxpt. Path. Phann., 1903, 50, 378). 

The aqueous solution was treated with 837 c.c. of colloidal iron 
solution (5 per cent. ^' 6203 ), the precipitate removed, and the filtrate, 
after concentration to 400 c.c,, treated with a slight excess of basic 
lead acetate solution. After till ration and removal of the lead as 
sulphide, the filtrate was concentrated to a syriq), an extract made 
of the syrup with absolute alcohol, and finally an a(iucou.s solution 
of the alcohol -soluble material. Again most of the muscarine 
present in the original extract w’as pre.sent in the purified .solution. 

The aqueous solution (125 c.c.) was treated with a litre of saturated 
mercuric chloride solution and kept l)e]o\v tr over- night. The 
precipitate, mainly crystalline (dioline mercurichloride and about 
50 grains in weight, wa.s collected and extracted with successive 
portions of hot water, and filtered from amorphous matter, until 
the filtrate gave no reaction for chloridion. The mercury in the 
precipitate was removed as sulphide, and the filtrate therefrom, 
when tested physiologically, contained 14 per cent, of (lie original 
active material. The solution ooiitaining the main bulk of active 
material non-precipi table by aqueous mercuric eldoride was freed 
from mercury as .sulphide, from excess of liydrochloric acid as 
sodium chloride, and an alcoholic extract made. This was con- 
centrated to 80 C.C., and 30t) e.c, of saturated alcoholic mercuric 
chloride added together with 00 grams of finely powdered mercuric 
chloride. After keeping below 0 '' for a few days, the pirccipitatc, 
mainly crystalline, was collected and worked up as described for 
the first aqueous mercuric cliloride precipitalioii. The muscarine 
precipitated in this alcoholic mercuric eldoride fraction was 34 per 
of the original active material prc'sent. 

52 per cent, of the muscarine was still unprecipitated by 
Mercury salts, it appeared possible tliat the sodium acetate arising 
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from the process of neutralisation after removal of the lead from the 
basic lead acetate solution was partly responsible, espmaUy a, 
aodium acetate is known to inhibit the F-Pitation o cholme by 
mercury salts (Smorodinzeff, 2. vh^'ol. Ckem 912, 80 218) 
The soLion after removal of mercury was ^^efore neut ahsed 
and freed from sodium chloride by extraction inth Joho 

the alcohol removed, and the residue dissolved in water (100 c.c.). 

A solution of colloidal iron was added as ong » 
tation occurred, 280 c.c. being required in all. The filiate w a 
neutralised with sodium carbonate solution and an extract made of 
the dried residue with absolute alcohol, llie concentrated a cohohe 
solution, 25 C.C., was treated with 270 c.c. o. hot saturated alcohol^ 
mercuri; chlonde solution, and on keeping for sevora days below 0 
there was a copious deposition of solid niateriah The liquor 
moreover, set to an alcogel, which disappeared with slight rise of 
temperature. The precipitate was collected and was found to 
contain a further 15 per cent, of the original active material. 

The filtrate was freed from mercury as sulphide and precipitated 
in 5 per cent, sulphuric acid solution (100 c.c.) with 120 c.c. of a 
30 per cent, solution of phospliotnngstie acid m o per cent, .sulphuric 
acid solution. A small resinous deposit alone was obtained which 
contained the whole of the reiimining actrve mateial, the filtrate 
being inactive. The precipitate was readily freed from phospho^ 
tungstic acid by treating with 100 e.e. of 5 ],er cent, sulphuric acid 
solution, and extraction of tlie free pliosphotungstic acid by succes- 
sive portions of an ether-aiiiyl alcohol mixture (2:1) (eompaiv 
Jacobs, J. Bid. Chem., 1912, 12, 429). The mu.scaniic found in 
this precipitate was 17 per cent, of the original. 

The Phosphotungstk Add rndpitfile. -This fraction, containing 
17 per cent, of the iiiuscariiie, was somewliat coloured, weig e 
about 2-5 grams as chlorides or hydrochlorides, and "’as liew 
rotatory. When treated in solution in absolute alcohol with hot 
saturated alcoholic mercuric chloride solution, the whole of he 
muscarine was precipitated, hut on removal of mercury from the 
precipitate and filtrate and of excess of hydrochloric acid as sodium 
chloride, the relative weights of precipitate and non-preciphable 
were O’o and T8 grams and their rotations [o[]„ - 10° and 
Optical examination of other physiologically active fractions showe ^ 
lisvorotation in all cases, but no iiarallelisrii between optical ac m ) 
and physiological action. , The 

Fracliomiion of Choline and Munmrine as Tartrates. ^ 
liquors from the first two mercury precipitations containmg 
major portion of the choline and about 50 per cent, of the 
were combined, freed from excess of chloridion as sodium clilon , 
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and the chlorides of the bases present converted into carbonates by 
excess of silver carbonate. The carbonates were then converted 
into the d-hydrogen tartrates, and the choline isolated as' choline 
(i- hydrogen tartrate by concentration of the aqueous solution to a 
thin syrup at 50® and addition of a large volume of hot absolute 
alcohol in such a way that the syrup passed into solution and the 
dilution of the alcohol was about 95 per cent. Oily drops tended 
to separate on cooling, but on keeping over-night below 0® were 
replaced by crystalline choline d-hydrogen tartrate. By repeating 
the treatment on the mother-liquors a few times and recrystallising 
the choline d-hydrogen tartrate by the same technique, the major 
portion of the choline (15 grams of d-hydrogen tartrate) was isolated 
crystalline and the whole of the muscarine remained in the uncrystal- 
lisable syrup. 

Fmdiomiion of the Gold Salts of Choline and Muscarine. — Pre- 
liminary experiments with the uncrystallisable tartrate liquor 
containing the muscarine and some choline and other bases, and 
gold chloride, coupled with physiological control, showed that the 
muscarine tended to remain in the mother- liquors and to separate 
in the later oily fractions of gold .salts, which slowly solidified. The 
presence of tartaric acid caused much reduction of gold and also 
inhibited crystallisation of the gold salts. In later fractionations, 
tartaric acid was first completely removed as normal sodium tartrate, 
which is insoluble in absolute alcohol. 

The separation of choline and muscarine gold salts was effected 
as follows. The choline and muscarine chlorifles and chlorides of 
other bases present were dissolved in 2 per cent, hydrochloric acid, 
treated with slight excess of 30 per cent, aqueous gold chloride 
solution, and concentrated to a suitable volume. The successive 
crops of clioline aurichloride Avhicli separated were all accumulated 
and mixed so long as they remained wholly crystalline and composed 
of transparent crystals. Crude muscarine aurichloride as a rule 
tends to separate in quite easily distinguishable pale yellow nodules 
or aggregates. Even under the |-inch objective of a microscope 
no deiinite crystalline structure was visible. By picking out these 
warts or using other mechanical means of separation, about 0 5 gram 
was obtained. This was recry stalliscd from dilute acid with 
addition of a few drops of gold chloride solution and gave 0*29 gram, 
crystallising similarly, but with a slight improvement, as under 
the }-inch objective a few' leaflets were visible. A second crystalli- 
sation gave a homogeneous crop of glistening, delicate leaflets of 
comparatively large size. The weight of pure muscarine auri- 
chloride was 0‘09 gram. 

For analysis, the micro- analytical method with use of the 
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Kuhlmann micro- balance proved satisfactory. The method wag 
first checked on choline aurichloride. Owing to the importance of 
the results they are given in detail. 

For choline aurichloride : t 

Macro-analysis 0’177G gave 0*0785 Au. Au ^ 44*20. 

Micro -analysis 0*01031 ,, 0*00455 Au. Au — 44*13. 

0*01231 „ 0*00545 Au. Au - 44*28. 

C^Hj^ONAuClg requires Au 44*49 per cent. 

For muscarine aurichloride : 

0*01080, dried at 95-^100°, lost 0*00002. 

0*01078, dry, gave 0*00416 Au. Au — 38*6 per cent. 

From the mother- liquors, after many more fractionations, a 
further 0*034 gram of muscarine aurichloride was isolated, crystal- 
lising as before in homogeneous, delicate leaflets. On micro-analysis, 
0*01505 gave 0*00591 Au, whence Au 37*8, a value of the same 
order as tliat obtained ^\ith the previous preparation. The mean 
of these gives an valent or molecular weight of muscarine 
chloride of the order of 210. 

Comparison of Choline and Muscarine.- -WiWi phosphotungstic 
acid, both give a voluminous, white precipitate. With Mayers 
reagent (potassium mercuric iodide), choline gives a crystalline 
precipitate, wliilst muscarine gives an oily salt soluble in excess of 
the reagent. With a very concentrated solution of mercuric iodide 
in potassium iodide, choline gives an oil which rapidly crystallises 
in needles or octaheclra, soluble in excess of the precipitant but 
rcprecipitated by dilute sulphuric acid; muscarine, however, gives 
yellow, oily drops very readily soluble in excess of the reagent and 
reprecipitated as an oil by dilute acid. With platinum chloride in 
aqueous solution, choline gives on concentration prisms or rhombs, 
whereas muscarine gives on concentration octahedra, cubes, and 
tetrahedra. Unlike choline, muscarine gives no precipitate with 
aqueous mercuric chloride. With iodine in potassium iodide, both 
give dark-coloured, oily drops, and witli bromine water a finely 
divided precipitate which rapidly disappears. From a moderately 
concentrated muscarine chloride solution, solid sodium hydroxide 
sets free a pale yellow oil which, apparently, is not taken up by 
chloroform. On heating, a basic vapour with an odour of decaying 
fish was evolved, but not a pure triiuethylamine odour. 

Other Constituents of A. nmsearia. — On removal of the ether from 
the ethereal solution of the fat from .4. ynuscariay a crystalline 
substance separated at the boundary of the fat and separated water 
phase. The .solid was collected, weighed 0*25 gram, melted at 
159 , and gave the phytosterol colour leactions, The crude 
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material, dried at 100®, lost 4*5 per cent, and gave [ajp — 103® in 
chloroform (c = 0*48). It was acetylated, and then melted, after 
crystallisation from alcohol, from which it separated in glistening 
leaflets of indefinite shape, at 170—172®. On hydrolysis and 
crystaEisiltion from alcohol, it separated in glistening leaflets and 
melted, when dried at 00®, at 158—159®. The amount of material 
for analysis was only 0*089 gram. It lost 4*5 per cent, on drying 
and then gave C = 83’3; H = 11*0, whereas C 26 H 40 O requires 
C = 84*7 ; H = 10*9 ; CggH^O requires C = 83*8 ; H = 11*9 per 
cent.; C 2 oH 4 oO,H 20 requires HgO = 4*7 per cent. The substance 
agrees well with Tanret’s ergosterol from ergot and amplifies the 
observations of Zellner {Monaish., 1905, 26, 727) on ergosterol in 
, 4 . muscaria, A comparison was made of the colour reactions of 
this ergosterol and its acetyl derivative with those of pure cholesterol 
and its acetyl derivatives by the Hesse-Salkowski, Liebermann, 
and Deniges reactions. Ergosterol and its acetyl derivative were 
in each case more reactive than cholesterol and gave different colour 
reactions, and moreover, when heated at 95—100®, the solids 
became coloured. These ohsei^vations arc probably traceable to 
the increased number of unsaturated linkings in ergosterol (McLean 
and Thomas, Biockem. J,, 14, 1920, 491). 

During the extraction of the alcohohsoluble material from the 
main bulk of syrupy material from . 1 , mmmria by hot alcohol, 
S 3 rrupy deposits were obtained, on cooling, ^:■hich occasionally 
contained cryvstaliine material. Three suhstancc-s were readily 
isolated pure, potassium chloride, /-leucine, and mannitol. /-I.^ucine 
gave [a]i, — 8 * 1 ® in water (c — ()•;)), volatilised partly at 295®, and 
decomposed between 298® and 305® according to the rate of heating 
(Found ; N — 10*6. requires N ^ 10*7 per cent.}. 

/-Leucine has previously been recorded as occurring in this fungus 
by Ludwig {Jahresbn. Chem., IS 02 , 510). Mannitol has not 
apparently been recorded as occurring in A. mu'^caria. It was 
obtained in quantity and identified by comparison with an authentic 
specimen. Tn the presence of borax its aqueous solution showed a 
dextrorotation, proving the mannitol prc.sent to be hvvorotatory. 
A.11 attempts to isolate trehalose, the parent substance of mannitol 
in fungi and known to occur in A. were fruitless. 

Fumaric acid was found in the basic lead acetate precipitate, 
confirming a similar observation by Zellner. Its isolation in a 
clean condition is best effected by extraction with other. 

DePARTME.VT of niOCHKMIijTIlV AM> Pn.^KMACOLOiiV, 

The National Jnstiti te vor Mkhical Kesfarcm, 
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CCXI.— 27ie fi-Ghlorovinylarsines. 

By Frederick George Mann and William Jackson Pope. 

Acetylene is absorbed by arsenic trichloride in presence of 
aluminium chloride, and from the product, after treatment \vith 
water, three substances of novel types may be isolated, namely, 
p-chlorovinyldichloroarsine, CHCliCH-AsClg, p^'-dichlorodivinyl- 
chloroarsine, (CHChCHlgAsCl, and pp'^''‘trichlorotrivinylarsine, 
(CHChCHljAs. A brief description of the reaction involved and 
of the properties of the products has been given by Green and 
Price (T., 1921, 119, 448), and the results of a fuller examination 
of the chlorovinylarsines are recorded in the present paper. 

The mixture of the three above-named arsines, prepared as 
described by Green and Price, was carefully fractionated with the 
aid of a long glass column packed ivith short sections of glass tubing 
in imitation of the Raschig ring dephlegmator. The pure com- 
ponents thus separated have the fallowing boiling points : 

p-Chlorovinyldichloroarsine : 76 — 77°/l2-5 mm. and 82°/16‘5 mm. 

jSp'-Dichlorodivinyichloroarsine : 108 — lOO'^/lO-o mm., 116— 
117715 mm., and 120—121717 mm. 

13|5'j3"-TrichlorotrivinyIarsine : 139— U0°/13 mm. and 144716 
mm. This substance crystallises on cooling in long, white needles 
which melt at 23'’. 

These three arsines are converted by oxidation into the corre- 
sponding quinquevalent arsenic compounds. The ^-chlorovinyl- 
arsinic acid, CHCKCH*AsO(OH) 2 , obtained from the primary 
dichloroarsine, gives a mono -ammonium salt; the pp'-dichloro- 
divinylarsinic acid, (CHCl!CH) 2 AsO(OH), formed from the secondary 
chloroarsine, gives a well-defined nitrate together with stable 
metallic salts, whilst the oxidation product, (CHCKCH) 3 AsO, oi 
the tertiary arsine yields a crystalline nitrate, but does not behave 
as an acid. The latter oxide corresponds with the arsine dibromide, 
(CHCi:CH) 3 AsBr 2 , and the mothiudido, (CHCi:CH) 3 As(CH 3 )l, 
described below. 

The tertiary arsine condenses with chloramine T, yielding a 
product of the constitution (CHCi:CH) 3 As:N-S 02 -CgH 4 ‘CH 3 ; this 
compound is of a novel type, containing the grouping ^AsIN", 
and may be termed an “ arsylimine ” from its analogy to the 
sulphimines, containing the group —SIX — , w'hich we have recently 
described (this vol., p. 1052). The tenacity with which the arsyl- 
imine retains one molecular proportion of water arouses the sus- 
picion that it may contain the saturated grouping, /As(OH)*NH'”- 
The behaviour of the tertiary arsine towards platinic, palladous, 
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and auric chlorides is of interest. Cahours and Gal {Gomft. rend.^ 
1870, 70, 897, 1380 ; 71, 208) found that tri ethyl phosphine reacts 
with platinic chloride, yielding two isomeric pi at i nochlorides, of 
tlie composition (EtjPjgPtClg, both of which combine with more 
of the phosphine giving the platinichloride, {Et3P)4PtCl2 ; they 
obtained an analogous set of compounds with triethylarsine and 
platinic chloride and sliOAved that triethylursine yields the com- 
pounds (Et3A3)2PdCl2 and Et3AsAuCl with palladous and auric 
chlorides, respectively. 

We find that pp'(3''-trichlorotrivinylarsine behaves like triethyl- 
areine towards palladous and auric chlorides, yielding the sub- 
stances [(CHChCHjjAsJgPdClg and {CHCl!CH)3AsAuCl, but that 
its behaviour towards platinic chloride is different. Wo have 
obtained two compounds which analysis shows to correspond 
^vith the formulae [(CHCKCHjgAslgPtfCHICHCljg and 

[(CHCi:CH)2AsCl]2[(CHCi:CH)2As*OH]2PtC]2; 
if these constitutional formulae arc correct, and this we cannot yet 
assert, the substances correspond in type of constitution w’ith the 
dethylphosphinc and triethylarsine platino- and platini- chlorides 
)f Cahours and Gal. 

E X P P: R I JI K N T A h. 

^-Chlorovinylarsmic Acid, CHCKCH'AsO(OH)2. — p-Chlorovinyl- 
dichioroarsinc is vigorously oxidised w’hcn warmed with an equal 
volume of concentrated nitric acid; tlio oxidation sets in spon- 
taneously in the cold, and the resulting solution, when chilled and 
scratched, deposits ^-chloyovini/Iarsinic acid as a mass of colourless 
crystals. The acid crystallises from a mixture of acetone and 
carbon tetrachloride in long needles melting at 130^ (Found : 
Cl = 19*1, C2H^03 CIA.s recpiires Cl — 19*0 per cent.). 

When the acid is’heated in a vacuinu at 110 — llo^ it loses one 
molecular proportion of water, giving the corresponding anhydride, 
^fi-chlorovinylarsinic oxide, CFlCIlCH*As02 (loss found — 9-68. 
IH.p requires 9*66 per cent.). The anhydride forms a fine, white, 
hygroscopic powder and decomposes violently^ at 242° (Found : 
Cl = 20*7. O2H2O2CIAS requires 01 — 21*0 per cent.). All 
attempts to recrystallise it resulted in the production of the original 
acid. 

The mo7io-ammomum salt, CHCKCH*AsO(OH)*0*Nll4, cry’stallises 
on evaporating an ammoniacal aqueous solution of the acid and 
IS obtained in six-sided plates or in long needles; it molts at IfiS*^ 
^ith decomposition (Foiuid : 01 = 17*4; N = 7*0. O2H7O3NOIA3 
requires Cl = 17*4 ; N = 6 9 per cent.). 

were unable to prepare |3-chlorovinylarsenious oxide, 
CHCLCH'AsO, by hydrolysing the corresponding chloride with 

3p*2 



1756 MAN2f AJTD POPE ; THE p-CHLOROVINYLARSINBS. 


potassium carbonate or dilute sodium hydroxide in the cold, only 
arsenious acid and acetylene being obtained, as indicated by the 
experiments of Green and Price. On treating the chloride 
carbon tetrachloride solution with hydrogen sulphide, hydrogen 
chloride is evolved and a viscous liquid deposited; the latter is 
purified by solution in carbon disulphide and evaporating, when a 
pale>yelIow, viscid liquid with a strong garlicdike odour results. 
This substance solidifies to a hard resin on strong cooling, but 
could not be induced to crystallise ; analysis showed it to be the 
impure ^-cklomvinijlarscnious mlphide-^ CHCi!CH*AsS, but no 
satisfactory method for purifying it was found. 

-Dicklorodiviniflarsi flic Acid, (CHCKCHl^AsO’OH, — Green and 
Price obtained a cr 5 'Stalline oxidation product, melting at 97“, 
by the action of nitric acid on pp'-dichiorodivinyichloroarsine; 
the preparation v as repeated, the solid product being reorystallised 
from chloroform, The colourless, needle-shaped crystals thus 
obtained melt at 99"^ and consist of ^^'’dicklorodivinylamnic acid 
nitrate, (CHCi:CH) 2 AsO-OHTL\(\ (Found: Cl -24-3; N = n 
requires Cl — 24-1 ; N ^ 4-8 per cent.). 

This salt seem.s to resist hydrolytic dissociation, but is decom- 
posed when dissolved in water, with the aid of alcohol, and treated 
with sufficient standard sodium hydroxide solution to neutralise 
the nitric acid present; on extracting the aqueous solution with 
chloroform and evaporating the extract, the free ^p'-dichloro- 
divinylarsinic acid, (CHCI.*CH) 2 AsO*OH, remaii\s as a crystalline 
mass. The acid cry.stallises in colourle.ss needles from carbon 
tetrachloride containing a little })enzene, and melts at 120^^ (Found; 
Cl = 30-8. C^H-OnCijAs requires Cl = 30-7 per cent,). The 
ammonium salt canmjt be prcjiared in aqueous solution, but on 
evaporating an aqueous akoholie solution of the acid with the 
equivalent quantity of caustic j)otasli solution, the potassium salt. 
(CH Cl *C H )2 A.S 0 ■ 0 K ,4H 2 0 , c n s t a 1 ) i .ses in colourless plates {Found : 
K = 11-4; Cl — 20-8, C^H^AlgCl.AsR requires K — 11*5; Cl = 
20 ‘8 per cent.). The crystal.-^ melt at 40'’ and (when kept in a 
vacuum over phosphoric oxide for jcvoral days) yield the anhydrous 
salt as a white, hygroscopic powd('r melting at 158*^ with decom- 
position (Found : K 14-7: Cl -- 2tM. C^H^OaCUAsK requires 
K = 14’5; C! = 264 per ctml,). 

The sodium salt, (CKCKCH)2.\.s0*0Ma,4H20, prepared in a 
similar manner, forms small, eolourles.s plates melting at "O' 
(Found: Na = 7*1. requires Na = 71 

cent.). Dr. H. H. Dale, F4{4.,“of the National Institute for 
Medical Research, reports that this substance has no effect of any 
importance on Trypajwsoma equiptrdum infection in mice, 
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^p'-Dichlorodivinylchloroarisine yields a clear solution when 
boil^ ill aqueous solution with the equivalent quantity of chlor- 
amine T; only pp'-dichlorodivinylarsinic acid and j:>-toluene- 
suiplionamide could be isolated from the solution. The oxide 
corresponding with the chloroarsine could not be prepared by 
treating the latter with the calculated quantity of caustic alkali ; 
in light petroleum solution, the chloroarsine yields a granular, 
orange-red precipitate on addition of one molecular proportion 
of bromine, but this perbromide give.s off hydrogen bromide when 
separated and exposed to the air. 

2 >^'^"-Tricklorotrmnylhydroxyarmium Sifrate, 

{Chci:ch)3As(OH)-no3. 

_pp'j 3 "-Trichlorotrivinylarsine is attacked violently by nitric acid 
and it is desirable to oxidise it in quantities of not more than 
2 grams by cautious warming with an equal ^^olurae of concen- 
trated nitric acid in a capacious flask ; a mass of colourless crystals 
is deposited on cooling, and this product, when crj^stallised from 
a little chloroform, separates in small needles melting at 103“ 
(Found: Cl = 3T3; N = 4-1, CgH 704 NCl 3 As requires 01 = 
314; N ™ 44 per cent.). When the hydroxy-nitrate is treated 
in aqueous solution with an equivalent of caustic soda, the solution 
extracted with chloroform, and tlie chloroform extract evaporated, 
a crystalline residue is obtained; on crystallising this from 
benzene containing a little carbon tetrachloride, p|3'p''-fWcWo/'0- 
iminiilaTsenic oxide^ (CHClK'Hl^AsO, .separates in long, colourle.ss 
needles or in small plates which melt with decomposition at 154“ 
(Found : Cl ” 3S-7. (!gHgOCl 3 As requires Cl — 3S-G per cent.). 

pp'p" - Trichloroiriviuf/hrsine dibromide, {CHCl!CH) 3 .\sBr„, 
separates in colourless needles, which melt at 107“, when ( 5 p'p"-tri- 
chlorotrivinylarsine is cautiously treated in a freezing mixture 
with bromine (1 mol.), both in light ])etrolcum solution. The 
substance is conveniently analysed by weigliing the silver bromide 
precipitated on adding silver nitrate to its solution aciditied with 
nitric acid (Found : Br - - 384. CgHgt'IjBr^As requires Br ~ 
38- 1 per cent.). The dibromide may be reerystallised from boiling 
light petroleum, but the needle -sliaped ciystals which separate 
are followed by smaller crystals of some otluT product which melt 
at about 119°. On hydrolysing the dibromidc by treatment with 
the calculated quantity of sodium hydroxide solution and extracting 
the clear solution with chloroform, the corresponding arsenic 
oxide melting at 154° is obtained by (waporating tlic chloroform 
extract. 

On adding bromine (3 mols.) to the tricldorotrivinyiarsine, both 
in cold light petroleum solution, a deep red precipitate is formed ; 
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this substance seems to be stable in a vacuum, but becomes white 
when preserved for several days in a bottle. 

p^'p">Trichlorotrivinylarsine sulphide, (CHCllCHljAsS, could 
not be prepared by heating the arsine under reflux with sulphur 
in benzene or ether solution or by heating it with sulphur at 100 '. 
Hydrogen sulphide acts on the dibromide in chloroform solutioo 
with evolution of hydrogen bromide, deposition of sulphur, and 
regeneration of the parent arsine, in accordance with the eq^uation 
{CHCi:CH) 3 AsBr 2 + H.S - (CHCi:CH) 3 A 8 + 2HBr -f S. 
^^'^"■‘TricMorotriinnylmethylarsonium Iodide, 
(CHCi.-CHlaAsfCHgjL 

— On heating the arsine with an equimolecular proportion of methyl 
iodide for twenty- seven hours at 100 " in a sealed tube, the mixture 
solidifies almost completely to a mass of needle-shaped crystals- 
after washing the solid ^vith petroleum and recrystallising it from 
alcohol, the methylarsonium iodide is obtained in lustrous, colourless 
needles melting at 209". The iodide is analysed by acidifying its 
aqueous solution with nitric acid and collecting the silver iodide 
which is precipitated in the cold on addition of silver nitrate solution 
(Found : I = 314. C 7 H 5 CI 3 TAS requires I — 31-6 per cent.). 

- TricUoroirmnyhrsine-'pdoluenesulpiionyUmine, 
(CHCKCHlgAslN-SOg-CeH^Me.HoO. 

— A solution of the tertiary arsine is boiled in acetone solution with 
chloramine T (1 mol.) for twenty minutes, filtered, and the filtrah 
evaporated to dryness ; the crystalline resid\ic is washed with water 
and boiled with ether to extract sodium chloride and toluene- 
sulphonaraide, and then recrystallised from benzene. The arsyl- 
imine is thus obtained in colourless plates melting at 124" (Found : 
.C = 34-7 ; H = 34 ; N = 3-1 ; Cl - 23-8. C 13 HJ 5 O 3 NCI 3 SAS requires 
C - 34-9 ; H - 34 ; N = 3-1 ; Cl - 23-8 per cent,). When the 
pow'dered solid is added to hot benzene containing a fragment 
of calcium carbide, no evolution of acetylene occurs; it is there- 
fore possible that the compound contains the grouping NH'As(OH) 
and that the molecule of water, the presence of which is showm by 
the analyses, is not present as solvent of crystallisation. 

Platinum Bis - (i - chlorovinylbis - • tHchlorotrivinylarshit, 

[(CHCKCH) 3 AB] 2 Pt(CH!CHCl) 2 .— When an aqueous solution of 
chloroplatinic acid, diluted with alcohol, is added to an alcoholic 
solution of the tertiary arsine, long, very pale yellow needles 
separate, followed later by short, lemon -yellow prisms ; the 
mixture of crystals is removed and vigorously agitated with a little 
benzene, by which means a residue consisting only of the needles 
is obtained. This substance crystallises from alcohol in very pale 
yellow, almost white, needles and from benzene in pale yellow 
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plates; it melts at 198*^ with decomposition (Found : C = 22-9, 
H-1-9; Cl = 33-8; Ft - 23 0. requires 

C = 22-9; H = 1*9; Cl = 33-9; Pt — 23*3 per cent.). 

Bis ■ ^^'•dichlorodivinylchloroarsinebis^ -dichlorodivinylkydroxy- 
arsine Phiinichhride, [(CHCi:CH) 2 AsCl] 2 [(CHCi:CH) 2 As*OH] 2 PtCLj. 
—The crystalline mixture obtained above is agitated with diy 
ether until the latter is saturated, and the ethereal extract allowed 
to evaporate spontaneously; the pale yellow needles separate on 
the sides of the beaker and a crust of the lemon-yellow plates is 
formed on the bottom. The latter is further purified by crystallis- 
ation from alcohol and melts with decomposition at 196°; it is 
formed in quantity only in presence of a decided excess of 
the tertiary arsine (Found; C = 16'0; H = 14; Cl = 36-6. 
CjjjHjgOaCligAs^Pt requires 0 — 16-5; H=l-6; 01 = 36-6 per 
cent.). 

5m- pfi ' 3 " -trichlorotrivinylarsine Palladichloride , 

[(CHCllCHlaAsJjPdCla. 

—An alcoholic solution of palladous chloride is added to a cooled 
alcoholic solution of the tertiary arsine; long, yellowish -brown 
needles begin to form within a few seconds and are ultimately 
separated and washed with a little ether. The substance melts 
with decomposition at 196° and is soluble in ether and acetone 
(Found; Cl = 40-5; Pd ~ 15-5. CjgHjgCl^AsgPd requires Cl = 
40-7 ; Pd = 15-3 per cent.). The formation of this characteristio 
compound furnishes a ready means for detecting the presence of 
the tertiary arsine. 

^^'^"-TricUorotrivinylarsine Aurichloridey (CHCl!CH) 3 AsAuCl. — 
On adding an alcoholic solution of potassium aurichloride to a 
cooled alcoholic solution of the tertiary arsine, the mixture rapidly 
becomes colourless and then slowly deposits small, heavy, white 
crystals. After washing and drying, the substance melts at 123° 
with decomposition (Found : Au = 40-0. CgHgCI^AsAu requires 
Au = 40-1 per cent.). On exposing the colourless crystals to 
light for several days, the}^ gradually acquire a purplish-grey 
colour. 


The Chemical Laboratory, 
University of Cambridge. 


[Received^ August HtJi, 1922 .] 
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CQXll.^Catalysis of Hydrogen Peroxide by Finely 
Divided Platinum. The Influence of Inhihitanis. 

By Edward Bradford Maxted. 

In previous commuuications (T., 1920, 117, 1501 ; 1921, 119^ 
225, 1280), it has been shown that the activity of a catalyst for 
the hydrogenation of an ethyicnic linking, in the presence of vary, 
ing concentrations of certain inhibit ants, is a linear function of 
the concentration of the poison. In certain cases, the main linear 
portion of this poisoning curve persists until more than 90 per 
cent, of the catalytic activity has been suppressed, whilst with 
further additions of the inhibitant the activity of the catalyst 
falls off far less steeply. It appeared desirable to test the applic- 
ability of a linear poisoning law to other types of reaction, and 
with this in view the catalysis of hydrogen peroxide with finely 
divided platinum has been chosen for study. Bredig, Ikeda, and 
Heinders {Z. phjsikal. Chem., 1901, 37, I, 323; “ Anorganische 
Eermente,” Leipzig, 1901) liave 'examined this reaction in detail, 
and a study of their results with iodine, bromine, hydroxylamine, 
and hydrochloric acid as iuiiibitants shows that these are not 
incompatible with an initially linear poisoning law. The results 
of Bredig and his collaborators with cyanogen iodide are apparently 
inconsistent with a linear graph, whilst those obtained for other 
inhibitants are inadeq\iale for the present purpose; moreover, in 
any ease, the number of points in positions suitable for testing 
this linear relationship is not large, especially in view of the 
relatively high experimental error. 

In the further experiments which have accordingly been made, 
the platinum catalyst was used in a non- colloidal condition, in 
order to avoid complications due to coagulation. Further, poisons 
such as hydrogen cyanide or carbon monoxide, which, by oxidation 
or otherwise, are changed into products of different toxicity, were 
avoided, and those actually used — mercuric chloride, raerc\iric 
nitrate, and lead acetate — can be regarded as remaining constant 
in concentration throughout an experiment. The results obtained 
with these inhibitants show that, for a wide range, the activity 
of the catalyst i.s a linear function of the concentration of the 
poison. With still higher concentrations of the poison, the extinc- 
tion of activity is far less abrupt. 

E X P K R I .M E X T A L. 

In order to prepare an aqueous suspension of finely divided 
platinurn of constant activity, an approximately N /20*3olution of 
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platinic chloride was reduced by means of formaldehyde according 
to Loew’s method (,Ber., 1890, 23, 289), and the precipitated metal, 
after careful washing by decantation, was made into a suspension 
with water such that 1 c.c. of the liquid, after agitation, corre- 
sponded with 0'2 mg. of platinum. This suspension, after agitation, 
was sufficiently uniform in concentration to be subdivided by 
means of a pipette, and the weight of platinum removed in this 
way was sufficiently constant to cause a close agreement between 
duplicate experiments (see below). The solutions of mercuric 
chloride, lead acetate, and mercuric nitrate employed contained 
0*1 mg. of mercury, 0-0835 mg. of lead, and 0-05 mg. of mercury 
per C.C., respectively. The stock .solution of hydrogen peroxide 
used for the first series of measurements contained approximately 
30 grams of hydrogen peroxide per litre, whilst for the second and 
third series a second solution, containing 22-6 grams per litre, wa.s 
taken. These were prepared by diluting two samples of com- 
mercially pure hydrogen peroxide, it having been previously ascer- 
tained that the degree of freedom of these samples from inhibitants 
was such that the velocity coefficient during individual experiments 
remained sufficiently constant for the quantitative comparison of 
the values of this figure in the presence of varying concentrations 
of the inhibitant. The activity of the catalyst w'as, as before, 
assumed to be proportional to the effect produced by it, that is 
to say, to the initial magnitude of the velocity coefficient produced 
under similar conditions. 

ISeries 1. Inkihition 5?/ Mcrcunj as Mercuric Chloride. 

In order to carry out a measurement, 1 c.c. of platinum catalyst, 
eorrespoiiding with 0-2 mg. of platinum, followed by sufficient 
water to amount, togctlnw with that subsequently introduced 
with the inhibitant, to 3-5 c.c. in all, was placed in a 25 c.c. shaking- 
vessel. The desired quantity of mercuric chloride wa.s now added, 
and the mixture kept for thirty minutes at 20*. This period of 
incubation is, as Bredig also observed, nece.ssarv for the attain- 
ment of constant results. Little or no difference was, however, 
noticed between tlie activity of a catalyst which had been sub- 
jected to the action of the poison for thirty minutes and for twelve 
hours respectively ; and, accordingly, tlie poisoning action may be 
regarded as complete after the period of incubation employed. 
Eight c.c, of stock hydrogen peroxide, containing 30 grams of 
hydrogen peroxide per litre, and previously brought to 2()^ were 
now added. The shaking- vessel was connected without delay with 
a measuring apparatus of the type previously employed {Trans. 
<^raday 6'oc., 1917, 13, 36), and shaken at a uniform liigli speed, 
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in order to avoid supersaturation, in a thermostat at 20°, the rate 
of decomposition being measured by the oxygen evolved. In this 
series, the shaker was started fifteen seconds prior to the begin- 
ning of the experiment, in order to ensure a uniform condition of 
agitation; and the oxygen evolved during this short preliminary 
period was subtracted from the original oxygen value of the 
peroxide taken, in order to determine a, the concentration of 
peroxide at the beginning of the experiment proper. For the 
object in view, namely, the determination of the initial activitv 
of the catalyst in the presence of various known quantities of the 
inhibitant, the speed of the reaction during the first few minutes 
is of special interest. With the materials and inhibitants employed 
in the present wnrk, the decomposition proceeded in every case 
approximately according to the unimolecular reaction law. A 
slight decrease in the activity of the catalyst took place, however 
as the reaction proceeded, but the initial activity could easily be 
obtained by extrapolating the values of h for that corresponding 
with t — and, in any case, the variation in Ic during the period 
of observation did not usually exceed 10 per cent, of its original 
value. 

In all, seventeen measurements w'ere earned out in the first 
series of experiments, using mercuric chloride as the inhibitant. 
Details of three typical individual decomposition experiments are 
given below, and serve to indicate the nature of the results obtained. 
The results of the remaining experiments, which Avere very similar, 
are tabulated in less detail later. In the following tables, tlie 
initial concentration, a, also a — x, the concentration of hydrogen 
peroxide after t minutes, are expressed in gram- molecules per 
litre; and, in calculating k, logarithms to base 10 liave been used, 
since relative values only are required. The w'eights of mercury 
given refer to the actual mercury content of the .system. 



Table I. 


Table II. 


Table 

111. 


Hg = 

0 . 


Hg = O'Oo 

mg. 


Hg = O-l 

mg. 

t. 

a~x. 

t. 

/. 

a—x. 

k. 

t. 

a—x. 

k 

0 

0-512 


0 

0-481 



0 

0-571 



1 

0-457 

0-049 

1 

O' 44 7 

0032 

1 

0-;)52 

0-01 0 

2 

0-411 

0-048 

2 

0-416 

0-0315 

2 

0-533 

O-Olo 

3 

0370 

0'047 

3 

0-387 

0'031.5 

3 

0-516 

0-0145 

4 

0-334 

0-047 

4 

0-301 

0031 

4 

0-5(H) 

00145 

5 

0-301 

0-046 

5 

0-339 

00305 

5 

0-487 

0014 


The initial values of k, corresponding with each concentration 
of inhibitant studied, were obtained from the individual results by 
extrapolation for / = 0; and, on tabulating the series of values, 
it was noted that the activity of the catalyst decreases at first 
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regularly and uniformly with corresponding additions to the poison 
content of the system, until a later stage is reached, during which 
the influence of additional increments of poison is far less marked. 
The values of for the seventeen measurements made with 
various concentrations of inhibitant have been collected in 
Table IV. 

Table IV. 



Relative 


Relative 


Relative 

Mercury 

initial 

Mercury 

initial 

Merc-ury 

initial 

content 

activity of 

content 

activity of 

content 

activity of 

of system 

catalyst 

of system 

catalyst 

of system 

catalyst 

in mg. 

{k,xin 

ill mg. 

(^^0 X 10^)- 

in mg. 

(*oXlO^}. 

0 

50 

0-05 

32 

0 125 

13-5 

0 

51-5 

0-06 

28-5 

0-15 

12 

001 

47 

0 075 

25 

0-2 

10 

0-025 

41-5 

009 

19-5 

0-25 

H-5 

004 

33-5 

01 

1.5-5 

0-5 

0-5 

005 

32-5 

0-125 

13-5 





0* L 1 L..l_l .[ I I i... I ) 

0 0 1 0 2 0-3 


milUgnxm. 

MircuPj vonhni of siinton. 

The linear nature of the main ])ortion of the poisoning curve is 
best seen by plotting graphically the catalytic activity of the 
platinum against the poison content. Reference to Fig. 1 shows 
that this curve is of the same type as that previously found for 
the inhibition of the activity of catalysts for the hydrogenation of 
an ethylenic linking. The deviation from the linear course occurs 
at a stage at which slightly less than three-quarters of the original 
activity has been suppressed. 
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In the above measurements with mercuric chloride, it is probable 
that the chlorine ion, in addition to the mercury, contributes to 
a certain extent towards the total inhibitive action observed; 
but, since the salt may, in the extremely dilute solutions employed, 
be regarded as completely dissociated throughout, and since, in 
any case, the addition of a given increment of mercury involves 
the addition of an equivalent quantity of chlorine ions, the possi- 
bility of additional poisoning by the acidic ion will not affect the 
applicability of the results to the end in view, namely, as a test 
of the extension of the linear poisoning relationship to the decom- 
position of hydrogen peroxide. 


Series II. Inhibition by Mercury as Mercuric Nitrate, 

A number of determinations were also made in the presence of 
mercuric nitrate, prepared by dissolving mercury in nitric acid, 
and acidified with a drop of nitric acid in order to prevent turbidity. 
The experiments were carried out under similar conditions to those 
previously employed, save that 0-3 mg, of a further preparation 
of platinum and 10 c.c. of the second stock solution of hydrogen 
peroxide were taken for each measurement. The values of k^, 
corresponding with the weights of inhibitant stated, are given in 
Table V. 

Table V. 


Mercmy as Nitrate. Pt — 0-3 mg. 


ilercurj" content 
of sj^'st.em 
in mg. 

0 

0 

0-01 

0015 

002 


Relative activity 
of catalyst 

0'034 
0035 
O' 020 
0'0235 
0 021 


Mercury <'ontent 
of system 
in mg. 

0'03 

004 

O-Oo 

O'Ob 

0'08 


Relative activity 
of catalyst 
(^o)' 

0013 

0-0105 

0011 

0009 

0008 


The curve is of an initially linear type, similar to that previously 
obtained with mercury in the form of chloride. 


Series 111. bihihiiion by Lead as Lead Acetate. 

Two aqueous solutions of lead acetate, containing respectively 
0*0835 mg. and 0*448 mg. of lead per c.c., were taken as the in- 
hibitant, the latter solution being used for measurements in the 
presence of relatively large proportions of the poison. The other 
components of the reacting system and the experimental conditions 
were similar to those used for mercuric nitrate, save that the 
shaking apparatus was started at the actual commencement of 
the experiment, in place of fifteen seconds previously, so that the 
initial concentration of peroxide for the point t — 0 is here uniform. 
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The variation in the activity of the catalyst, measured as before 
by the initial value of with varying concentrations of poison, 
is given in Table VI. 

Table VI. 


Lead content 
of system 
in mg. 

0 

00167 

0-0224 

0-0334 

0-067 

0-075 


Relative initial 
activity of 
catalyst 
(I'oXiO*). 

34 

30 

28 

27 

21 

18 


Lead content 
of system 
in mg. 
0-0835 
0-125 
0-224 
0-56 
0-67 


Relative initial 
activity of 
catalyst 

17-5 

13-5 

11 

10 

9-5 


The curve obtained by plotting the above results graphically 
is linear for a krge portion of its length . 

In addition to the above measurements, a series was begun 
w'ith arsenic in the form of sodium arsenate, but the toxic properties 
of this substance, in contrast to its effect in catalytic hydrogenation 
(in which arsine is probably the active inhibitant), were found to 
he relatively low, an effect which was also noticed by Bredig. 

In view of the probability that catalyst poisoning of the type 
studied is due to a preferential adsorption of the inhibitant on 
the surface lattice of the catalyst, an investigation of the degree 
of this adsorption is of considerable interest. From preliminary 
experiments, it would appear that dilute solutions of inhibitants 
such as catalytic ally poisonous metals are strongly adsorbed by 
platinum catalysts ; but the adsorption is incomplete, except 
probably in the presence of i'(dati\cly large concentrations of 
catalyst. Further work on the form of the adsorption curve is 
proceeding. 

National Provincial Bank Chambers, 

Wolverhampton, 'MtVitml, July Wth, 1922 .] 


(l(lX\ll.--Ring-chain TaulomerisnL Part III. The 
Occurrence of Tautomer isni of the Three-carhon 
(Glutaconic) Type between a Homocyclic Compound 
and its Unsaturated Open-chain 1 some ride. 

By Christopher Kelk Ingold. Kdwakd Arthur Perren, and 
Jocelyn Field Thorpe, 

It has recently been pointed out (Ingold and Perren, T., 1021, 
II9, 1582; Ingold and Powell, ibid., p. 1076) that the oondensation, 
usually termed Michaels reaction, between unsaturated e.sters 
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and compounds, such as ethyl cyanoacetate, which contain a 
reactive hydrogen atom (marked [H] in the formulae below) is a 
reversible process, the condensation product (111) undergoing fission 
into components (I and 11) under the conditions of its formation : 

(I-) CRj^CY-COgEt CR2“CY[H]-C02Et | 

in.) CH[H]X-C 02 Et ' 

In general, therefore, the result is a balanced action; for any 
particular set of conditions the ultimate product is an equilibrium 
mixture the composition of which is the same, no matter whether 
the starting material is the ester (111) or a mixture of equivalent 
quantities of the esters (I) and (II). 

The proof of the reversibility of this reaction is of interest because 
it completes the analogy with three-carbon tautomerism. For 
example, the equilibrium represented by equation {A) is strictly 
comparable with the equilibrium, the existence of which is clearly 
proved, if further proof be needed, by the very recent experiments 
of Feist and his collaborators {Amalefi^ 1922, 428, 25, 40, 50, 
68), between the labile glutaconic esters (IV) and (V) : 

Wl-CY[H]- 00 ,Et 

^C[H]X-C02Et ' ^CX'COjEt 

Both reactions arc reversible, but reaction (.1) is interinolccular, 
whilst reaction (B) is intramolecular ; that is, w^e think, the whole 
of the formal difference between them. It is precisely this differ- 
ence, however, which renders the secoiitl reaction alone capable 
of being brought within the philosophical (as distinguished from 
the historical) definition of tautomerism as reversible change 
between isomcrides. 

From this point of view, then, the glutaconic acid change is an 
intramolecular Michael condensation. Clearly, however, it is but 
one of a large number of theoretically possible intramolecular 
changes, of w’hich reaction (/I) is the intermolecular prototype; 
for the two carbon atoms which become joined by a single bond 
in the reaction represented by equation (^) read from left to right, 
and by a double bond in the corresponding change expressed in 
equation {B), might, one may suppose, become involved in a cyclo- 
propane ring, or a cyclobutano ring, or in larger rings, as a result 
of intramolecular condensation. Since this internal condensation 
would be of the same nature as a Michael reaction, should 
expect it to be reversible : 


CR-CY'COaEt CR-CYIHl'COoEt 

(VI.) J (Vil.) |X, . (C) 

{>C)«~-C[H]X-C02Et OO-CX-COgEt 
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Obviously equation {B) corresponds with the particular case in 
which 7^ — 0. The unsaturated open-chain compound (VI) and 
the saturated cyclic compound (VH) are isomerides, and equa- 
tion (C”) must therefore be regarded as expressing a kind of 
tautomerism ; clearly, moreover, the relationship represented 
belongs to the group of phenomena to which the name ring- chain 
tautomerism has been applied. All the examples of ring-chain 
tautomerism hitherto recorded belong to the keto-enol * t}^)©, 
all instance of which (the simplest yet described) has been given 
by Thorpe and Deshapande (this vol., p. 1430) : 


/CO'COaH 

GH^'COgH 


CEtg 


CEt,<9(OH)-CO,H 


Keto enol ring-chain tautomerism may be foriniilated in general 
terms as follows [equation (D)] : 


CFt"0 CR-0[H] 

I -- I ■ . . (0) 

(>0)„-C[H]X-C02Et OCjn-CX'COjEt 

and there is ample evidence at the present time of its occurrence. 
Equations (C) and [D) are precisely similar, and the former is 
therefore to be regarded, not only as the general expression for an 
internal Michael condensation, but also, on still broader lines, as 
the fundamental formula for three-carbon ring-chain tautomerism. 
From what has been written with regard to the relationship of 
three-carbon ring-chain tautomerism to the ordinary direct and 
retrograde Michael reaction (A), to the tautomerism of the 
glutaconic esters (B), and to keto-enol ring-chain tautomerism (/>), 
there seems every reason to believe in the possibility of both the 
occurrence and reversibility of the reactions expressed- in equa- 
tion (C), and, indeed, in the reality of the general phenomenon 
which this equation represents. 

The simplest imaginable instance illustrating the type of 
tautomerism under discussion would be that provided by the 
iuterconversion of the unsaturated straight-chain ester (VIII) 
with the saturated cyclopropane ester (IX) : 


CH^-CHlOOgEt)^ 


CH-CHg-COgEt 
1 >C(C02Et)2 {ixd 
CH^ 


The term keto-enol " was used in Part 1 of this series to indicate 
tautomeric change between an open -chain ketone and its liydroxy-ring 
jsomeride in order to ilUistrate the type of phenomenon involved." The 
crin is, however, open to tlio objection that the " enol ’ form is not in this 
Case Qn urisatiirated alcohol, and, for tins reason, it is proposed in future 
tise the term keto-cyclol ” to denote the new kind of tautomerism. 
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„„ ^CHKH'COaEt 
(X.) CH2<gg^.QH(C02Et)2 
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We have not yet synthesised either of these substances, because 
we nave not yet, oy . ,i fUp rase next in order of sim- 
on coiLsideration it seemed that i 

m-CHj-CO^Et 

^CHiCH'COaEt ^ CH / >C(C02Et)2 (XI.), 

CHg 

there were facts on record which placed in our hands a ready nacaus 
oMn-^aSg the general principle without any recourse to 

or on treating wdh 7““*" “‘^^“ieric ” ester, to which 
period became transfo^^ assigned (Guthzeit, Ber., 1898, 

80, 435) : (CO.Etlj-CH-CH— (ilH-COaEt 

(C02Et),CH-(’H;CH-C0.2Et ‘ cO^Et-CH— CH'CH(C02Et)j 

Ethyl dicarboxyglutaconate (XIV) appeared to undergo a similar 
Jiltn}! uiLcuu yh Tea Hi W rase however, the condensation 

chan<^e but more slowly. In this cast , no «e , 

;oduci„ represented hy formula 

IrabL^ce of pTpeildTnrthe conve,.ion was appreciable after one 
ear whilst if pyridine were added, the change p.cecded to 
;xtent of 75-4i0 per cent, in seven week (Guthzeit, &r mi, 
34, 675; Guthzeit, Weiss, and Schafer, J. pr. them., 1J09, [n], 

\ (C0.2Et),CH-(:H-(I(C02Et),2 

(COaEtjjCH-CHX'lCOjEt).^ (COjEtl-^C — CH-CHtCOjEtlj 

(XIV.) 

More recently, Verkade showed (E. Akad. 

1919 27, 1133) that a-cyanogUitaconic ester (X ) g 

conversion with great ease, even in the absence of PJPe^hme, 
a substance to which, hy analogy, was given formula (X\ 11) ■ 
C(»2EfCH(CN)-CH-CH-CO,2Et 

COjEt-CH-CH-CHiCNl-COjR 
(XVJI.) 


C02Et-CH(CX)'CH;CH-C02Et 

(xn.) 


In none of these ca.ses has any inquiry 
or mechanism of the changes observed. The term P > 
seem.s to have been considered sufficiently 
no attempt has been made to show why some glutaconic 
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“ polymerise ” and others do not, or why the rapidity and com- 
pleteness of the process vary in the way they do in the different 
instances. Neither has any one previously endeavoured to demon- 
strate the ordered solidarity of the reactions under discussion with 
any large and well-worked-out group of phenomena. 

The fundamental circumstance is that a glutaconic ester contains 
within its molecule both the residues by the interaction of which 
a Michael condensation takes place. For instance, a-carboxy- 
glutaconic ester (XII) contains a malonic ester residue and an 
acrylic ester residue; if the reaction between these is intra- 
molecular, three-carbon tautomerism, in the sense of equation (£), 
is the result; but if the malonic ester residue of one molecule 
reacts with the acrylic ester residue of another molecule, tiie 
product (XVIIl) is a substance (a derivative of the o.ster X) capable 
of exhibiting ring-chain, three-car})on tautomerism (equation C) 
with its cyclic isomeride XIX (the corresponding derivative of 
ester XI) : 

(C02Et)2C[Hl'CH:(:rH-C02Et ^ (CC)2Et)2C*0H:CH-CO2Et . 
C02Et*CH:CH-0H(C02Et)2 C02EfCH[HV(JH-ClH;(002Et)2^ 

(Xli.) (XVtTI.) 

(CO.Etj.C— CH-CHlH:*CO,.Et . 
C02EfCH[H]-0H-C{C02Et)2 

The last reaction is an internal Michael condensation, and the evidence 
for its reversibility is given on pj). 1775 , 1770 and 1785 , 1786 . 
However, it may be stated at once that the experiments described 
ill this paper prove quite conclusively that the above view of the 
mechanism of the reaction is the true one. It is necessary, there- 
fore, to revise the formula (Xfll) proposed by Outhzeit, Weiss, 
and Schafer for the so-called '' binieride ' of x-carboxyglutaconic 
ester. Formula (X\") stands corn^ct, luit th(‘ formation of the 
substance from ethyl diearbnxyglutacoiiate must be preceded by 
the production of the open-chain isomeride (XX), to which further 
reference will he made below (pp. 1775 , 1776 . and 1777 ) : 

(CO,Et).,C*CH:C(CO.>Et).> 

(C02Et)2CH-CH-CH(C0it),2 

To Verkades compound must be given tlie formula (XXII), the 
intermediate compound being the unsaturated ester (XXI), 

C0.2Et‘C(CN)-CH:0H*C02Et r02EfC(CN).CH-CHyC02Et 
C02Et'CH2-CH*CH(CN)-CO,>Et CO.Et-CH.-CH — qON)*C02Et 
(Xxr.) (XXii.) 

and we may include here the example described horouiider, in which 
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the substances (XXIV) and (XXV) are successively produced from 

ethyl a-cyano-y-methylglutaconate (XXIU) , 

C02Et-C(CN)-CH:CMe'C02m 

C02Et'CH{CN)-CH:CMe-C02Et:^^^^^^.^jj^^.CH.CH(CN)-C02Et 

(XXIV.) 

(XXIII.) ^ 

C02Et'C(CN)'CH'CHMe-C02Et ^^XV.) 

^ COaEt-CHMe-CH — C(CN)*C02Et 

r - i-irnmotinff these condensations is 

The action of and Mottek first showed (Bee, 

easily understood. As Knoe« ^ , , f the Michael 

condensation, aud m many ^ ,ou,nionly employed. It., 

I'r ' - ni-«w v 

behaviour in the cases now , Pprrpn this vol 

the condensation recently described Ingo d ^ ’ 

o 1414) of ethyl dicarboxyglutaconate with ethyl oyanoa 


+ CH,(CN)-C0,Et 


/CHfCOjEtla 
. cH^H(CN)'CO.jEt 
XCHlCOjEt)., 


(XXV I,; 

in .iiH .1 .bd, .1 ?»• 

inteiprctatioa of the apparently ?rithltrltare The lacta are 
toretd. reH..ond,n«t.on “ f ‘ ,||. 

as follows Glutaconic ester itself (Xa\ i ) /vyvtiT\ 

rolltion; "•*' IcI 

nor the labile form 

oxyglutaconio ester (XIl) (isoacomtic es ), „yx\ (aconilic 
wifh faeility; yet p-oarboxyglutaconic ester (XXX) (aeon 

ester) shows no tendency to condense : 


COa^Et'CHMe-CHICH-COsEt 

(XXVIII.) 


COoEt-CH^-CHICH-CO^Et 

(XXVII.) 

COoEt'CHa-CMelCH-COaEt 

(XXIX,) 

C0.,EfCH(C02Et)-CH:CH-C0jEt ('0oEfCH2-C^AKt).tH-C0.E' 

(XII) 
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}Jeither a-cyano-^-methylglutaconic ester (XXXI) nor a-cyano-^- 
niothyl-y*ethylglutaconic ester (XXXII) undergoes self -condens- 
ation, but a-cyano-y-methylglutaconic ester (XXIII) condenses very 
easily; nevertheless, a-cyano-y-ethylglutaconic ester (XXXV) shows 
no tendency to condense : 

C02Et*CH(CN)-CMe:CH'C02Et C02Et-CH(CN)‘CMe:CEt-C02Et 

(XXXI.)' (XXXIL) 

C02Et'CH(CN)-CH:CMe-C0.2Et C02Kt*CH(CX)-CH:CEt-C02Et 

(XXIII.) (XXXV.) 

Although both a-carboxyglutaconlo ester (XII) and a-cyano-y- 
niethylglutaconic ester (XXllI) undergo self-condensation with 
ease, a-carboxy-y-methylgluta conic ester (XXXIII) show^s not the 
slighte.st tendency to do so ; the 'x-carboxy-y-ethyl derivative 
(XXXIV) shares this property, but the a/-dicarboxy-corapound 
(XIV) condenses with moderate ease ; 

(CO2Et),CH-0H:CMe-CO2Et (COoEt)2CH'0H:CEt-0O2Et 

(XXXill.) (XXXIV.) 

Ethyl a-cyanoglutaconate (XVI) condenses .so rapidly that it is 
almost impossible to isolate it; its y-methyl derivative also con- 
denses; its y-ethyl derivative does not; its y-phenyl derivative 
(XXXVI) shows a (doubtful) very slight tendency tow'ards self- 
condensation : 

CUEt'CH(0N)'CH:CH-C().2Et CO2Et-CH(0N)-CH:CPlrCO2Et 

(XVI.) (XXXVI.) 

In considering these facts, it is necessary to take into account 
the conditions wiiicli govern tlic occurrence of any Michael reaction. 
These have been broadly indicated in the three papers on the 
subject which have already appeared. Tlie main points are as 
follows : 

(a) The acetic ester wliioh takes part in a condensation must 
contain a negative substituent such as a carbethoxy- or cyano- 
group to confer the necessary mobility on the adjacent hydrogen 
atom ; the cyano -group is by far the more effective (compare, for 
instance, the reactivity of etliyl cyanoacetate witli that of ethyl 
malonate). 

ih) The acrylic ester involved slioiild be only lightly substituted : 

(i) The presence of a li -substituent, particularly two ^-sub- 
stituents, considerably reduces the tendency towards condensation. 
The effect is apparently a spatial one ; the larger are the groups 
the stronger is the inhibition. 

(ii) T’he presence of an a-substituent greatly inhibits condens- 
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..Ion, .h. oI rto •'» 

b.lS !!1 7.1.0 «« oi ■“"* ol«.roo.g...v. .nb.t.t.«S 

- " - “.."r 

"* ■“S’orX*'*. 

fumarate) We must postulate here some kind of polar ette t 
su^fmposed on, or in some other way modifying, the simple 

spatial phenomenon. +n the cases under discussion, we 

obi7r.:rnr:i. 

.« ...oir o.n..l., .00 p^L .b. 

examined in this connexion. fnr self-con- 

Accordint: to rule (a), it is a necessary condition for sell con 
Accoramg lu \ /, .rintaconic ester molecule which 

mtrS rfed Is ds‘al"ic ester i^idue should contain a neg^ive 
to say, one or otier 0 In ^agreement with this inference, 

.h„ .0 *»“" lb. 

stituent of this so ■ ,.evanoglutaconic esters should 

change. According ' • ^ corresponding «-carb- 

undergo condensation more r adily han t^he^ 

ethoxyeompounds. sVotua ly, ^ absence of a 

into its condensation ‘ piperidine, whilst 

catalyst and instantaneously ' ^ , eourse of months 

ethyl .-carbethoxyglutacouate changes yine. 

Another instance of the same kind is ^ ^p.^i^ub- 

A p.suhstituted glutaconio ester is to be bove, 

stituted acrylic ester, and should, according to 

show but bttle tendency to condense, even 
required by rule {a] are fulfilled^ . 3 a m examined 

^.substituted glutaconio esters which ha'e ‘elf-condensation, 

have failed to e-xhibit any tendenej r the strongly electro- 

(The effect of the pte,sence in the p-position of ‘h® ^o g ^ 
negative groups referred to under [b(iii)l has not yet been 

gated.) 
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A y- substituted glutaconic ester may be regarded as an a-sub- 
stituted acrylic ester, and according to rule [ 6 (ii)] condensation 
should be inhibited by the presence in this position of groups 
(other than those the effect of which is expressed in rule [ 6 (iii)j) 
of considerable atomic volume. In agreement with this conclusion, 
we find that if the oc- substituent required by rule (a) is a carbethoxy- 
group, any y-alkyl group, even the methyl group, is sufficient to 
prevent condensation; if, however, the a-substituent is the more 
strongly reaction-promoting cyano- group, then not only the 
y-hydrogen compound but also the y- methyl compound gives 
condensation products, although y-alkyl groups larger than methyl 
inhibit the reaction. 

Finally, the behaviour of compounds containing a carbethoxy- 
or a cyano-group in the fi- or y-position should, by rule [ 6 (iii)], 
be generally similar to that of the corresponding substance which 
has a hydrogen atom in place of this group. The similarity of 
behaviour of ethyl a-carboxyglutaconat-e and ethyl ay-dicarboxy- 
ghitaconate forms an instance of the application of this rule, but 
it should be added that glutaconic esters of the type in question 
have not as yet been extensively examined. 

These rules and the facts which they interpret may be sum- 
marised for convenience in tabular form : — 


(A.) Glutucomc esters without a negative x-substitueiii do mi condeim. 

fC0.2Et-CH5,-CH:CH'C02Et i 


The esters 


f . 

1 C 02 Et*CH 2 'CMe:CH-C 0 ,Et 

IcOpEt-i 


COgEt-CHMe-CHICH-COgEt 


[ do not condense. 


^ 2 --t*CH 2 -C(C 02 Et);CH-C 02 EtJ 

(B) Glutaconic esters * with a ^-substitueni do not condense. 

The esters fCOaEt-CHiCNl-CMeXH'CO^Et | , 

The esters \cO,EfCH(CN)-CMe;CEt-CO,Et/ 

(C) Glutaco7iic esters * [outside classes (A) and (B)] with a 
y-substiiuent condense if it is sufficienihj smali 

(i) r-Carboxygluiaconic esters : — 

The ester (COaEti^CH-CHiCH-CO.Kt 
The esters /(CO,Et),CH-CH:CMe.c 63 Et | 
UCOjEtjjCH-CHICEt-CO.Et .1 

(ii) x-Cyanoglulaconic esters : — 

The esters 


condenses, 
do not condense. 


|C 0 jEt'CH(Cx\)’CH:CH-C 02 Et i 
\C0jEt-CH(CN)’CH:CMe-C0jEt I 
The esters /COjEt-CHlCNl-CH-.CEt-COjEt 1 
ICOjEt-CHiCNj-CHXPh-COjEt ) 

* Excepting those inrludcd under (D), 


condense, 
do not condense. 
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(D) GlutfKonic esitrs with siron^ly negative * (3- or y-subsiituenis 
behave similarly to the corresponding p- or y -hydrogen compomds. 
The ester (C 02 Et) 2 CH*CH;C(C 02 Et )2 condenses. 


Thus it appears that all the facts relating to the self -condensation 
of the glutaconio esters are in complete and detailed agreement 
with the general principles which have been reached in other "ways, 
and it does not seem probable that any future development will 
necessitate a very serious modification in the guiding rules. 
Evidently, examples of this kind of seif -condensation will always 
be comparatively scarce, because so many conditions have to he 
satisfied; but one may venture to predict that it will be found 
to be obsen^able, for example, in the following cases : ethyl 
a-cyaiio*y-carboxyglutacouate, ethyl a-cyano-jB-carboxyglutaconate 
and ethyl a|3-dicyanoglutaconate. 

In a previous communication (this vol., p. 1414), it was clearly 
proved that the equilibria attained in Michael condensations 
between esters were often of an entirely dilferent order from the 
equilibria between corresponding sodio- derivatives. That this 
must be vSO follows from considerations relating to the heats of 
formation of the sodium compounds. It is the case, for instance, in 
the formation of the substituted methanetriacetic ester (XXVI), 
which cannot be obtained by condensation in the presence of 
sodium ethoxidc owing to the adverse character of the equilibrium 
between the sodium compounds. The equilibrium between the 
esters themselves, however, is much more favourable to the 
formation of the condensation product, which may readily be 
prepared from the free esters by the aid of the catalyst piperidine. 
The relationship appears to be a general one. It does not seem 
possible to obtain any tri-substituted methanetriacetic ester of 
type (XXXVII) by the condensation of sodium derivatives owing 
to the large tendency towards fission into .simpler esters, (XXXV III) 
and (XXXIX), by the retrograde reaction. Nevertheless, the two 
esters (XXXVHI) and (XXXIX) may condense in the free state 
under the influence of some catalyst such as piperidine to form 
considerable amounts of the methanetriacetic ester (XXXVll). 
The general result, therefore, is that the condensation which takes 
place in the presence of piperidine is reversed by sodium ethoxidc : 


/CHX'COgEt Piperidine 

CH(-CHY-C02Et 

^CHZ-COgEt Sodium etbo^ide 
(XXXVII.) 


+ CH,Y-C0,Et 

(XXXVIII.) (XXXIX.) 


* The term negative " is used in (.'onnexion with groups such as CN 
and CO,Et. 
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Now aU the compounds {XVIII, XX, XXI, and XXIV) which 
constitute the first products of the self -condensation of the glut- 
aconic esters (they constitute, also, the open-chain individual of 
the ultimate ring-chain system) are methanetriacetio esters similar 
to (XXXVII). It is therefore to he expected that these substances 
will be formed from glutaconio esters in the presence of piperidine, 
and decomposed into glutaconio esters in the presence of sodium 
eth oxide. Reference to the experimental part of this paper will 
show that this is the case. The ester (XX), which is formed in 
considerable amount from ethyl dicarboxyglutaconate with the 
aid of piperidine, and can be isolated in a moderately pure form, 
is converted almost completely into ethyl dicarboxyglutaconate by 
sodium ethoxide : 

/'CH(C02Kt)2 Piperidine 

(XX.) CH(-C(C02Kt)2*CH:C(C02Et)2 

^CH(C02Et)2 

^ CHICOaEtjj-CHICICOjEt)^ (XIV.) 


There is every reason to believe that similar phenomena appear 
in the cyclic series, and that, for example, methanetriacetic esters 
uf type (XL) exhibit the following analogous relationships : 


CX-CO.Et 
p,/ >CKR' 

X^CV'COgEt Sodium etboride 

CEZ-COgEt 

(XL.) 


/CX-COgEt 

CH/ ^CRR'-CHY-COoEt 
^CZ-COgEt 

(XLI.) 


Obviously, all the eyeZobutane esters of which this paper treats 
(XV, XIX, XXll, XXV, and three others) are methanetriacetic 
caters of type (XL), whilst their open- chain isomerides (XX, XVIII, 
XXI, and XXIV) belong to type (XLI), and therefore it is to be 
expected that the ester (XV), for example, would show the following 
relations with the ester (XX) : 


C(C02Et)2 

pu/ >CH-CH(C02Et)2 ^ 

\L{C02Et)2 Sodium ethoride 

CH(C02Et)2 

(XV.) 


C(C02Et)2 

pTj// \p^^CH(C02Et) 

^"^CH(C02Et) 

C(C02Et)2 

(XX.) 


2 

2 


The degradation effected by sodium ethoxide is therefore pro- 
gressive (for example, XV" — ^ XX — ► XI V"), and there i s no difficulty 
in understanding the fact that all the eyefobutane esters dealt with 
in this paper are completely disrupted by sodium ethoxide into 
fhe glutaconic esters from which they were originally prepared. 

It has been, shown that the succession of intermolecular and 
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intramolecular Michael condensations by means of which the 
cydohntme esters are formed can be completely reversed by chang. 
ing the experimental conditions. It remains now to examine the 
evidence for the existence of a definite equilibrium under any one 
particular set of conditions. Consider the pair of isomerides 
(XV) and (XX). The cyclohuUm ester (XV) is a solid (ra. p. 103°), 
whilst the open-chain ester (XX) is a liquid, so that when crystal- 
lisation of the solid ester has once commenced the equilibnum in 
the liquid phase becomes continuously disturbed until the whole 
of the material is converted into the solid isonioride. By employ- 
ing a solvent, however, or by allowing interconversion to proceed 
at^ somewhat above the ordinary temperature, it is easy to show 
that an equilibrium is reached containing upwards of 80 per cent, 
of the cyclic compound and 10-l>0 per cent, of its open-chain 
isomeride, which can be separated from the mixture in the manner 
described on pp. 1785, 1786. The equilibrium is substantiaUy the 
same whether piperidine is present or not, and it is also the same 
w’hether the starting material is the cyctobutane ester or the open- 
chain ester or any mixture of them. 

Plainly, therefore, these esters satisfy all the requirements of 
what we kave termed the philosophical definition of a tautomeric 
substance, and there is no distinction to be drawn, from this point 
of view, between, let us say, the cz/eZobutane ester (XV) and Knorr’s 
ketonic ethyl acetoacetate. Both esters, in the fused or dissolved 
state, undergo reversible isomeric change and reach equilibria 
dependent only on the temperature and the solvent. In both 
cases, the reaction, although hastened by the deliberate addition 
of a catalyst, takes place at a more or less considerable speed 
without this aid. In both cases, also, the mechanism of the change 
is extremely simple, involving nothing more than the trans- 
migration of a mobile hydrogen atom. Finally, in both cases the 
pure liquid esters exhibit the phenomenon, so there can be no 
question of a composite reaction, involving, for example, the 
addition and subsequent removal of water. This matter is an 
important one, because the greatest difficulty which at present 
stands in the way of the general recognition of ring-cham taulo- 
merism as a widespread phenomenon, depending, like ordinan^ 
keto-enol tautomerism, on the mobility of a hydrogen atom, is 
the possibility that interchange between the individuals may « 
a composite process. The molecular changes which ^ 

basis of the mutarotation of the sugars have been explaine y 
Meyer and Jacobsen C Organisehen Cheraie,” 2'*^ Auft., I, A 
as simple ring-chain processes, but most w'orkers in the sugar 
group seem to have regarded addition and elimination of er 
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as the mechanism of these change3T(compare Lowry, T., 1903, 
87, 1316). In any case, this possibility cannot be ignored, because 
the reactions considered take place in the presence of water, and 
go do all those to which attention has previously been directed 
in the papers of this series. Now, however, for the first time, 
it seems that we have a clear case of reversible interconversion 
between liquid substances, the one an open- chain compound and 
the other a cyclic compound, by the simple transmigration (for 
surely no other interpretation seems possible) of a mobile hydro- 
gen atom. 

It remains to be added that just as the ketonic and enolic forms 
of ethyl acetoacetate each exhibit their own distinctive chemical 
reactions corresponding with their respective structural formulae, 
so the two individuals of the ring- chain system each display all 
the special characteristics expressed by the formulae assigned to 
them. The open-chain compound (XX), for instance, is highly 
unsaturated, and on hydrolysis by means of mineral acids yields 
an acid (XLII) the constitution of which is clearly proved by the 
manner of its oxidation. On treatment with cold alkaline per- 
manganate, it takes up four atoms of oxygen and is converted 
almost quantitatively into methanetriacetic acid and oxalic acid, 
one carboxyl group being eliminated as carbon dioxide subse- 
quently to fission at the double bond : 


co2H-ch:ch*ch{co2H)-ch(ch2‘C02H)2 

(XLII.) CO^H'COgH -f C02H-CH(COoH)*CH{CH2-COaH)2 

i 

CH(CH2*COoH)3 -P co^ 

On the other hand, the cyclic compound (XV) is fully saturated 
and resists the action of permanganate. On hydrolvsis by mineral 
acids, it yields a saturated acid of the cyclobutanc series. This 
acid, 2 : 4-dicarboxycyc/obutano-l ; 3-diacctic acid (XLIII), has 
now been obtained in all five of the theoretically pos.sible stereo- 
isomeric modifications, the formation and mode of interconversion 
of which are expressed in the table wdiich follows. We have 
employed Greek prefix -letters for convenience in distinguishing 
the compounds under discussion. Similarly, the cyc^obutane ester 
(XXV) undergoes hydrolysis by mineral acids to an acid (XLIV) 
which should also occur in five modifications, although up to the 


C02H-CH2*CH-(jlH-CO2H 

C02H‘CH»CH-CHyC02H 

{XLIII.) 

VOL. CXXI. 


COsH-CHMe-CHCH-COgH 

C02H-CH-CH-CHMe-C02H 

(XLIV.) 

3q 
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present time only two of these have been isolated. They occur 
together in the crude hydrolysis product, and may really be 
separated by taking advantage of the large difference m the ease 
with which they yield anhydrides. 


Forms of the Acid (XLIII). 


Ethyl dkw^boxyylutaconate . Ethyl 

(XIV.) Srv/- liydroiysis 






0 eta ethyl ester (XV.). a-form 




Octaelhyl ester (X\ .). /I tonn 
(ill. p. H7') 


(ni. p. 103“) 

I (HCl) 


Hexaethyl ester (XJX.) 
(liquid) 


I (HCl) (XLTll.) (“CO _ “••-“'ifi 

(m. p. 108°) acid) ('"• P’ -■** > 


(gives d ianhydrick] 


i-Acid (XLllI.) 
(m. p. 223°) 


Dianhydride 

(m. p. 235") 


These relationships strongly suggest (although, of course, they 
do not finally prove) the stereoisomeric configurations of the 
difierent acids. The five possible formula: are as follow : 


(XLV.) 



(XLVI.) (XL\ II.) (XLVllL) (XLIX.) 


(X-CO^H; Y-CHyCO^H) 


Evidently, the a-acid, whicli the first tetrabasic liydrolysis product 
of the a-ester, in. p. 10d^ a double-cfs-acid (XLV); it yields a 
dianhydride (L), and on heating with hvdrocblnric acid changes 

0-C0-9H*CH-011.yC0 

(:0-CHyCH-ClI-C0'0 

successively into the fi-acid (XLVI) and the e-acid (XLIX) by die 
passage of the two carboxyl groups to the /rads-position. There 
are only two possible configurations for the octaethyl ester, namey 
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(LI) and (LII), and we may assume for the moment that the less 
stable a-modification, m. p. 103^ is the ci-y-form (LI). This view 



V' 


(U.) (LII.) 

is rendered probable by several circumstances. For example, it 
is well known that carbethoxy groups in -positions with 
respect to the substituents attached to the adjacent carbon atoms 
of an alley clic ring are always hydrolysed more readily, other 
conditions being the same, than corresponding groups in cis- 
positions, which are protected, it is suppo.sed, by steric inhibition. 
The hydrolysis and subsequent elimination of the least protected 
carbethoxy groups from an ester of the configuration represented 
by formula (LI) W'ould lead to the formation of a tctrabasic acid 
having the configuration (XLV), which we have assigned, for 
other reasons, to the product actually obtained. Similar con- 
siderations applied to the ester (LII), ^vhich must be the ^-ester, 
m. p. 87°, show that this substance should yield an acid the con- 
figuration (XL VII) of which is not only different from that of 
any of the three acids derived from the x- ester, but different in 
such a way that interconversioii is not possible by stereomigration 
of a carboxy-group, This corresponds with the -y-acid. and we 
are led to assign formula (XLVIl) to this acid, and formula (XLVIII) 
to the S-acid. Both these acids arc stable toward.s hvdrocldoric 
acid, as the assigned configurations indicate, and the 6-acid gives 
a dianhydride, as it should. 

In addition to the cyc/obutanc esters mentioned above, three 
others are described in the experimental portion of this paper. 
It was anticipated that gliitaconic esters which condense with 
themselves would, if their react i\' it ies were of a similar order, 
exhibit a definite tendency to conden.se Avith each other. Ethyl 
^•cjano-y-methylglutaconate, ethyl ay*dicai'bcL\yu!utaconate, and 
ethyl 2-carboxyglutaconate all undergo self-condensation at fairly 
eomparablo rates, and therefore the experiment was tried of 
mixing them together in pairs. In each case, a inixed condensation 
product was obtained. Particular interest attaches to tlie con- 
densation product of ethyl a-cyano-y-mothylglutaconate with ethyl 

3q2 
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dicarboxyglutaconate. It is a liquid at the ordinary temperature 
and consists of an equilibrium mixture of a somewhat complex 
character. Theoretically, the cj/c?obutaue ester (LIII) should be 
in equilibrium mth as many as four open- chain isomerides (LIV 
LV, LVI, and LVII) : 

COgEt-ClCNj-CHiCMe-COgEt COgEt-CHlCNl'fjlH'CHMe-COsIt 
(C02Et)2CH'CH'Cfi(C02Et)2 (C02Et)2C:CH-C(C02Et)2 

(UV.) . (LV.) 


COgEt— C(CN)*CH-CHMe‘C02Et 
(COjEt^^CH-CH— C(C02Et)2 


C02Et-G(CN)*CH‘CHMe-C0aEt CO^Ef 9H(CN) CHIGMe-CO^Et 

(COaEt^CiCH CHlCOaEtjg (C02Et)2CH-CH C(C02Et)2 

(LVL) “ (LVII.) 

and there can be little doubt that the above scheme truly represents 
the condition, although, owing to the difficulty of the experimental 
investigation, the evidence is as yet incomplete. 

The cyclic condensation products of ethyl a-cyano-y-methyl- 
glutaconate with ethyl a-carboxyglutaconate (LVIIT), and of 
ethyl ay -dicarboxy glutaconate with ethyl a-carboxyglutaconate 
(LIX) are crystalline (m. p. 81® and 92®, respectively), but ou 
keeping in the fused condition they soon begin to exhibit the 
reactions of their uiisatu rated isomerides. 


C02Et'C(CN)‘CH-CflMe-C02Et (C02Et)2CH*CH-C(C02Et)2 

C02Et*CH2‘CH — C(C02Et)2 (C02Et)2C— CH-CH^-CO^Et 

(LVni.) " (LIX.) 

These examples are sufficient to show that the formation or the 
disruption of a homocyclic ring is not invariably the clean-cut, 
irreversible process that it has hitherto been imagined. Provided 
that the substituents are suitable, an alicyclic molecule may opea 
and close again, under ordinary conditions of temperature and in 
the complete absence of any reagent, and may continue to open 
and close for an indefinite period in statistical equilibrium vith 
its neighbours, unless crystallisation determines once and for all 
the course of the change. 


Experimental. 

(A) The, Preparation of AlkyU, Carboxy-, and Cyano-glutacomc 
Esters. 

(i) Esters which do not contain a Negative H’Substiiumt.^ 
(a) Ethyl glutaconate was prepared from acetoncdicarboiyht 
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acid by Blaise’s method {Bull, Soc. chim,^ 1903, [iii], 29 , 1012), 
which is by far the most convenient for the purpose. (6) Ethyl 
aconitate was prepared by Anschutz and Ellingemann’s process 
from ethyl acetylcitrate {Ber.j 1885, 18 , 1983). (c) Ethyl a- me thy 1- 
glutaconate was obtained by directly esterifying the corresponding 
acid (Thole and Thorpe, T., 1911, 99 , 2197). (d) Ethyl (i-methyl- 
glutaconate (the labile form) was prepared by treating ethyl iso- 
dehydracetate with sodium ethoxide as described by Bland and 
Thorpe (T., 1912, 101 , 1565). 

(ii) EsUrs (xmtaining a fi^Alkyl Group, — (e) Ethyl a-cyano-p- 
methylglut^conate was prepared by condensing ethyl cyanoacetate 
with ethyl acetoacetate (Rogerson and Thorpe, T., 1905, 87 , 1687). 

f) Ethyl a-cyano-|3-methyl-y-ethylglutaconate was prepared from 
thyl cyanoacetate and ethyl ethylacetoacetate (T., 1905, 87, 1712). 

(iii) oc-Carbozyglutaconic Esters {without a Alkyl Group ). — 

g) Ethyl a-carboxyglutaconate (ethyl iso aconitate) was prepared 

)y the method of Guthzeit and Dessel {Ber., 1889, 22, 1413; see 
ilso Ingold and Perren, T., 1921, 119 , 1591). {k) Ethyl ay-dicarb- 
)xyglutaconate was obtained by the improved modification (Ingold 
md Perren, loc. cit.) of the original process described by Conrad 
md Guthzeit {Ber., 1882, 15 , 281). {i) Ethyl a-carboxy-y-mcthyl- 

dutaconate was obtained by treating the methyl derivative of the 
preceding one with sodium ethoxide (Thole and Thorpe, T., 1911, 
99, 2197). ij) Ethyl «-carboxy-y-ethylglutaconate was prepared 
similarly to the methyl compound {loc. cit.). 

(iv) (t-Cyanogluiaconic Esters {without a Alkyl Group ). — (^) 

Ethyl a-cyanoglutaconate has been described previously (Ingold 
and Perren, loc. cit.). (1) Ethyl a-cyano-y-methylglutaconate was 
prepared by the reaction described in the previous paper {loc. cit.), 
and also by the more convenient method given belou . (i«) Ktliyl 

a-cyano-y-ethylglutaconate was prepared by condensing etliyl 
E-carboxy-y-ethylglutaconate (1 mol.) with ethyl sodiocy a noacetate 
(2 mols.) under exactly the same conditions as Asere employed in 
the case of the lower homologue {loc. cit.). The cpiicker method 
described below was also used, (w) Ethyl a-cyauo-y-phenyl- 
glutaconate (see p. 1782). 

(B) Th Coiidensatio7i of Ethyl Sodiocyaiioacetafe with Esters of 
a.- Formyl-fatty Acids. 

This condensation, three example.? of which are given below, 
leads, in general, to the production of at- cyano-y-alkylglutaconic 
esters and constitutes the quickest and most inexpensive method 
of making these compounds. It is a simple extension of Wwkade’s 
reaction {K. Akad. Welensch. Ayusterdam, 1915, 18 , 981), 
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Ethyl a-Gyano-y-rMthy¥^’^*^ i 

propionate (66 grams), which was prepared by condensing ethyl 

formate with ethyl propionate in the usual manner 
mixed with a suspension of ethyl sodiooyanoacetate obM by 
adding ethyl cyanoacetate (57 grams) to a f 

sodium ethoxii prepared by dissolving sodium >" 

absolute ethyl alcohol. The mixture, which contained a bright 
yellow, crystalline precipitate, was heated for one hour, cooled, 
Ld poured into three volumes of dilute hydrochloric ao d. The 
oil was extracted with ether, and the extract washed ^h water 

rVlc C = 58 - 6 ; H = 0'7 per cent,). 

EAyl ..Cyan.-rAylgMa^mU (XXXV) .-This ester was pre- 
pared by hating ethyl ocformylbutyrate (48 grams) with a su. 
pLion of ethyl sodiocyanoacetate obtained from ethyl cyanoacetate 
(38 grams), sodium (7-6 grams), and ethyl alcohol (130 grams). 
The nrodiict when worked up as described above, gave 3o grams 
of unchanged ethyl cc-formylbutyrate (b. p. 100715 mm.) and 

8 .rams oLthyl .-cyano-y.cthylglutaeonate, which was obtained 

as a colourless, mobile oil, b. p, ie3»/14 mm.JFound : C - 60-4, 
H = 7-‘> C,,Hi, 04 N requires C = CO-2; H 7-1 per cent.). 

In order to confirm the constitution assigned to this ester, 
was hydrolysed with 50 per cent, snlphnrio acid. The prodnte, 
which was extracted with ether and crystallised from water M, 
identified as a-ethylgliitaconic acid by direct eompanson and bj 
the m p of a mixture with a genuine specimen. 

The ^-formylbutrate required for the above experimen w 
prepared by adding a mixture of ethyl butyrate (232 grams) and 
Liyl formate (148 grams) during a period of five ^ 

pension of molecular sodium (50 grams) in dry ether (400 c.tj. 
Twenty-four hours later, the .sodium salts were disso ved m w tep 
which was separated from the ether, '^'‘‘^hed once .vith toh ether, 
and then acidified with hydrochloric acid. The for y . 
precipitated in this way, boiled at 100715 mm., the yield beng 

^'EthT'^^-Cyano-rpynylglutaconate (XXXVI).-Ethyl formjl- 
phenylacetate (15 grams) was heated irith a 2, 

sodiocyanoacetate prepared from ethyl AL%V' 

sodium (1-9 grams), and ethyl alcohol ^^^d J „ 

five minutes, the semi-solid mass was cooled and vith 

excess of dilute hydrochlonc acid. The oil was ext 
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■ther, washed with water and aqueous sodium hydrogen carbonato, 
and purified by distillation, when 4 grams, b. p. 200—205^/14 mm., 
were collected (Found : C = 68 * 8 ; H - 6-3. C 18 HJ 7 O 4 N requires 
Q - 66-9; H = 5*9 per cent.). 

((') The Self -condensation of Glutaconic Esters, Alone and in the 
Presence of a Catalyst {Piperidine). 

General Method {Cataly tic). ester to be investigated (20 
graffis) mixed with piperidine (10 gram) and then allowed to 
I'omain at the ordinary temperatun; for one year unless it became 
apparent at an earlier period that self-condensation had taken 
place. In those cases in which tlu* reaction product did not 
ery.siallise, self -condensation was always accompanied by a very 
lai’oe increase of visco.sity. if at the end of a year no crystal, s had 
liecii deposited, the ester, whether mobile or viscous, was dissolved 
in ether, w^ashed with a little dilute sulphuric acid to remove 
piperidine, and then recovered by drying and evaporating the 
ether. The residue was divided into two portions, one of which 
was distilled, and the other hydrolysed by means of mineral acids. 
If the boiling point was that of the glutaconic ester originally 
used, and if, also, the sole product of acid hydrolysis was a glutaconic 
acid, it was assumed that no se!f-(‘,ondensation had occurred. In 
all cases in which self-coiifhMisation did occur acids of the cyclo- 
butane series were readily isolated from the products of hydrolysis. 
In these instances, the following e\j)(‘riments were tried. 

Eon-cnlalyiic Self -condensat ion. above experiment was 
repeated without, liowever, adding piperidine to the e.ster. 

Reversal of Condensation.— Thk was ejected by treating the cyclo- 
biitane e.ster {1 mol.) with sodium ethoxide (2 raols.}. After 
heating for one hour, the product was poured into w’ater and the 
oil extracted w ith ether. By distillation under diminished pressure, 
or by hydrolysis witli mineral acid, the I’csidue which remained 
when the ether extract was dried and evaporated w as easily proved 
to consi.st of tlie expected glutaconic ester. 

Glutaconic Esters Inmpahle of Self-condensaiton. — The following 
esters a 2 )peared not to have given any condensation product when 
the above tests wxh'c applied : 

(i) Esters which do not contain a negative ^.-substituent, namely, 
ethyl glutaconate, ethyl aconitate, ethyl a-metliylglutaconate, and 
ethyl 3 -methylgl uta conate . 

(ii) Esters containing a {i-aJhyl group, namely, ethyl x-cyano-^- 
niethylglutaconate and ethyl a-cyano-p-mcthyl-y-ethylglutaconate. 

(iii) ct-Carboxy-^-hydrogenglufaconic esters, namely, ethyl x-carb- 
oxy-7-mcthylglutaconate and ethyl a-carboxy-y-ethylglutaconate. 
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(iv) (i-Cyam>^-hydrogtngluta(m,k ^ters, namely, ethyl a-cyano- 
7-ethyl glutaconate and etliyl a-cyano-y-phenylglutaconate, 
(Actually, this ester gave a very small quantity of a crystalline 
compound, m. p. 123°, which may have been a self -condensation 
product, but the amount was insufficient for proper investigation.) 

Gluiaconic Esters which Undergo Self -condensation . — Definite self, 
condensation products were obtained in four cases, namely, ethyl 
a-carboxyglutaconato (ethyl isoaconitate), ethyl ay-dicarboxy- 
glutaconate, ethyl a-cyanoghitaconate, and ethyl a-cyano-y. 
metliylglutaconate. 

(i) Ethyl cL-Carboxy glutaconate (ethyl /soaconitate). — The action 
of piperidine on this compound was examined by Guthz.eit, Weiss, 
and Schafer (Zoc. c?7.). We have found that, under the standard 
conditions indicated above, self- condensation is practically com- 
plete after one week, whilst in the absence of a catalyst at least 
one year is required. 

EtJiyl 2:2:4: 4:dr:iracarhoxycyc\obutane-l : ^-diacefette (XIX), 
previously described as ethyl 2 : 4-dicarboxycyc7obutane-l : 3- 
dimalonate, is a colourless, fairly viscous oil which cannot be 
distilled without decomposition. Its molecular weight in solvents 
proves the absence of any appreciable quantity of ethyl carboxy- 
glutacoTialc, and its cyclic structure is indicated by its hydrolysis 
to S-2 : 4-dicarboxycyfiobutane-l : 3-diacetic acid (p. 1778). Never- 
theless, the ester appears to contain a certain quantity of its 
unsaturated iso me ride, as the following tests show. With ferric 
chloride, the ester gives a brown coloration; this property appears 
to be characteristic of the unsat iirated isomcrides (below), and is 
not shown by any freshly dissolved, pure cyc/obutanc ester of 
this series. The ester decolorises a limited quantity of neutral 
potassium permanganate instantly; any further amount ia 
decolorised only very slowly. 

On warming 'with an alcoholic solution of sodium ethoxide, the 
ester is quickly and completely converted into ethyl carboxy- 
glutaconate. 

(ii) Ethyl ay-Dkarboxyghiaconate. — Guthzeit, W^eiss, and Schafer 
found {loc. cit.) that the action of piperidine on this substance 
leads to a solid ester (XV), m. p. 103°, which on treatment with a 
further quantity of piperidine in benzene solution passes into a 
stercoisomcric modification, m, p. 87°. Tlie former gave the 
a- and {^-modifications, and the latter the y- modification, of2:4- 
dicarboxycyc?obutane-l : 3-diacetic acid. We have found that, 
under the standard conditions described on p. 1783, the formation 
of the ester, m, p. 103°, is practically complete in the course of 
two months, whilst in the absence of a catalyst it is just perceptible 
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after one year. In the case of this condensation reversibility is 
easily demonstrated, and its retarding influence can be appreciated 
by freezing out and removing the solid ester at regular intervals, 
a procedure which greatly hastens the reaction. If the temperature 
is such that crystallisation does not occur at any stage, the form- 
ation of the ester, m, p. remains incomplete and a definite 
proportion of ethyl dicarboxyglutaconate may be recovered as its 
sodiO'derivative by washing with sodium carbonate (see below). 
In all condensations in which piperidine is employed, a small 
quantity of the material undergoes a side reaction leading . to 
ethyl piperidinomethylenemalomte, C5HjQ>N*CH!C(C02Et)2, which 
crystallises from benzene in pale yellow, rhombohedral plates 
melting with decomposition at 216° (Found : C = 61*2; H — 8-3. 
O13H21O4N requires C = 61-2 ; H 8-2 per cent.). 

oi^Etkyl 2:2:4: 4:-tetracarboxy(iychbutane~l : ^-dimalomte (XV), 
m. p. 103®, is quite stable towards neutral permanganate and gives 
no colour with ferric chloride in freshly prepared solution. The 
product of hydrolysis by acid.s consists solely of the two saturated 
cyc/obutanc acids mentioned above. When kept in the fused 
condition, however, or in solution (preferably in the presence of a 
small amount of piperidine), it develops the capacity for reducing 
permanganate and giving a colour with ferric chloride. On cooling 
or evaporating the solvent, the ester does not completely solidify, 
and, in this condition, gives unsaturated products on acid hydrolysis. 
By fusing, or maintaining in solution with piperidine for a sufhciently 
long period, the ester, ni. p. 103°, can be converted into an equili- 
brium mixture of tlu': same composition, so far as wc have been 
able to find, a.s that obtained by the self-condensation of ethyl 
dicarboxyglutaconate under the same conditions. This mixture 
cojitaius roughly 80 per cent, of the cyr/obutane ester, which can 
be isolated in the crystalline coiulition, upwards of 10 per cent, 
of the unsaturated isomeride described below, and a small amount 
of ethyl dicarboxyglutaconate. 

On warming ^^'ith an alcoholic solution containing sodium 
othoxide (2 mols.), the cyc?obutaiie ester is completely converted 
into ethyl sodiodiearboxyglutaconate. 

Ethyl oiOLyyd-Hexacarboxy-^'^'pentene'h-malonatc (XX). — The equi- 
librium mixture obtained cither from the eyc/obutaiie ester or from 
ethyl dicarboxyglutaconate was first washed with dilute sulphuric 
acid to remove the piperidine, and then cooled in a freezing mixture 
in order to remove the main bulk of the cye/obutane ester by 
crystallisation. The liquid esters Mere dissohed in ether and 
shaken with sodium carbonate, which causes ethyl sodiocarboxy- 
glutaconate to be precipitated, then recovered by evanorating the 
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ether, and again cooled strongly. The ester which remained liquid 
after this treatment consisted essentially of ethyl hexacarboxy. 
pentenemalonate, and, although, presumably, it contained traces 
of the cyclic isomeride, the amount of this substance present 
must have been very small, for no trace of any c^efobutane 
acid could be obtained from the product of hydrolysis by acids 
(below). 

Ethyl hexacarboxypentenemalonate is a colourless oil which 
gives a light brown coloration with ferric chloride and instantly 
reduces neutral permanganate. On leaving it in contact with a 
little piperidine, conversion into the cyclic isomeride take^ place, 
the ultimate product being either a liquid equilibrium mixture 
containing not only the cyclic ester but also a little ethyl dicar boxy - 
gliitaconate, or the pure crystalline c^ctobutane ester, according 
to the conditions. Alcoholic sodium cth oxide rapidly converts 
the pentene ester into ethyl dicarboxyglutaconate. 

ay£-Tricarbo3:y-^^-pe7itene-^'acctic Acid (XLII). — In order to prove 
the constitution of the above ester, it was hydrolysed by boiling 
with 20 per cent, hydrochloric acid until carbon dioxide and alcohol 
ceased to be evolved. The product was a S 3 'rupy acid of approxi- 
mately the correct composition, but it could not be crystallised. 
It was therefore characterised by oxidation. 

The acid was dissolved in sodium carbonate and treated with 
cold 1 per cent, potassium permanganate until thfe colour became 
permanent. The quant it v of permanganate used corresponded 
with a little more than four atoms of available oxygen. The 
small excess of permanganate was destroyed by means of sulphur 
dioxide, and the oxides of manganese were collected and extracted 
twice by treatment with steam. The combined filtrates were 
acidified with hydrochloric acid, evaporated to a small bulk, 
neutralised with amnDoniiun h\^dr oxide, and treated with calcium 
chloride. The calcium oxalate thus piecipitated was collected 
and identified by the usual tests. The filtrate was re-acidifiod 
and extracted with ether. The residue from tlie ether consisted 
of almost pure mcthanetriacctic acid (this vuL, p. 1420). 

(iii) Ethyl 'i-Cijanoglutaconat e.~T\iu ester undergoes self-con- 
densation much more readily than either of the carbethoxy -com- 
pounds, When freshly rcgencratcrl from an alcoholic solution of 
its sodium derivative, it is a mobile oil of the correct molecular 
weight. Self-condensation sets in rapidly, however, and is complete 
before the next day. 

Ethyl 2 : i-dicyano-'l : i4icarboxyQyQhbuknic-\ : li-diacelate (XXII), 
w’hich has already been described by ^’(Tkade as ethyl 2 : 4-di- 
carboxycycfobutane-1 : 3-dicyanodiacetate [K. Akad. Weknscb^ 
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1919, 27, 1133), appears to be an equilibrium mixture 
of the cyclic ester (XXII) and its unsaturated isomeride. It gives 
the reactions with ferric chloride and permanganate characteristic 
of the unsaturated compounds of this series. However, we have 
not yet succeeded in finding a means of separating the two 

constituents. 

(iv) Ethyl a.-Cyano-y~methylgluiaconate. — When this substance is 
kept at the ordinary temperature without the addition of a catalyst, 
crystals of the self “Condensation product begin to be deposited 
after one month; at the end of three months the whole mass is 
solid. When condensed in the presence of piperidine under the 
standard conditions described above, crystals appear in two to 
three hours, whilst in twenty-four to thirty- six hours the change 
is complete. 

Ethyl 2 : 4idicyano-2 : i-dicaYboxyGyc\obuktne-\ : '^-di-^-'pro'piomie 
(XXV), obtained as described above, crystallises in two forms, 
long, silky needles, and small, glistening plates. Both forms, as 
well as a mixture of the two, melt at 87^ (Found: C = 58-4; 
H = 6'5; M in freezing benzene 457. CgaHgoOgNg requires 
C - 58*6 ; H 6*7 per cent. ; M = 450). 

When the ester is warmed for a short time with an alcoholic 
solution containing two molecules of sodium ethoxidc, the retro- 
grade reaction takes place and the theoretical yield of ethyl a-cyano- 
■y-methylgliitacon^e can be recovered after pouring into hydro- 
chloric acid. 

The ester gives a-raethylglutaconic acid when hydrolysed with 
alcoholic potassium hydroxide. When acids arc used, the product 
is a mixture of the two cyc/obiitanc acids described below. 

trans-2 : i-Dkarboxy(^yQhbutane-\ : '^-di-y.^propionic Acid (XLIV). 
—The cydobutane ester (10 grams) was boiled \sith 100 ex. of 
20 i)er cent, hydrochloric acid for twenty-four hours. The 
product was concentrated and extracted with ether, and the 
extract dried with calcium chloride and evaporated. The mixture 
of stereoisomeric acids could not be caused to crystallise, and 
was therefore boiled for two hours with acetyl chloride. The 
cis-acid was thus converted into its anhydride, which dissolved in 
the acetyl chloride, wliiist the insoluble Ort?i^-acid became crystalline 
and could be collected by fdtration. After crystallisation from 
glacial acetic acid, it melted at (Found ; C 49*9 ; H = 5-6 ; 

by titration, = 289. CioHigOg requires C = 50-0; H - 5-5 
Percent.; A/ = 288). The acid is stable towards cold alkaline 

permanganate. 

cis.2:4-Dicar6oa‘ycyclo6w/u«e.l : 3-dl-x-propionic Acid (XLIV).-- 

he filtered acetyl chloride solution was evaporated in a vacuum 

3q=^ 2 
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over potassium hydroxide until all the acetio acid and acetyl 
chloride had been removed, and the residue exposed to moist air 
until crystalline. The acid obtained in this way melted at 144-. 
145° after crystallisation from ether (Found : C = 49^9 ; H = 6-3, 
CjgHjgOg requires C = 50-0; H = 5-5 per cent.). This melting 
point is very close to that of a-methylglutaric acid {which would 
give similar figures on analysis), but a mixture of the two melted 
at 130° ; moreover, the cis-cyc?obutane acid is stable towards cold 
alkaline permanganate. 

(D) Condensations heiiceen Dijferent Gluiaw^iic Esters : Condensation 
of Ethyl ct-Gyano-y-meihylgktiaconaie with Ethyl a.y-Dicarhoxy. 
glutaconate, Ethyl ay -Dicarboxyglutaconate with Ethyl a-Carb- 
oxyglutaconaie, and Ethyl a~Carboryyhilaconaie with Ethyl 
a-Cyano -y-methylglutaconate. 

General Method. — These condensations were carried out in the 
presence of piperidine by the general method described on p. 1783, 
with the difference that, in place of 20 grams of a pure ester, 
20 grams of a mixture of two esters in equivalent proportions was 
used. 

Ethyl %Cyano-2 : 4 ; 4-friwrhorycyclo6a/ane-l*wa?onate-3-K-pro- 
pionate (LIII). — This substance, wiiich is formed under the con- 
ditions mentioned above in tlic course of about two months, is a 
moderately viscous liquid boiling w'ith slight decomposition ai 
260°/15 mm. (Found : C ~ 5o-9; H — 6'4. C26H3,Oi2N requires 
C = oO-O; H ^ 6-7 per cent.). It gives a strong brownish-yellow 
coloration with ferric chloride and reduces permanganate and 
therefore may be assumed to contain at least one unsaturated 
isomeride in appreciable quantity. More than one appear to be 
pre.sent, but the investigation is still in progress. 

Ethyl 2 : 2 : 4 : 4 - Tetracarboxyayeiobutane - 1 - rnalonaie - 3 - acehde 
(LIX). — This substance was formed along with ethyl tetracarboxy- 
cyc/obutanediraalonatc (a-form) when ethyl dicarboxy^glutaconate 
and ethyl carboxyglutaconate w'ere condensed together. The two 
esters ^vere separated by fractional crystallisation from ether. 
Ethyl tetracarboxycyc/obutanemaloiiateacetate forms long needles, 
m. p. 92° (Found : C = 55^3 ; H = 7-3. C27H4QO14 requires 
C = 55T ; H = 6'9 per cent.), and is generally similar in its 
properties to ethyl tetracarboxycyc^obutanedimalonate. 

Ethyl 2-Cyano-2 : 4 : i-triairboxycyciobutane-l-acetate-d-oL'propon^ 
ate (LVIII). — Crystals of this ester began to appear half an hour 
after the commencement of the condensation, and the process was 
complete in less than one day. The ester was purified by crystal- 
lisation from light petroleum, from which it separated in stout 
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prisms, m. p. 81“ (Pound; 0 = 57-1; H = 6-7. CagHjjOuN 
requires C == 57*1 ; H = 6-8 per cent.). 

(E) IrUerconversion of the a-, ami e-Form of 2 : 4-Dicarboxy- 
cydobutane-l : 3-diacetic Acid. Properties of the y-Acid and 
^-Acid. 

The a- and [3-acids are formed side by side when ethyl tetra- 
carboxycyc/obutanedimalonate (a-form) is hydrolysed with boiling 
hydrochloric acid. Prolonging the boiling increases the proportion 
of the |3-acid, since the a-acid readily undergoes conversion into 
its isomeride on boiling with 20 per cent, hydrochloric acid. The 
same change takes place on boiling a concentrated acetic acid 
solution of the a-acid. 

Dianhydride of 2 : i-DicarhoxycyclobutaneA : 3-diaceric Acid (L).— 
The same dianhydride is produced when either the k- or p-form 
of the tetrabasic acid is boiled for one hour uith acetic anhydride. 
It crystallises on cooling and may be purified by recrystalhsation 
from the same solvent, and tlien melts at 235° (Found : C = 53 - 5 ; 
H = 3*5. CnjHgOg requires C 53-6; H 3.5 per cent.). 

On dissolving in warm sodium hydroxide, acidifying mth hydro- 
chloric acid, and extracting with ether, the a-acid is recovered in 
a pure condition. 

£- 2 : i-Dicarboxycyclobutane-l : 3-diacetic Acid (XLIII).— The 
p-acid is completely stable towards boiling 20 per cent, hydro- 
chloric acid, but on heating at 200 ° with 30 per cent, acid for five 
hours undergoes conversion into the t-acid, which, after crystal- 
hsation from W’ater, melts with decomposition at 223“ {Found: 
C = 45'9; H = 4-7. CjoHjoO^ requires C = 46*1 ; H ^ 4*6 per 
cent). 

The y and h^Acids.—The y-acid melts at 186°, a little higher 
than the temperature recorded by Guthzeit, Weiss, and Schlifer 
{he. cU.). Both the y-acid and the ^'-aci<i are stable towards 
hydrochloric acid at 180°. On boiling with acetic anhydride for 
a short time, the ^-acid yields a crystalline dianhydride, but we 
are unable to quote a good analysis for this substance because 
its hygroscopic character rendered weighing impossible. The 
dianilic acid prepared from the dianhydride was amorphous. The 
y-acid appeared to yield a hygroscopic syrupy anhydride which 
oould not be purified. 

IlIPERC.lL COLLECE OF SciESCE AVD TuCllMlLflCV, 

Sooth Kexsixotox. S,W.7. IBmivcd. June 2c»f, 1922.] 
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CCXIV . — The Preparation of Meihylguanidine, and oj 
pP-Dimethylguanidine by the Interaction of Li. 
cyanodiamide^ and Methylammonium and Dimethyl, 
ammonium Chlorides Respectively. 

By Emil Alphonse Werner and James Bell. 

In a previous coramunication (T., 1920, 117, 1133) it was showii 
that guanidine thiocyanate can he readily obtained, in a 90 per 
cent, yield, by heating a mixture of dicyanodiamide and ammonium 
thiocyanate at 120^, according to the equation 

(1) + 2NH4-SCN - 2CH5N3,HSCN. 

The reaction has now been extended to the preparation of 
methylguanidine, HN!C(NH,)*NH*CH 3 , and dimethylguanidine, 
HN:C(NH2)'N(CH3)2. 

In the meantime, Ewan and Young (J. Soc. Chem. Ind,, 1921,40, 
109t), in addition to confirming the authors’ results as regards 
the yield of guanidine thiocyanate, have obtained excellent yields 
of nitrate and sulphate of guanidine, respectively, using the cor- 
responding salts of ammonia in place of ammonium thiocyanate in 
the above equation (1), With ammonium chloride, however, the 
yield of the guanidine salt was not so good, on account of the high 
temperature required to effect fusion of the mixture. In the case 
of methylammonium and di methylammonium chlorides, this dis- 
advantage does not arise, and practically quantitative \delds of 
the substituted guanidine hydrochloiides have been readily obtained, 

It was suggested by the authors {loc. cit.), in explanation of the 
mechanism of reaction (1), that depolymerisation of dicyanodi- 
amide is the first phase in tlie change, the guanidine salt being 
formed from the union of cyan amide and the ammonium salt, thus. 
CN-NH, -f NHyHSCN HN:C(NH 2 )-NH 2 ,HSCN. Davis {Amtr. 
Chem. J., 1921, 43, 2234) found that when a mixture of dicyanodi- 
amide with two molecular proportions of ammonium nitrate was 
heated at 120^ for six hours, some diguanide nitrate, 

H2N-c(:nh)-nh*c(:nh)-nh2,hno3, 

was formed, whilst a considerable proportion of the original material 
was unchanged. At 130®, much guanidine nitrate was formed, 
and at 160®, after two hours, the latter salt was produced in amount 
equal to 86 per cent, of the theoretical. 

It was also proved that diguanide nitrate and ammonium nitrate, 
when fused together in molecular proportions, gave guanidine 
nitrate. 
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From these results, Davis concludes that “ the reaction there- 
fore is not dependent upon the depol 3 ’'merisation of dicyanodiamide 
as Werner and Bell have supposed.” 

This conclusion has, we think, no foundation in fact. There is 
no evidence that the formation of guanidine thiocyanate is de- 
pendent on the previous formation of diguanide in the experiments 
described by us. If the temperature is maintained below the point 
(120^) at which the guanidine salt is readily formed according to 
equation (1), the original substances can be largely recovered 
unchanged. Moreover, the formation of diguanidc under the 
conditions recorded by Davis, and the production of which was 
noticed also by Ewan and Young, does not prove that dicyanodi- 
amide is not depolymerised during the progress of the reaction. 
Bamberger and Dieckmann {Ber., 1892, 25, 54 o) obtained di- 
cnianide by heating a mixture of dicyanodiamide and ammonium 
chloride at 195°. Viewing the former a.s cya noguanidine,* the 
change was represented thus : 

(“>) HoN-c{:nh)*nh-cn + nh3,hci -v 

H2N-C(:nh)-nh-C(:nh)-nH2,hc!. 

According to these investigators, vhen guanidine hj^drochloride is 
heated at 180—185°, it is partly decomposed, yielding diguanide 
hydrochloride and armnoniuni chloride. This observation would 
seem to favour the view that guanidine is a precursor of diguanide 
in the reactions under con.si deration. 

Accepting equation (2) to explain the first sbq) in the change 
and assuming that diguanide there reacts with ammonia to form 
guanidine, Davis repre.sents the mechanism of the lin.al reaction, 
tliu.s : 

( 3 ) XH 3 .HXO 3 - 

2[h,x<'(:xh}-xh,,hxo3]. 

How guanidine is actually' formed is not made perfectly clear by 
this equation. 

* Tlif suggestion, so gcnerHlly tliat dicyanodiainide is oyano- 

guanifliiK^ was originally put forward by Baiubei’gt'r. d1i(' autliors have 
vrr)' strojig ronsons for not acct'ptiiig this vi(‘w ut its (’uustiiut ion. It is 
curious that no attempt Im.s hithorto been made to i>rove this formula by a 
direct synthesis. By tlie action of eyanogon bromide on free guanidine, one 
of us (W.) has obtained evitlenco of the foriuation of tlie true oyanoguanidine. 
It is a basic substance bearing no resemblance to dicyanodiamide. It is 
siifficlent to state here that in this reaction not a trace of dicyanodiamide 
was formed. Considering tlje stability of the latter in tlie static condition, 
it should be formed in such a reaction if it were evanognanidine. The theory 
of the mechanism of tlio polymerisation of eyanamide (Werner, T., H)15, 
107 , 716) does not suggest such a formula. 
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As a matter of fact, the production of diguanide from a salt of 
guanidine, and of guanidine from a diguanide salt by the action 
of heat, is a reversible change dependent on the temperature. 
The mechanism of the reactions is strictly comparable with that 
of the formation of biuret from carbamide, and of carbamide from 
biuret as described by Werner (T., 1913, 103, 2275). Thus when 
a guanidine salt is heated, we have as the first step, 

H2N*C(:NH)'NH2,HX NH3,HX + CN-NH^; 
diguanide being formed by the union of cyanamide with a portion 
of the unchanged guanidine salt. On the other hand, a diguanide 
salt, when heated, is decomposed into guanidine and cyanamide; 
if a salt of ammonia is present as shown in equation (3), then a 
second molecule of guanidine results from the interaction 

CN'NH^ + NH 3 ,HN 03 ^ H 2 N-C{:NH)-NH 2 ,HN 03 . . 

Whilst the formation of more or less diguanide, as an intermediate 
product, during the fusion of dicyanodiarnide with certain salts 
of ammonia depends on the temperature required to initiate the 
change, and on the rate of its progress, at no time is there much 
formed under the conditions which give rise to good yields of 
guanidine. 

The authors therefore see no reason for altering their views as 
regards the suggestion put forward to explain the mechanism of 
the formation of guanidine in their previous investigation. In 
the preparation of the two methylated guanidines, the formation 
of methyl derivatives of diguanide has been recognised during the 
progress of the changes. 

Experimental. 

Dimethylgiianidine , H 2 X-C(XH)*N(CH 3 ) 2 . — Expt. 1. An intimate 
mixture of dicyanodiarnide (4-2 grams) and dimethyl ammonium 
chloride (8-lo grams) was heated in a wide-mouthed test-tube 
partly immensed in a bath of glycerol. The tube was closed with 
a cork w^hich carried a loose-fitting thermometer, which also served 
as a stirrer. The mixture, which commenced to melt at about 
45*’, and wa.s completely fused at 130’, was heated at 180 for three 
hours. The clear viscous product, while still warm, was dissolved 
in 50 c.c. of pure alcohol, The cold solution, separated by filtration 
from a small quantity (0T4 gram) of insoluble material,* ga^ve, 
after concentration by evaporation, a viscous residue which set to 
a homogeneous, crystalline mass when allowed to cool in a vacuum 
over sulphuric acid. The absence of unchanged dimethylammonium 
chloride in the product was shown by the fact that it yielded nothing 
♦ This consisted of impurities present in the dicyanodiarnide used. 
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to extraction with pure dry chloroform, a solvent in which this 
salt is very freely soluble (Found: Cl = 28-66. CjHgNg^CI 
requires Cl = 28-74 per cent.). 

A platinichloride was prepared in orangc-rcd, octahedral crystals, 
which melted and decomposed at 210"' [Found : Pt = 33-59. 
( 03 HgN 3 ) 2 ,H 2 PtCl 6 requires Pt = 33-42 per cent.]. Schenck {Arch, 
phann-, 1912, 250, 306) gives ^25"" for the temperature of decom- 
position of the platinum derivative obtained from dimethylguanidine 
prepared from s-methylthiocarbamide in accordance with the change 

HN:C(NH2)-S-CH3 -I- HN(CH3)2 = HNICiNH^l-NiCHg)^ + CHg-SH. 

The platinichloride prepared by us for comparison from this source 
was identical in appearance with that given above, and melted at 
the same temperature (210°). The accuracy of the thermometer 
used by us was tested by means of pure substances of known melting 
points between 200° and 230°. 

A picrate prepared from the fusion product melted at 227°. 
Schenck gives 230° for the picrate of dimethylguanidine prepared 
by this method. 

Formation of l)imethyldigitanide—'E»x'pt. 2. Under the conditions 
described above, the yield of dimethylguanidine hydrochloride is 
practically quantitative. When the fused mixture of dicyanodi- 
amide and dimethylammonium chloride was maintained for three 
and a half hours at 120°, a considerable residue (5-5 grams) was 
left after extraction of the product with alcohol as in expt. 1. By 
crystallisation from water, dimethyldiguanide hydrochloride was 
obtained in colourles.s, glistening prisms which melted at 232° 
(Found : Cl = 21-60. C 4 H^jN 5 ,HCI requires Cl = 21-45 per cent.). 
The picrate, pale yellow needles froin water, melted at 219°. 

Preparaiion of Melhylguanidine^ H 2 N*C(.’NH)-NH-CH 3 .— Expt. 3, 
A mixture of dicyanodiamide (4-2 grams) and methylammonium 
chloride (6-75 grams) was dealt with as in expt. 1. The mixture, 
which commenced to melt at 85°, and was completely fused at 125°, 
was heated for tlirec hours at 180° to complete the interaction. 
The alcoholic solution of the product, filtered to remove a trace of 
impurity, gave, after evaporation of the solvent, a crystalline 
residue of pure melhylguanidine hydrochloride. The dry salt is 
very hygroscopic (Konnd: Cl = 32-48. CgH^XgjHCl requires 
01 - 32-41 per cent.). A platinichloride was prepared, deep orange- 
red, stout, rhombic prisms which melted at 175° [Found : Pt = 
35- 18. (C 2 H.N 3 ) 2 ,H 2 PtClg recpiircs Pt = 35-11 per cent.]. Schenck 
{loc. cit.) gives m. p. 194 — 195° for the corresponding platinum salt 
prepared from methylguanidine obtained by the action of methyl- 
amine on s-methylthiocarbamide. The picrate, pale yellow, spherical 
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aggregates, decomposed at 285® without melting. The formation 
of methyldiguanide hydrochloride, as an intermediate product, in 
the above reaction was not considered of sufficient interest for 
further investigation. 

University Chemical Laboratory, 

Trinity College, Dublin. ^ [ Received , August 2 nd , 1.922.] 


CCXV . — Autorednctron of Sulphurous Acid. 

By Gborge MAODorfALD Bennett. 

The decomposition of sulphurous acid in aqueous solution has 
been repeatedly observed, but the reaction is usually a slow one 
unless fairly high temperatures are used. Thus dilute solutions of 
sulphur dioxide, exposed to sunlight for two months, yield sulphur 
and sulphuric acid [Jakresber., 1873, 164). The reaction represented 
by the equation — 2 H 2 SO 4 + ^ occurs when 

dilute solutions of sulphur dioxide arc heated for several hours 
imder high pres.sure in sealed tubes at 150 — 180® (Berthelot, A nn. 
chim. phys., 1898, [vii], 14, 289). 

The sulphites, bisulphites, and in eta hi sulphites also undergo 
autoreduction when heated at 150 — 200°, with production of sulphur 
and a sulphate and sometimes the thiosulphate (Geuther, Anmkn, 
1884, 224, 218 ; Divers, T., 1885, 47, 205). It is explicitly stated 
by Barbaglia and Giucci [Ber., 1880, 13, 2325) that the interaction 
of sulphur dioxide and a sulphite could not be detected during eight 
hours’ heating at 140°. 

The slow decompo.sition of sulpliurous acid, which gives as ultimate 
products sulphur and sulphuric acid, w'as studied in greater detail 
by Jungfleisch and Brunei [Campt. rend., 1913, 156, 1719). By 
sealing the solid hydrate in tubes, they attained concentrations of 
sulphur dioxide much higher than those in Berthelot’ s experiments. 
By this means the reaction was observed in the course of several 
days’ heating at 100 ° or during longer periods at lower temperatures. 
Evidence was quoted to .show that the yellow solution first produced 
in these experiments contained hyposulphurous acid, HgSgOj, 
which then decomposed to give sulphuric acid and sulphur. 

It has now been found that sulphurous acid, liberated in solution 
from its salts at temperatures of 100 — 120 ° or lower, may undergo 
instantaneous autoreduction with production of hydrogen sulphide. 
The reaction is best seen by dropping pow^dered sodium sulphite 
or metabisulphite, or saturated solutions of these salts, into hot 
aqueous sulphuric acid of 60 — 70 per cent, concentration, to which 
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a small quantity of antimonious oxide has previously been added. 
Xhe orange sulphide appears immediately or on further heating. 
The antimony salt is not a catalyst necessary to the reaction, for 
it may be added afterwards or used to show the presence of hydrogen 
sulphide in the evolved gases by passing them over the moist oxide. 
Traces of the sulphides of mercury, lead, and copper are also obtained 
by sudden dilution of hot sulphuric or phosphoric acid solutions to 
which the oxide of the metal in question has been added and then 
solid sodium sulphite or metabisulphite. 

This reaction may be assumed to follow the equation 4H2SO3 — 
H2S + 3H2SO4, corresponding to the change occurring when solid 
sodium sulphite is heated above 150°, namely, 4Na2S03 — NagS -h 
3Na2S04. 

It represents a possible intermediate stage in the liberation of 
free sulphur; this further reaction may, in fact, sometimes be 
observed in the above cases. 

It appears, moreover, that this rapid autorcduction occurs only 
with sulphurous acid liberated from its salts, for all attempts to 
obtain it by using gaseous sulphur dioxide, saturated solutions, or 
the solid hydrate in place of the sulphites gave negative results. 
It seems possible that the high reducing power of the sulphurous 
acid under these conditions may be due to the momentary existence 
of the acid of the unsymmetrical formula, H-SOg'OH, produced 
from a corresponding metallic salt such as was postulated by Divers 
and Shim id zu (T., 1886, 49, 577). 

The Chemical Department, 

Guy's Hospital ^Iedical School, S.E. 1. [ Received , July IQth , 1922.] 


eeXVL— ^4 Method for the Preparation of aj^jS-Tri- 
alkylated Glutaric Adds. 

By George Arman d Robert Kon and Jocelyn Field 
Thorpe. 

The influence of substituents on the direction of the valencies of a 
carbon atom, particularly the effect of a ^cm-di alkyl grouping or a 
ring complex, has been the subject of a number of researches in 
these laboratories, and its great importance can scarcely be doubted. 
More recently (Kon, Stevenson, and Thorpe, tliis voL, p. 650), it 
was shown that an additional substituent in the a-position can 
have a profound effect on the direction of the valencies and hence 
on the capacity of a substituted glutaric acid to pass into a cyclic 
structure. An examination of this effect is evidently of great 
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interest, but the difficulty of preparing suitable acids for investiga- 
tion has, up to the present, made this impossible. 

An attempt was therefore made to adapt Guareschi's method by 
w^hich p{i-disubstituted glutaric acids are usually prepared, using 
a-cyanopropionic ester instead of cyanoacetic ester. It was hoped 
in this way to produce compounds of type I which on hydrolysis 
would jield aocp|3-tetrasubstituted acids of type II : 


(I-) 


^ ^CMe(CN)-CO 
^2^CMe(CiN)*CO 


>NH 


CR3< 


CHMe-COgH 

CHMe-COaH 


(II.) 


Unfortunately, it was only possible to obtain such a condensation 
product in one case, namely, that of cyc/ohexanone, and even in 
that instance the amount formed was so small as to render the 
method valueless for practical purposes. The work was therefore 
abandoned and the problem attacked from another direction. 

The condensation products of ketones wi’th ethyl cyanoacetate 
and ammonia which serve as a source of [i[i>disubstituted glutaric 
acids and possess the general structure (HI), w^ere shown by 
Guarescbi to behave as dibasic acids corresponding with a dicnol 
form to which he (.U/i E. Accad. Sci. Torino, 1 901, [ii], 50 , 235) 
assigned the formula IV rather than VI : 


till.) 


™.<S!SSS1»<h 


C(CN):C(OH)'" 


A consideration of a metallic derivative, such as the sodium com- 
pound, of this enol form (U^) reveals its great similarity with the 
sodium derivative of, for example, the diketoupocamphoric ester 
(V) of Komppa, which, although it is strongly enolic in character, 


(V.) 


/CH(C0.3Kt)-C0 

CH(C02Et)'C0 




yet reacts, in the form of its sodium derivative, with methyl iodide 
yielding a methyl derivative having tlu‘ methyl group attached to 
carbon {Annahn, 1909, 368, 120). It might therefore be expected 
that the sodium derivative of the dieiiol form (IV) would react with 
alkylating agents like methyl iodide and yield mono- and di-alkyl 
derivatives, having alkyl groups attaehed to the carbon atoms 
marked (*), which would yield the desired acids on hydrolysis. 
The matter was tested experimentally, using the dicyanoimidcs 
(VII) and (VIII) as typical examples ; 


(VIL) (VIII.) 

It was found that by the action of methyl iodide or methyl 
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sulphate in the presence of excess of sodium methoxide, dimethyl 
derivatives of these compounds could easily be prepared in good 
yield. On hydrolysing the new compounds, however, it was found 
that only one alkyl group was attached to carbon, since the gem- 
dimethyl compound {IX) yields a[i[i-trimethylglutaric acid (X) 
and not aa|3p-tetramethylglutaric acid on hydrolysis; similarly, 
the cyclohexane compound (XI) gives a-methylcyc^ohexane-1 : 1- 
diacetic acid (XII) : 


,tx > TMe <®fe(CN)-CO>^^j ^CHMe'CO.H 

nu /CH,-CH,-v. „/C.Mc(CX)-CO 
(XI.) CH2<gjj^.gjj^>C ''CH(CX)--CO^^^^® 

/CIIMc'CO.H .y <CII(CX)-CO>^.^j 

(XII.) (.Xlll.) 


It is possible readily to ascertain the position of the second entering 
alkyl group, which might, from the evidence afforded by hydrolysis, 
be attached either to nitrogen or to oxygen, because the compound 
(IX) is also formed on methylating the X-methyl derivative (XIII) 
obtained by Guareschi from acetone, ethyl cyaiioacetate, and methyl- 
amine. It might therefore be concluded that formula VI in all 
probability represents the dienol form of Guareschi ’.s cyanoimides, 
were it not for the remarkable fact that it appears to be impossible 
to lie.stroy the acid nature of the dicyanoimides by alkylation with 
the ordinary reagents such as methyl iodide in the presence of 
sodium methoxide; the compounds retain one hydrogen with great 
tenacity. An attempt was made to re})Iace this hydrogen by means 
of the usual etherifyiiig agents such as alcohol and sulphuric acid, 
but without success, and therefore it must be concluded that the 
compound dialkylatcs in the form \'l and that the remaining 
hydrogen then becomes ( iiolic as in XIV and cannot be replaced 
by ordinary means, b('ing tlie last mobile liydrogcii atom of the 
tuitomei'ic sy-stem. 


(XIV.) 




CMe(OX)-CO 

C(GX):c(ou) 


>XMe 


For this reason, only a-monosubstituted glutaric acids can be 
prepared by the method now described, but, owing to the easy 
manipulation and good yields obtained, the method should prove 
of considerable \alue. It a])pcare(i to he of interest to discover 
whether the first alkyl group to enter the molecule attaclies it.self 
to carbon or to nitrogen. For this ])ur[)ose a few experiments were 
carried out using only one equivalent of sodium to one of imide. 
The evidence accumulated up to the present is rather inconclusive, 
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because the 3 rields obtained under these conditions are poor and 
mixtures of compounds are produced. In the case of the cyclo- 
hexane compound (VIII) some of the iV-methyl derivative was 
isolated in addition to the dimethyl compound, whilst the gem^ 
dimethyl compound (VII) gave an equimolecular mixture of the 
C-methyl and the V-methyl dcrivative.s mixed with a small quantity 
of the compound (IX). It is interesting to note, however, that 
when ethyl bromide was used as an alkylating agent, only O-mono- 
substitution products were obtained even with an excess of sodium 
ethoxide; the second ethyl group attaches itself to nitrogen, but 
can only be introduced with some difficulty. 

Experimental. 

The method adopted for the alkylation of the Guareschi com- 
pounds consists in dissolving sodium (1, 2, or 3 molecular pro- 
portions) in alcohol (methyl or ethyl), and adding the imide to the 
solution with vigorous shaking. An excess of the alkyl haloid is 
then added and the mixture boiled under reflux until neutral. It 
was found that the cyclohexane compound (VIII) was the most 
readily alkylated; the dimethyl compound (VII) required more 
time and was usually allowed to react over- night. 

When the reaction is complete, the excess of alkyl haloid and the 
greater part of the alcohol are evaporated off, and the mixture is 
diluted with water and acidified with hydrochloric acid. The new 
imide usually separates in a solid form, otherwise rubbing with 
ether or alcohol is necessary to induce crystallisation. 

Alkylation with methyl sulphate was found to work satisfactorily, 
although three molecular proportions of sodium methoxide have 
to be employed to obtain a good \Ield . An excess of methyl sulphate 
is very carefully added with constant shaking to the previously 
cooled solution of the imide in methyl -alcoholic sodium methoxide. 
The reaction is violent and is complete in a few minutes. It is 
then necessary to destroy the excess of methyl .sulphate by rendering 
the now^ acid liquid alkaline with sodium hydroxide and warming 
until the addition of water no longer causes cloudiness, Jlost of 
the alcohol is then evaporated, water is added, and the liquid is 
acidified when cold. The yield of the new' compound is almost 
theoretical. Unfortunately, it has not been found possible to use 
ethyl sulphate in the same way, as it was found to remain unchanged. 

Alkylation of the w-/u??de of 'xcc'-Dki/ano-fi^'dimethylglutaric Acid 
(VIT). ^ 

(1) Monomethylatiotu — The imide (15*2 grams) was treated with 
sodium methoxide (1 mol.) in about 60 c.c. of methyl alcohol, and 
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excess of methyl iodide. The crude product was obtained as a dark 
red oil, which solidified in contact with alcohol and was purified by 
spreading on porous porcelain. The yield of crude methylation 
product was about 50 per cent. 

By rccrystallisation from 95 per cent, alcohol the following 
compounds were isolated : (1) A small quantity (less than 1 gram) 
crystallising from methyl alcohol in spherical aggregates of fine, 
ylkv needles melting at 143 — 144®, identical with the dimethyl 
compound described below, (ii) A substance crystallising from 
ethyl alcohol in aggregates of thick prisms melting at 129 — 130°, 
and constituting the greater part of the reaction product. This, 
in spite of its definite properties, appears to be a mixture of 
the C- and iV- methyl derivatives (Found : C — 58-51 ; H — 5-65. 
QiijHiiOgNg requires C ~ 58-50; H — 541 per cent.), because on 
hydrolysis an equimolecular mixture of ap [3 -trimethyl- and (3(i- 
dimethyl-glutaric acids is obtained. So far the pure constituents 
have not been isolated. 

(2) Dimetkylation. — With two or, preferably, three molecular 
proportions of sodium methoxide and excess of methyl sulphate, 
the ^~methyl’(D‘iniide of acid (IX) 

is obtained in almost quantitative yield. After repeated crystalfis- 
atioii from methyl alcohol, this compound is obtained in spherical 
aggregates of fine, silky needles melting at 143—144® (Found : 
0 — 60-45; H ^ 6-06. CnH^ 30 j,N 3 requires C ^ 60-25 ; H — 5-98 
per cent.). 

On attempting further methylation, the compound is recovered 
unchanged. It is also produced on methylation of the A-methyl 
imide (XIII) (p. 1797) with either methyl iodide or methyl sulphate. 

The same compound is obtained in a different crystalline form, 
namely, in stout, hexagonal prisms melting about 1“ higher, if the 
methylation is carried out by means of methyl iodide ; the yield in 
this case is less satisfactory, being usually about 60 per cent. The 
compound has the same composition as the above (Found : 
C — 60-25; H = G-Ol per cent.), and an intimate mixture of the 
two melts at 143 — 144®. The solubility of the two forms is, however, 
different, the form crystallising in needles being the more soluble. 
A conversion of one form into the other {“ seeding of a saturated 
solution of one form with a crystal of the other) could not be 
achieved, but, on attempting to methylate the more soluble form 
hy means of methyl iodide and sodium methoxide, the compound 
was recovered in the less soluble form. 

On hydrolysis by means of sulphuric acid (Thole and Thorpe’s 
method), both forms give a very good yield of aj^fi-triniethylglutaric 
acid (\, p. 1797) which crystallises well from a mixture of benzene and 
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light petroleum {b. p. 60 — 80*^) in transparent crystals belonging to 
the orthorhombic system, melting at 87—88® (Found : C = 5549 ; 
H = 8-14. Calc., C = 55*lo; H - 8*10 per cent.). The acid is 
identical with that obtained by Mr, Iv, C. Pandya of this College by 
Crossley’s method (T., 1901, 79, 147) and readily gives the 
characteristic semianilide melting at 150 . 

(3) Monoethylaiion —T:he action of ethyl bromide in the presence 
of sodium ethoxide, even in large excess, on the imidc causes the 
entrance of only one alkyl group and that is attached to carbon. 
The (i}-imide of acid^ 

is obtained in about 80 per cent, yield (crude) and crystallises 
well from alcohol, forming sparkling, hexagonal plates melting at 
207— : C- 59-93; H = 5-98. CnHiaOaNg requires 
C = 60-25; H == 5-98 per cent.). This compound can be further 
ethylated by boiling its solution, in excess of alcoholic sodium 
ethoxide, with ethyd bromide for about eighteen hours. The 
product obtained is a mixture consisting of the original com- 
pound with a new substance, the latter predominating. The new 
compound, which is the ^-ethyl-^-iynide of aa -dicycino-^^-ditnethyJ- 

a-dhjlglutaric acid, can be separated 

by repeated crystallisation from ethyl alcoliol and is filially obtained 
in fine, rhombic plates melting at 113 — in'" (hound: C — 63-14, 
H - 7-15. CigHi^OgNg requires C = 63-13 ; H - 6-92 per cent.). 

On hydrolysis, a good yield of v.-ethyl-';i^-diinethylyluUiriC acid, 
COaH-CHEt'CMeg-CHyCOoH, is obtained from both the above 
compounds. The acid crystallises from a mixture of benzene and 
light petroleum (b. p. 60—80") in aggregates of rhombic prisms 
melting at 112—113° (Found: C — 57-72; H •= 8-65. C 9 Hie 04 
requires C = 57*41 ; H = 8-56 per cent.). 

The anhydride was only obtained in tlie form of an oil, it was 
therefore converted into the semianiUde^ which readily solidified 
and separated from dilute alcohol in small, colourless needles 


melting at 136® (Found: C — 68-33; 
requires G = 68-39; H — 8-05 per cent.). 


H-8-14. CiAjOgN 


Alkijlaiion of the ojJmide of ^.x-Dicyanocydohexane-l : l-diacetic 
Acid (VllI). 

(1) Monometkylation . — This was carried out exactly as described 
in the case of the yem-dimethyl compound. The yield of methylation 
product was about 45 per cent. ; the following compounds were 
isolated by repeated crystaUiaation from alcohol: (i) Slender 
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needles melting at 175 — 176° and forming about half of the original 
mixture. The compound is evidently Squintani’s i\^-methyl 
derivative {R‘ Accad, Sci. Torino, 1912 — 13, 48, 675), as shown by 
analysis (Found : C = 63-62; H = 6-08. Calc., C == 63-67; H = 
( 3.12 per cent.), and the formation of cyc^ohexane-l : l-diacetic acid 
on hydrolysis, (ii) Rhombic prisms, melting at 164^165°, consist- 
ing of the methyl- w-imide of aot'-dicyano-x-mcthylc^/cfohexane- 
1 : l-diacetic acid (XI) identical with the dimethyl compound 
described below (Found: 0 = 64-96; H = 6-94. 
requires C = 64-83; H — 6-60 per cent.). 

( 2 ) Dirnetkylation. — This is best achieved by using a large excess 
of alcoholic sodium meth oxide and methyl iodide, which leads to 
an almost theoretical yield of the new- compound. Methyl sulphate 
can also be used, but a pure product is not usually obtained unless 
the methylation is repeated. 

The methylation product consists of tw-o substances, of which one 
occurs only in very small amount and sometimes not at all. This 
is readily separated, as it is insoluble in alkali ; on crystallisation 
from alcohol, it forms small needles melting at 212° (Found : 
0 = 74-22; H — 8-73; X = 10-81. CiQH220X2refpiiresC =74-36; 
H = 8-60; N = 10-81 percent.). The constitution of this substance 
has not yet been determined. 

The second substance is the 'N-mdkyl-<»-imkk of o:x’dkyano- 
yi-methykyclohexane-l : l-diaceiic acid (IX), -wliich crystallises from 
methyl or ethyl alcohol in fine, colourless needles melting at 166° 
(Found : C = 64'80; H = 0-69; X" = 16-57. 762 X ^3 requires 

C = 64-83; H = 6-60; N = 16-22 per cent.). 

On hydrolysis witli sulphuric acid, the imidc yields ^-mefhjl- 
Qyc\ohexanc-l : l-diacdic acid (XIT), which crystallises from a 
mixture of benzene and liglit petroleum (b. p. 60—80°) or from 
dilute alcohol in hexagonal prisms melting at 144 — 145° (Found : 
C = 61-34; 11 - 8-52. requires C = 61-65; H = 8-45 

per cent,). The acid i.s far more soluble in benzene than the parent 
o/c/ohoxaiu-diaert le acid, which it resembles in other respects. 

The anhydndi' of the acid is readily obtained in the usual wav 
and crystallises from light petroleum (b. p. 60 — 80°) in fine, iridescent 
needles melting at 62° (Found : 0 = 67-12 ; H = 8-16. 
requires C = 07*21 ; H = 8-21 per cent.). 

(3) Monodhylatioii . — The (peration is earried out in the same way 
as \nth the f/cw -dimethyl conqiound {.see p. 1800), using two mole- 
cular pro])ortions of sodium ethoxide; a good yield of the new 
compound is obtained. The main product is accompanied by a 
"^cry small amount of a neutral substance crystallising in small 
needles, melting at 205°, doubtless analogous to the by-product 
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obtained in the methylation of the imide (VIII) (see p. 1801). The 
main product crystallises from alcohol, in which it is rather sparingly 
soluble, in silvery plates melting at 226 — 228®, but the melting point 
is not quite sharp. It is the w-imide of •dicyano-a-etkyhych- 

hemne-\ : l-diacetic acid, (Found : 

C = 64-52 ; H = 6-80. C 14 H 17 O 2 N 3 requires C = 64-83 ; H = 6-60 
percent.). 

Further ethylation of this compound proceeds with some diihculty 
and leads to the formation of the ^i-ethyl-w-imide of acc'-dicyano- 

•7 n TT 'n 

a-e%i!cyclo//-e.ra?je-l : l-dmcetic acul, 

which forms fine, silky. Hattcned needles, melting at 163-5° after 
repeated crystallisation from alcohol. It is more soluble in alcohol 
than the preceding compound (Found: C-- 66-12; H 7-47. 
C.sHo.OnN, requires C = 66-84 ; H = 7-38 per cent.). 

Both the above compounds, on hydrolysis witli sulphuric acid, give 

ri u 'p / 6 ;HEt’COi>H 

the same a-e%fcycloteane-l : , 

which crystallises from dilute alcohol in elongated prisms melting 
at 187®. It appears to be almost insoluble in benzene (Found : 
C == 62-92 ; K 8-80. C 12 H 20 O 4 requires C = 63-11 ; H - S-S.i 
per cent.). The anhydride and semianilide were prepared, but 
could not be obtained in a crystalline form. 

Condensation of cyc\oHe.mnone and Ethyl :,^Cya nopropionate. -- 
5-4 Grams of cyr/ohexanone were condensed with 14 grams of the 
ester, using the method previon.sly described (Kon and Thorpe, 
T 1919 115, 693). After forty-eiglit hours standing, the liquid 
had deposited colourless crystals (0-75 gram), whicli were 
expected ammonium salt. These were colh^ctcd and purified by 
crystallisation from alcohol or acetic acid, being obtained fi’o™ the 
latter in fern-like aggregates of prisms melting at l 49^ Ihe 
empirical formula of the substance appears to be 
(Found : C - 73-65; H ^ 8-34; N =- lb80. C.^H^oON^ requires 
C ^ 73-70; H — 8-27 ; N = 11-47 per cent.), but its constitution 

has not yet been elucidated. , 

On diluting and acidif^\ing, the liquid reaction mixture depositeu 
a small amount (about 1 gram) of a white, crystalline solid aftei 
sUnding for several days ; in some experiments none was obtained. 
The substance formed a microcrj^stalline powder melting at m- 
182® and con.sisted of the tJ^■imuh of aa'-djcyflno-aa -dimef 

. ■ j n 1 j 7>NH (Found : 

cyc[ohexane-\ : 

C = 64-75 ; H = 6-60 ; N = 16-48. ChH^O^Nj requires C = 64-83; 
H — 6-60; N = 16-22 per cent.). 
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The action of cold concentrated sulphuric acid on this imide leads, 
as in other similar cases (see Kon and Thorpe, loc. 694), to 

the formation of fce (a4mide of aa •dicarhamyUoia:’ ^dimethylcyclo- 

Uxane^l : l-diacetic acid, 

forms a highly insoluble, microcrystalline powder which can be 
recrystallised from a large quantity of glacial acetic acid and melts 
with decomposition at 270 — 271° (Found : C — 56-85; H = 7-20; 
N = 14-30. C14H21O4N3 requires C - 56-98 ; H = 7-1 2 ; N = 14-24 
per cent.). The non- nitrogenous acid was not prepared owing to 
lack of material. 

The experiments described in the last section were carried out 
by Mr. W. H. Gough, M.Sc., to whom our thanks are due. 

The Imperial College of Scie.nce and Technology, 

South Kensington. [deceived, July 20th, 1922.] 


eeXVIL — Condensation of Phenols with the Hydro- 
chlorides of Cyanamides and Carhodi-imides^ and 
its Relation to the Hoesch Reaction, 

By Wallace Frank Short and John Charles Smith. 

The reactions involved in Hoesclrs method [Her,, 1915, 48, 1122) 
for the preparation of aromatic hydroxy-ketones were assumed by 
its author to be the following : 

R-CN -5!^ R-CC1:NH CeH3(OH).,-C'E:NH.HCl ^ 

C8H3(0H),-0R:0 + NHjCI. 

Evidence in support of such a serie.s of reactions has been brought 
forward by Stephen (T., 1920, 117, 1529), who showed that the 
(jj-chlororcsacctophcnone, CgH 3 (OH) 2 ’CO-CH 2 Cl, obtained by Sonn 
(Ber., 1917, 50, 1262) by condensijig chloroacetonitrile with resor- 
cinol according to Hoesch ’s method, can also be obtained by warming 
ehloroacetiraide chloride, CH^CI'CCI.'XH, with resorcinol. In a 
similar manner, Stephen condensed certain .A' -substituted imino- 
chlorides with resorcinol and obtained the anils of the correspond- 
ing hydroxy-ketones, and has suggested the formation of an inter- 
mediate imino-ether which subsequently changes into the anil : 

C6H4(oh)2 + r-cci:nr^ -> 

CeH3(OH)2‘CR:NR'. 

It seemed desirable to determine whether the introduction of a 
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basic group into the nitrile or A^-substituted imino-chloride would 
change the nature of its reaction with phenols. The derivatives 
of cyanamide and of the hypothetical <ihIoroformamidine, 
H 2 N*CCliNH, were chosen for this investigation because, if these 
behaved in a normal manner, a new method for the preparation 
of substituted benzarnidines would have resulted. The condensa- 
tion of cyanamide itself vith resorcinol by the Hoesch method leads 
to the precipitation of cyanamide di hydrochloride, which slowly 
reacts with the resorcinol to produce a small quantity of resaurin. 
The same product is obtained by fusing together cyanamide di- 
hydrochloride and resorcinol. This result leads to NH 3 *CCl 2 *NH>, 
as the most probable formula for cyanamide dihydrochloride, the 
reaction taking place according to the equation 

3G,H,(OH).,+(mL),CGl2 --^ 0:C,H3(0H):C[C,H3(0H)2]2 + 2NH,C]. 
Further, it seems reasonable to suppose that the small quantity 
of highly coloured by-product frequently obtained in the Hoesch 
reaction is an aurin produced in the same way. 

Attempts to prepare cyanamide monoliydrochloride were not 
successful, and the condensation of a mixture of cyanamide di- 
hydrochloride (0‘o mol.) and cyanamide (0-5 mol.) with sodium 
phenoxide (1 mol.) did not lead to the production of the phenyl 
ether of fsocarbamide, but to the regeneration of phenol and forma- 
tion of dicyanodiamide. 

Although it is stated in tlie literature (compare Beilstein’s “ Hand- 
buch der organischen Clicmie that the substituted cyanamides 
do not unite with hydrogen chloride, we have found tliat dibenzyl- 
cyanamide form.s a .stable dihydroehloride, winch also condenses 
with resorcinol to produce resaurin. 

The condensation of carbodiphcnylimide monohydrochloridc with 
phenols by gentle warming leads to the production of ethers of 
diphenjdii^ocarbaraide. These substances have been prepared 
by Busch, Blumo, and Bungs (J. jpr. Chem-.y 1909, [ii], 79 , 513) 
by the condensation of phenols witli carbodipiicnyliraide at a rela- 
tively high temperature. Since the maximum yield of ethers is 
obtained by emplo^dng one equivalent of hydrogen chloride, it is 
evident that the monohydrochloridc of carbodiphenylimidc is 
involved, 

NHPh-CCJ:m -f C6H4(OH).,->HO*C,HpO*C(:NPh)'NHPh,HCl, 

and the reaction supports the suggestion made by Stephen [lot. cit.). 
At the same time, attempts to cause the 0- ethers to undergo 
isomeric change, wdtli migration of the ’C(;NPh)*NHPh group into 
the nucleus in the ortho- or para-position, were unsuccessful. That 
this is due to the introduction of an additional basic group into the 
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molecule seems probable from the fact that the p-nitrophenyl ether 
of diphenylwocarbamide undergoes a different isomeric change, 
into p-nitrotriphenylcarbainidc. 

At higher temperatures, resorcinol condenses \vith carbodiphenyl- 
imide monohydrochloridc to produce resaurin. Since the w- 
hydroxyphenyl ether of diphenyh^ocarbamide, produced by the 
interaction of resorcinol and carbodiphenylimidc monohydrochloride 
at lower temperatures, does not condense with resorcinol to pro- 
duce resaurin, it seems clear that the production of the latter is 
due to the formation of carbodiphenylimidc dihydrochloride. 
This conclusion is confirmed by the fact that carbodiphenylimide 
dihydrochloride condenses with resorcinol according to the equation 
NHPh-CCla’KHPh + 3C0H4(OH)2-> 0:C6H3{0H):C[C6H3(0H)2], 

+ 2NH2Ph,HCl, 

and the constitution of the di hydrochloride is at the same time 
elucidated. 

It is interesting to note that phenol, which does not give the Hoesch 
reaction, is also incapable of producing aurins, although it gives 
rise to ethers. At the same time, it has been found that whereas 
resorcinol yields resaurin on fusion with potassium hydrogen 
carbonate, phenol does not give rise to aurin. As a result of this 
observation, it is possible to explain the reaction wliich takes place 
on fusing cinnamic acid with resorcinol and anhydrous zinc chloride. 
Bargellini and Marantonio {Atii E. Accad. Liiicei, 1908, [v], 17, 
ii, 119) state that the product of this reaction is 2 : 4-dihydroxy- 
phenyl styryl ketone. Stephen {loc. cit.) failed to obtain a trace 
of this ketone, but observed that the product consisted of a red 
substance, which he did not examine further. The red product 
contains resaurin, and styrene is simultaneously liberated. 

4 - CHPh:CH-CO.,H CHPldCH., + 2H2O + 

[C.H3(oh)2]2c:c6H3(oh):o. 


Experimental. 

Cyammide DihydrocMoride and Resorcinol . — By passing dry 
hydrogen chloride into a .solution of resorcinol and cyanaraide in 
anhydrous etlier, with or \cithout addition of anhydrous zinc 
chloride, cyanamide diliydroehloride is precipitated: a small 
quantity of resaurin may be obtained from the solution. 

A mixture of cyanamide (1 mol.) and resorcinol (3 mols.) Avas 
heated at 170® for three hours, and the product extracted Avith 
water; ammonium chloride and dicyanodiamide were obtained 
from, the solution, and the residue consisted of resaurin. The 
last substance has been briefly described by Nencki and Sieber 
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{J. pr. Ckem.f 1881, [ii], 23 , 547). It is a brick-red, hygroscopic 
solid, slightly soluble in water, easily soluble in methyl or ethy] 
alcohol or acetone, moderately soluble in ethyl acetate or ether, and 
practically insoluble in chloroform, light petroleum, benzene, or 
toluene. It is easily soluble in sodium carbonate, but much less 
soluble in sodium hydrogen carbonate. In alkaline solution, it 
has a beautiful dark red colour. Dilute solutions exhibit an 
intense green fluorescence, especially in the presence of a trace of 
ammonia. On heating, it does not melt, but darkens between 
230"^ and 240®, apparently Avith some decomposition, No acetyl 
or benzoyl derivative could be obtained. For this reason, the 
production of resaurin in all the reactions mentioned in this paper 
was confirmed by carrying out an analysis of the red substance 
after purification by repeated crystallisation from dilute alcohol 
and drying at 110°. 

Dihenzylctjammide Dihydrochloride . — Three grams of dibenzyl- 
cyanamide, dissolved in 10 c.c. of anhydrous ether, were treated 
with a current of dry hydrogen chloride for two minutes. If the 
stream of hydrogen chloride is continued, the faintly coloured oil 
precipitated Avill be redissolved and can only be recovered by the 
addition of a large volume of ether. The oil soon crystallises and 
is then ivashed with ether. Colourless cubes, melting at 130 — 133° 
Avith slight decomposition, are obtained (Found : Cl = 24*0, 
23-8; N = 9-54, Ci5Hi4N2,2HCI requires Cl -= 24-07; N== 9-49 
per cent,). Dibenzylcyanamide dihydrochloride is decomposed by 
cold Avater into its constituents. It may also be obtained by passing 
dry hydrogen chloride into the molten cyanamide, in an atmosphere 
of the same gas. 

Dibenzylcyanamide and Resorcinol . — Resorcinol (11 grams ; 3 mols.) 
was dissolved in dry ether (100 c.c.) and dibenzylcyanamide (7-4 
grams ; 1 mol.) added. A current of dry hydrogen chloride pro- 
duced a heavy, red, oily layer, Avhich Avas extracted with Avater 
and cold dilute sodium hydroxide. The aqueous extract Avas con- 
centrated in a vacuum and treated Avith strong caustic soda solution, 
Ammonia Avas CAmlved and a smalt cpiantity of light oil separated. 
The latter was taken up in ether and the dry solution dmded 
into two parts. The first AA^as treated with a current of dry hydrogen 
chloride ; the aa hite precipitate thus obtained melted at 256° after 
reerystallisation from absolute alcohol. Paal and Gerum {Ber., 
1909, 42 , 1557) state that dibenzylamine hydrochloride melts at 
257 — 258°. The ether Avas removed from the second portion of 
the solution, and the residue acetylated by the Schotten- Baumann 
method. The purified acetyl derivative melted at 93° (Found; 
N = 6-00. Cj^HpON requires N ~ 5-86 per cent,). 
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The alkaline extract, on acidification, yielded a small quantity 
of rcsaurin (Found : C = 66*95; H — 4*20 per cent.). 

Examination of the residue insoluble in water and sodium hydr- 
oxide showed that it consisted of dibenzylcy an amide. 

The same products were obtained by warming di benzylcyanamide 
dihj^drochlorido with resorcinol. 

The Condensation of Carbodiphenj/lmide Monohydrochloride with 
phenols . — The preparation of pure carbodiplienylimide mono- 
hydrochloride (Stieglitz and Lengfeld, Amer. Chem. J 1895, 17, 
98 ) is an extremely tedious operation. Fortunately, the i.solation 
of this substance proved to bo unnecessary, since the use of a re- 
a(*tion mixture containing one equivalent of hydrogen chloride was 
found to give the same results as the pure hydrochloride. Since 
the phenyl ethers of diphenyh^ocarbamide have already been 
described (Busch, Blume, and Pungs, loc. cU.), the follomng is 
sufficient to illustrate the mode of procedure. 

Phenyl Ether of iiioDiphenylcarbamide, CgH--0'C{!NPh)*NHPh.— 
*-Carbodiphenylimide (9*7 grams ; 1 mol.) was dissolved in 80 c.c. 
of dry benzene and treated with dry hydrogen chloride until the 
increase in weight amounted to 1*8 grams {I mol.). Phenol (4.7 
grams; 1 mol.) was added, the solvent removed under diminished 
pressure; and the residue heated for five minutes at a temperature 
slightly above its setting-point. When cold, the product was 
neutralised with o per cent, alcoholic sodium hydroxide, and in this 
way 12 grams of the phenyl ether of diphenylwocarbamide (m. p. 
104— lOo"*) were obtained from the alcoholic solution. 

The p-tolyl and |5 -naphthyl ethers of diphenyh‘sc>carbamide were 
similarly prepared and were found to have the properties described 
by Busch, Blume, and Pungs {loc. cit.). The p-nitrophenyl ether, 
however, was found to melt at 105° and not at 100°, as given by 
these authors; its conversion into p-nitrotriphenylcarbainide was 
confirmed by heating a pure sample at 160°. 

Carbodiphenylim.ide MoJiohydrochloride and Resorcinol . — The m- 
hydroxyphenyl ether of diphenyh^ocarbaniide was obtained in the 
same way by heating the reactants, at 100" for a short time. The 
yield was 80 per cent, of the theoretical, and the product identical 
with that obtained by Busch, Blume, and Pungs; no y-carbo- 
diphenylimide was formed as by-product in our preparation. 

On condensing carbodiphcnvlimide m on ohydroc Monde with 
resorcinol at 130°, a dark red, viscous oil wms obtained, which proved 
to consist of a mixture of the O-ether, carbodiphenylimide, aniline 
h}'drochloride, and resaurin. 

Carbodiphenylimide Dihydrochloride and Resorcinol.—Odihodh 
phenyliniide dihydrochloride (6*7 grams; 1 mol.) was treated with 
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a solution of 8-3 grams (1 mol.) of resorcinol in ether (50 c.c.) ; the 
solvent was then removed and the residue maintained at ISO*^ for 
an hour. When cold, the product was rendered alkaline with 
dilute sodium hydroxide and distilled in a current of steam. The 
oily distillate was shown to be amline, whilst resaurin was pre. 
cipitated from the residue by acidification with hydrochloric acid. 

Cinnamic Acid and Resorcinol . — Resorcinol (16’5 grams; 3 mois.) 
was mixed with cinnamic acid (74 grams; 1 mol.) together with 
powdered zinc chlodde (3 grams), and the mixture slowly heated to 
160*^ in an oil- bath. The dark red mass evolved steam containing 
a small q^uantity of an oil, wiiich was identified as styrene by 
bromination (styrene dibromide, m. p. 74°). The residue contained 
resaurin, but no trace of 2 : 4 -dihydroxy phenyl styryl ketone could 
be detected. 

The authors desire to thank Professor Worley for facilities placed 
at their disposal in connexion with this investigation. 

Chemical Department, 

University Colleqe, 

Auckland, N.Z. [Received, February ith, 1022.] 


CCXVIII . — The Alathematics of the Dicyclic Colour 
Theory, and a New Theory of the Structure oj 
the Nitrogeyi Atom. 

By James IMoir. 

Last year the author put for^vard the conception that the cause 
of colour in a “ dicyclic ” substance is the performance of an oval 
orbit by an electron going round the whole molecule (T., 1921, 
119 , 1657). The time of revolution of the electron was taken to 
be identical with the time required for light to travel over a lengtli 
equal to the absorption wave-length of the coloured substance. 

Professor W. N. Roseveare of Pietermaritzburg now supplies 
the following mathematical investigation of the problem, whereby 
it is shown, using the ordinary law’s of dynamics, that an electron 
attracted by two equal positive nuclei can describe a certain elliptic 
orbit having its foci at the nuclei. The electron must cross the 
line of foci at right angles and ^\ith a velocity wLich is prescribed 
in terms of its distance, 5, at that moment from the nuclei. 
Professor Roseveare also obtains a formula for calculating the 
periodic time of revolution in the orbit in terms of the focal (inter- 
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focal) distance and the eccentricity of the ellipse, from which 
important deductions concerning the direction of the valencies 
of the carbon, nitrogen, and oxygen atoms are made by using the 
data of the colour observations. 

Mathermtical Investigation. 

Let S and 8' be the centres of force and C the middle of the 
jine joining them. Let the electron have crossed this line at 
right angles outside 8' at with velocity u. 


t 

S I, S’ 

Let CE^ -= a and C8 = c. 

The equation of tangential motion is : 

__ /i dr ^ dr' 

ds ds r'^ ds ‘ 

This on integration gives : 

If the path is an elUpse with foci 88', r ^ r' ~ 2a and rr' = b'^, b' 
being the radius conjugate to CE, Then 

= (i) 


From the preliminary conditions we find 


_ 2a 


(ii) 


Hence the path of the electron can be an ellipse 8 and 8' 
as foci provided that the equation of normal motion be satisfied, 
namely, 

p r r'2 r' ' 

^^herein ? — ^ and n -- b'^iab. 

r r b ' ' 


Thus 

silence 


fl6F2_ , I 

~ ^b' r'^ 
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Hence, comparing (i) and (iii), we have K = l/o. whence Horn (li) 

we have , i i i 

_ 2a _ 1 _ 1 ^ Lil. (iv) 

2/a “ 62 a a ‘ 1 - * 

This equation gives the eccentricity of the clUpse “ 
initial vdocity and the distance of the electron from th m^-pomt 
of the positive forces. The latter, a, is probably praotioaUy constant 
since the electron must pass close to the auxochrome gro^s, and 
the eccentricity is also consequently high, and probably constant- 
according to the quantum theory necessarily conhned to a set ol 

constant values, all probably high. 

The time of revolution is calculated as follows ; 

Equation (iii) for the velocity at any point is revratten with the 

substitutions a: = a cos <)> and y = 6 sin d>, V being jj. 

f d<f^ 2ft / 2a2 \ 

Then {a^ sin^ cf> -i- 6^ cos^ ^ j - - \ ) 

2fi (2a^ — (a^ si n^ <j> + 6^ cos^ ( j))\ 


Hence, putting for — 6^, 




■Itdt- 


sin2 

\/a2 -f c2 cos2 4 > 


r dt = a (I- cos2 <!>) (1 + cos^ d>)'‘ d<l>- 

V a 

Hence, by integration, 


when 


a* 

(- 


n=0 

^1.3.0 . . 271-1 

2 4 . 6 . , . 271 ’ 


Thus, since cos^^ ^ ^n. 


we have = (-)" Sc'* 2-^^ (l + : 


= 2v 1 




271 

2?i — I 

11 n^3^5\2 
5 V2 .4.6 


+ etc. j 


The scries on the right is convergent and, when the eccentncity 
is given, can be evaluated numerically (for example, when e - 5^ 

‘'iSwe^have to Important result that the periodic time^as m 
simple eUiptic orbits round one nucleus, is proportional to 
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three-halves power of the length of the major axis of the ellipse, 
that is, T = and when the eccentricity is practically prescribed 
by the auxochrome, the periodic time is proportional to since 
c^ae. 

Explanation of the Colour Factors, 

In the paper quoted, the linkage-factors for methylene-, imino-, 
0 X 0 - , and thio-groups were given as respectively 0-65, 0*78, 0-891, 
and 0-92. 

Now according to the present mathematical theory these four 
figures must be in the ratio of the four periodic times of revolution 
in the four different eUipses associated with the four prototype 
coloured substances [for example, dihydroxybcnzhj^cbol, dihydroxy- 
diphenyl hydroxy lamine indophonol), and the corresponding per- 
oxides and sulph oxides]. 

Therefore, from the foregoing theory we can find the ratio of 
the sizes of the ellipses (the ratios between their major axes) by 
extracting the two- thirds root of the four colour factors. The 
results are respectively 0-750, 0-847, 0-926, and 0-946. 

The value unity now belong.s to the imaginary major axi.s of an 
orbit going round two phenoxide- rings side by side, to which tiie 
vibration X 1380 was as.signed in the first paper of this series. To 
eliminate this imaginary factor we multiply the above four figures 
by (1 ^ 0-926), thus making the oxygen compound the standard 
one. 

The sizes of the four ellipses are then 0-810, 0-915, 1-000, and 
1 - 021 . 

I now suggest a simple physical explanation of these figures, 
namely (1) that in the ox o- compound the molecule is in one straight 
line 0— CJTjvl') ; (2) that in the methylene componnd 

the two halves of the molecule lie at the angle governed by the 



carbon tetrahedron (109-4‘) Cgll^ CgH^; (3) that in the 

. 1 * ’. 4 ' 

imino -com pound the angle between the benzene rings is 133^ 
when the compound is exliibiting its chief absorption band, and is 
(probably) 120^ and 107^ for subsidiary bauds. 

The distance between A and in the methylene compound is 
related to the distance between *1 and A' in the oxo-compound 
by a ratio which is the sine of half the angle of deviation, assuming 
that the carbon atom is only very slightly different in size from 
the oxygen atom. Now the sine of l()9-4";2 is just greater than 
the figure 0-81 found above for the methylene componnd. If the 
oxygen atom is about 5 per cent, v ider than tlie methylene-carbon 

3 R 2 



1812 THE MATHEMATICS OF THE DICYCEIC COLOUR THEORY, ETC. 

atom, the ratio of the distances A A' in the two cases is exactly 
0-81, using the tetrahedral angle of 1094°. 

This being established, we can employ the colour data to find 
the hitherto unknown angle between the valencies of tervalent 
nitrogen. The fraction 0*915 is the sine of half the req^uired angle, 
which is 132*^. This becomes 133'' if we assume the nitrogen atom 
to be intermediate in diameter between carbon and oxygen. This 
result is quite different from the angle assumed in the Hantzsoh- 
Werner hypothesis (109°) and is also larger than the angle (120*') 
resulting from three equal plane valencies; but I do not think 
there is any evidence against the conception of three vmqual 
])lam valencies, the different combinations of which would explain 
the isomerism of the oximes, and would not involve the very 
definite asymmetry in the compounds Nabc which the Hantzsch- 
Werner hypothesis requires. 

Now most of the phenazines, phenoxazines, and phenthiazines 
exhibit two bands at once in their spectrum. If this really connotes 
two simultaneous or alternative orbits, we can employ the measure^ 
ments of the subsidiary bands to calculate the other angle (or 
angles) between the valencies of nitrogen. The imino-linkage 
colour-factor for this lower band is about 0*72 (that of the main 
band being 0*78). The two -thirds root of 0*72 is 0*80, and 
0*80 - 0*926 = 0*86. This is therefore the sine of half the required 
angle, which is 120" when corrected for the size of the nitrogen 
atom compared with oxygen. 

We thus obtain 133° and 120° as the angles between two pairs 
of valencies in tervalent nitrogen. If the valencies are plane, the 
remaining angle is 360°— 253° or 107°. if they are not plane, 
the third angle is smaller than tliis. 

As regards the thio-compoimds, of size 1-021, I suggest that 
they are straight like the oxo-compounds, and that the 2*1 per 
cent, difference is merely due to the larger diameter of the sulphur 
atom, which is known to have two octets of electrons instead of 
the one possessed by carbon, nitrogen, and oxygen. 

Su mmiu'ij. 

(a) The oxo-colour-factor 0-891 is |^0-926 sin ^ * 

{b) The two imino-factors, 0-78 and 0*72, are respectively 
^0-926 sin j and (o-926 sin j , with a small correction 
for the smaller size of the nitrogen atom. 

(c) The methylene-factor 0-65 is ^0-926 sin - j with an 
analogous small correction. 
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(d) The factor 0-926 is apparently the ratio of the size of the 
molecule of dihydroxydiphenyl oxide to the size of two juxtaposed 
molecules of phenol (both substances supposed ionised) and represents 
the contraction on replacing two para-hydrogen atoms by the oxo- 
linking. 

Government Laboratory, 

Hospital Street, Johannesburg. [Received, May 1922.] 


CCXIX.—T^^e Equilibria in Aqueous Solutions of the 
Alkali Metal Bisulphites, 

By Edward Charles Cyril Baly and Robert Arthur 
Bailey. 

The conditions which exist in aqueous solutions of the alkali metal 
bisulphites have been investigated by several observers, chiefly 
by spectrographic methods, but no satisfactory conclusions have 
been drawn. Wright (T., 1914, 105, 2909) investigated the ab- 
sorption spectra of aqueous solutions of sulphur dioxide and of 
the normal sulphites, and he concluded that the former contain 
a large proportion of uncombined molecules of sulphur dioxide, 
since the absorption curves are similar to those exhibited by the 
gas. Carrett (T., 1915, 107 , 1324) found that aqueous solutions 
of sulphur dioxide, when half neutralised by rubidium, potassium, 
sodium, or ammonium hydroxide, showed no selective absorption, 
but that after these solutions were alloued to remain in the light 
an absorption band appeared at X — 276 /x/i, the maximum 
absorptive power being developed in about twenty-eight days. 
Since the same phenomenon was shown by solutions of the meta- 
bisulphites, he drew the conclusion that on exposure to light an 
equilibrium was established : 

H^O + N'agSgOj ~ 2A^aHS03 (reaction in solution) 

2NaHS03 rr: NagSOg -f H2SO3 (light reaction) 

H2SO3 + (a; — l)H2b (reaction in solution). 

Although the absorption band was identical in position ^^dth that 
shown by aqueous solutions of sulpliur dioxide, the absorptive 
power of solutions of equal concent ration varied vith the metallic 
radicle, and was always much smaller than that of the free acid. 
The phenomenon was not observed with the bisulphite solutions 
when these were protected from light. Schaeffer and his co-workers 
[2i. Elikirocliem,^^ 1915, 21 , 181; Z. anorg. Chem., 1918, 104 , 212) 
also observed this time plienonieuoii and further found tliat selec- 
tive absorption is shown both by freshly prepared solutions of 
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potassium metabiaulphite and by solutions of sodium sulphite 
containing one equivalent of sulphuric acid. Since he found no 
selective absorption with half-noutralised solutions of sulphur 
dioxide, he considered that the end-point had been reached immedr- 
ately. He concluded that the selective absorption imtially shown 
is due to an isomeric form of the bisulphite molecule. 

In an investigation of the additive compounds formed by sodium 
and potassium bi.sulphites we have found it necessary to reopen 
the question, and the results obtained would seem to afiord an 
explanation of the conditions which exist in these solutions. In 
the following account of our results the absorptive power is cx. 
pressed in terms of the molecular extinction coefficient, whmh is 
given by log [IJI) X 1/C’fl, where IJI is the ratio of intensity of 
the incident and the transmitted light, C is the concentration in 
gram-molecules per litre, and D is the tliickness in centimetres of 
the solution employed. 

We first investigated the absorption spectra of solutions of 
sulphur dioxide which had been prepared with water free from 
carbon dioxide and then half neutralised by sodium, potassium, or 
rubidium hydroxide. In each case the freshly prepared sobtion 
exhibited an absorption band at A = 257 /ig and this band was 
also shown by a freshly prepared solution of poUssium meta- 
bisulphite. On exposing these solutions m stoppered flasks to 
livht it was found that this absorption band disappeared, its place 
being taken by a second band at A -- 270,./.. the change being 
accompanied by a marked increase in the absorptive power. The 
velocity of this change increases very materially with dilution, 
since in the case of very dilute solutions it takes place even m the 
dark, whilst with a 6-25.l/-solntion it is incomplete even after 
many days, a broadening of the band towards the red only eing 
observed. It seems probable, therefore, that the phenomenon is 
due to an ionic reaction of some kind, very possibly oxidatiom 
This explanation receives supjiort from the results obtaine 3 
Matthews and his cO’ workers {J. Fkii-^‘ic(d Chem., 1913, , • 

J. Amer. Chem. Soc., 1917, 39, 635) in their experiments on the 
photo-oxidation of sodium sulphite in solution. Tliey foun a 
benzaldehyde, phenol, and pyridine act as very efficient nega ive 
catalysts in this reaction, but we were unable to employ this 
method owing to the powerful selective absorption excTte ) 
these substances. We have, however, proved Uiat the c lange is 
due to oxidation by the use of solutions from which aii was en ire\ 
excluded. 0*1, 0-05, and 0*025 ^/-Solutions were made of poUssium 
metahisulphite in air-free water, and these were divided into ^ 
portions. Stoppered bottles were completely filled with e 
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portion and after the stopper had been inserted it was covered with 
paraffin wax. The other portion was placed in stoppered flasks 
containing some air, and both bottles and flasks were exposed to 
light. After the lapse of several days the bottles and flasks were 
opened and their contents titrated against a standard iodine solu- 
tion. When the three solutions were first made up, 25 c.c. of the 
iodine solution required 16*84, 33*70, and 67*40 c.c., respectively, 
of the three solutions, and the following table shows the titration 
values after stated periods of time, 25 c.c. of the iodine solution 


jing used in each case. 





Titre of solution 

Titre of solution 

Concentration. 

Time in days. 

in sealed bottles. 

in flasks, 

0-lK 

10 

16-85 c.c. 

23-00 c.c. 


26 

16-85 „ 


OOSAf 

8 

:i3-67 „ 

45-62 „ 


25 

33-72 „ 


0025M 

6 

67-51 ,, 

110-4 „ 


2.5 

67-49 „ 



The absorption spectra of the solutions were observed at the same 
time as the titrations were made, and the curves obtained for the 
0 -ldf-solutions are shown in Fig. 1. Whereas no change was 
noted in the case of the air-free solutions, the change in the position 
of the absorption band exhibited by the aerated solution is \ve]\ 
marked, together with the increase in moleoLiIar extinction from 
27-3 to 72-5. In the case of the 0' 025.1/ -solutions, after six days’ 
exposure to light, the absorption curve of the oxidised portion 
approximates to that of a mixture of equal volumes of 0053/- 
potassium sulphate and 0*053/-sulphur dioxide solutions. It is 
obvious therefore that the time reaction C(.)nsists in the photo- 
oxidation of the HSO 3 ' ion. 

There still remains to be explained the absorption band at 
\ = 257 fifi, and we have succeeded in finding the origin of this 
band by a comparison of the absorptive power with the concen- 
tration of the constituents as determined by conductivity measure- 
ments. In order to prove that this method of comparison is trust- 
worthy, we first of all determined the two sets of data for aqueous 
solutions of sulphur dioxide, in which case the following equilibrium 

^ H2SO3 H* -f HS03\ 

Since the concentration of S 02 ,xH 20 is directly proportional to 
the concentration of HgSOjj, it is proportional to the total amount 
of sulphur dioxide present in the non-ionised condition. The 
latter can be determined from the conductivity measurements 
made by Lindner {MonaUh., 1912, 33, 613), and hence the con- 
centration of S 02 , 3 'H 20 may be assumed to be proportional to the 
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difference between the molecular conductivity at infinite dilution 
(398) and the molecular conductivity at the dilution required. 
The proportional concentration of SOgjxHgO as determined from 



i"-> ■ I Ly 1 1 -_I 

2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 


• Immcdiutdif on soin. i 

A X Ajitrl^daya. \airjrte. 

o Ajkr 26 days. \ 

B Ajttr 10 (layn in fiaaks, 

conductivity and spectrograph ic measurements can thus be com- 
pared, and the two curves, A and A', are shown in Fig. 2, The 
similarity in type between these two curves justifies us in using 
the same method to determine whether the absorption band at 
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A = 257 11 ^, shown by freshly prepared solutions of potassium 
metabisulphite, is due to the KHSO 3 molecule. Barth’s values for 
the conductivity of potassium hydrogen sulphite solutions were 



Scale A 100 200 300 400 500 

Scale B 20 40 60 80 100 


used (Z. pkymkal. Clie.m., 1892, 9, 176), but since these did not 
extend to greater concentrations than J//32, extended them to 
as far as the concentration il//10. The value of was taken as 
126-79, and the conductivity and spectrographic measurements 

3b» 
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are shown by the curves B and B' in Fig. 2. The marked difference 
in type between these two curves proves that the absorption band 
at X = 257 fx^ is not due to potassium hydrogen sulphite. 

On the other hand, the extinction coefficient, log (/q//) X Ijt), 
which is a measure of the actual concentration of the absorbing 
substance, was found in the case of potassium metabisulphitc 
solutions to decrease to rather less than one-fourth when the con- 
centration w^as reduced to one-half. The actual values obtained 
were as follow : 

Concentraiion 0-5 0-25 0-1 0-05 0-025.1/ 

Extinction coefficient 91 20 2-73 O G 0-125 

In the equilibrium 2K’ + 2HSO3' 2KHSO3 7=^ K2S2O5 + HgO, if 
X be the initial concentration of potassium hydrogen sulphite and 
y that of the meta bisulphite, we have, the concentration of water 
being constant, x^jy = K. Neglecting ionisation and taking y as 
small compared with x, then, if the concentration be halved, the 
concentration of potassium hydrogen sulphite will be x/2 and 
the new concentration, y’, of potassium metabisulphite will be 
given by ~ K, whence y' ~ yji, This agrees with the 

observed facts, a discrepancy being caused by ionisation, which 
increases with dilution and hence reduces the effective concentration 
of the potassium hydrogen sulphite. It may therefore be con- 
cluded that the absorption band at 257 p/i, initially shown by 
solutions of potassium metabisulplaite and solutions of sulphur 
dioxide half neutralised by sodium, potassium, or rubidium hydr- 
oxide, is due to a small proportion of metabisulphite present in the 
equilibrium. It is evident that the concentration of the meta- 
bisulphite is small from a comparison of the molecular extinctions 
of solutions of potassium metabisulphite and of S02,a:H20 of equal 
molecular concentration. Thus, wdth 0'025d/-solutions, the mole- 
cular extinction of the metabisulphite is 5, ivhilst that of 
is 171. In a solution, therefore, of a bisulphite of this concen- 
tration there is present metabisulphitc to the extent of 2*9 per cent, 
of the amount of S02,a:H20 present in a solution of sulphur dioxide 
of the same concentration, tlieS02,irH20 being itself only a proportion 
of the total sulphur dioxide content. 

The following series of equilibria therefore exist in an air-free 
solution of potassium ractabisulphite or potassium hydrogen 
sulphite : 

'K' Q n + SoOg' {probable, but not yet proved) 1 

2^2^6r^2KHS03 [ ^ 

and KHSOg K’ -[- HSO3' (one stage dissociation only)! 
with the result that the solution shows the absorption band due to 
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potassium metabisulphite. On exposure to air and light, photo- 
oxidation takes place : 

K’ + HSO 3 ' K* f HSO/; 

the ionisation then proceeds one stage further (Noyes, Nelcher, 
Cooper, and Eastman, physikaL Ckfm.y 1910, 70, 335; Jones 
and West, Amer. Chem. J., 1910, 34, 357). 

K* -h HSO/ TC* + ir + SO4". 

A rearrangement then takes place : 

K*+H'+S0/'+K-+HS03' -> K‘+K- I SO/'+n'+HSOg' 1 jj 
and H'+HSOa' — H^SOa — SOj.jjHjO. / 

The absorption hand of potassium inetabisulphitc then'fore dis- 
appears and the absorption band of makes its appearance, 

the absorptive power increasiiig to a maximum when half-oxidation 
is complete. 

On further oxidation, a decrease in absorptive power takes place 
owing to the oxidation of the H 8 O 3 ' ion given by the dissociation 
of the H 2 SO 3 molecule in the equilibrium II, with tlie result that 
the concentration of the 8 () 2 ,a;H<jO decreases. 

It has been noted by Milbauer and Pa?oourck [Chem. Listy, 1921, 
15, 34) that concentrated solution.^ of normal sulphites undergo 
oxidation very slowly, and this is in agreement with the observation, 
recorded above, that 0 -251/- solutions of potassium metabisulphite 
only show incomplete oxidation after many days. 

The absorption curves of 0-02 51/ -so hit ions of sulphurous acid, 
potassium metabisulphite, and sodium sulphite are sliowm on 
Fig. 3, and it is evident that these three substances exert strong 
absorptive power for rays of smaller wave-length than X = 220 ju/x. 
In all probability, therefore, the selective absorption due to these 
three molecules will be found in the extreme ultra-violet region, 
and we hope to investigate this in tlie near future. 

It may be pointed out that these results do not support in any 
way the existence of two isomeric modifications of the bisulphite 
molecule as suggested by Schaeffer, and tliat they support the 
conclusions drawn by Barth {loc. cit.), and by Pascal from magneto- 
chemical data [Compt. rend, 1921, 173, 712). 

It is of some interest to note that the two ab-orplion bands at 
X = 257 fip and 276 mi conform to the integral relation established 
hy one of us (Baly, Phil Mag., 1914, [vi], 27, 632; 29, 223; 1915, 
[vi], 30, 510) between the frequencies of the absorption bands 
exhibited by a given substance. In this case, tlic absorbing mole- 
cule is sulphur dioxide, and it exhibits three absorption bands 
according to whether it exists as gaseous 80^, 

^SOgjSOg. The fundamental molecular wave-iiunibor of sulphur 

3 R *2 
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dioxide is 135-1, and therefore the wave- numbers of the three bands 
should be integral multiples of this. The following table shows 
that this relationship holds good, the shift of about 1-8 p/jt towards 



2200 2400 2(i00 2B00 3000 


the red being the normal effect observed with solutions as compared 
with gases, 

Wavo-number Wave-length Wave-longth Origin of 
of band. of band calc, of band obs. band. 

25 A 135^ 3377'5 200- 1 ru 290-1 mm SOj 

27 x 135 1 3047-7 274*1 mm 276-Omm 

29 x 135-1 3917*9 255-2 mm 257-0 mm K,S0„S0j 
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Summary. 

( 1 ) In ^ueous solutions of bisulphites there is present in the 
equilibrium a small proportion of raetabisulphite which absorbs 
light of wave-length 257 /x/x. 

( 2 ) In the absence of oxygen, these solutions are stable in light, 
but if oxygen is present photo- oxidation of the HSO 3 ion takes 
place, followed by an ionic rearrangement whereby normal sulphate, 
sulphurous acid, and hydrated sulphur dioxide are produced. The 
solution then shows the absorption band at A = 276 /x/x character- 
istic of the hydrated sulphur dioxide. 

( 3 ) No isomerism of sulphite molecules has been detected. The 
absorption bands of sulphurous acid, bisulphite, and sulphite 
molecules lie in the extreme ultra-violet. 

( 4 ) The characteristic ultra-violet frequencies of sulphur dioxide, 
hydrated sulphur dioxide, and potassium metabisulpliite are integral 
multiples of the fundamental molecular frequency of sulphur 
dioxide in the infra-red. 

In conclusion, we tender our thanks to the Department of 
Scientific and Industrial Research for a grant to one of us (R. A. B.) 
which has enabled this investigation to be carried out. 

The University, 

Liverpool. [Hectwtdy J uhj 22nd, 1922.] 


CCXX — TAe Formation and Stability of spiro-C^o??i- 
pounds. Part IX. The Influence on Stability 
of Groups of High Molecidar Weight. 

By Stanley Francis Birch and .Iocklyn Field Thorpe. 

In Part VI of this series (T., 1921, 119, 1315) it wa.s sho^\Ti that the 
relative stability of the c^/dohexane derivative (II) as compared 
with that of the dimethyl compound (I), due to the alteration of 
the tetrahedral angle of 109‘5° in the latter case to 107 ’2“ in the 
former, was of such an order as to render it possible to detect the 
effect of the change by means of a reaction, carried out under mild 
conditions, which was then described. 

It was found, for example, that Hie dicyano-acid (I) readily 
underwent ring fission, yielding the hydroxy-acid (III), whereas 
the cyclohexane acid (IT), under similar conditions, remained 
unchanged. 
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Me'^ ^CH{CN)-CO 


Me 

Me 


r C(CN)'C0 
(V.) 


(IV.) 


Me-..p/C(CN)-CO,,] 

Me'^^^C{CN)-CO,] 

(I.) 

Me 


,H 


Me 


,H pTT /CH2-CH2^(.^9(CN)-C02 
'h ^C{CN)-C02H 

( 11 .) 

\ CHlCNj-COjH 

>C(OH) I (III-) 

C(CN)-COjH 


This method seemed, therefore, likely to be a useful one for 
determining the comparative stab.hty of simdariy constituted 
ring structures, and this proved to be the ease, for it has now been 
found that the reaction by which the dicyanodicarboxylic acids 
(types I and II) were prepared is a general one and that these com- 
pounds, or their fission products, can always be prepared from the 
relevant imide (type V) under special conditions. „ 

In brief the method involves the preparation of the Guarcschi 
compound’ (IV) (in this case from acetone), its conversion into the 
ring imide (V) l)V the aid of bromine, and the hydrolysis of this 
to the dicyanodicarboxylic acid (II) when it is stable, or to the 
hvdroxv-oiien-chain acid (HI) when ring fission occurs. 

It is evident that by employing a selected number of the many 
ketones which yield Giiareschi compounds, a large field is at once 
opened for the study of ring structures, differing only in the char- 
acter of the groups attached to the p-carbon atom, and which are 
therefore admirably suited for purposes of comparison. 

The discovery of the new method is of importance for two reasons. 
In the first place, it is more sensitive than tliat hitherto used, 
which involved a study of the relative stability of the oyo opropiuie 
acids of the general type (VI), a companson which is strictly limited 
iu its application because, excepting in tlic case of 
in the gem-dimethyi .series whicli yields tcrebic acid, it was no 
found possible to isolate any definite products owing to the fact 
that ring fission was accompanied in every case by deep-seated 
i^radarion, leading to the formation of much free oarbo ■ 
Secondly, it provided a means wlierehy it would he possib e to in- 
vestigate the behaviour of groups of molecular weiglit greater than 
that of the methyl group on tlic stability of the ring sys oms 

It” e remembered that altliough wc have, « *0 earlier paj 
of the series, established our hypothesis regardmg the f f 
change caused by a definite alteration of the tetrahedral . g . 
due to the inclusion of two of the valencies of the f^-arbon J 
a ring complex, experiments have recently been earned out (cob 
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pare Deshapande and Thorpe, this voh, p. 1430) which show that the 
effect, on the next carbon atom of a chain, of two linked carbon 
atoms is greater than that of one. 

^ 109 ° 28 ' - X 109 ° 28 ' Et^^^CH^COgH 

c-c^ \c c/ \c fit ^CH'CO.H 

Thus the behaviour of the diethyl compound (VI), as regards 
its stability and also as shown by the occurrence of tautomerism 
between its hydroxy-derivative atid the open-chain form, indicated 
that the gfem- diethyl group exercised an effect on the tetrahedral 
angle which Avas between that caused by the dimethyl group and 
that produced by the ct/c?ohexane ring. 

We have therefore examined the stability of the dicyanodicarb- 

oxylic acids, CO^H’ diethyl ketone, R = R'= Et, 

from methyl w-hexyl ketone, R — Me ; R' — CgHjg, from cydo- 
pentanone, R + R' — C 4 Hgt, and from benzyl methyl ketone, 
R = Me ; R' = CHgPh, and we find that all these substances 
are broken down respectively into the open- chain acids, 
0H*GRR''C(CN)(C02H)*CH(CN)-C02H. 

It is evident, therefore, that none of these ring acids approaches 
in stability that derived from cyci!ohexanone (II) and that the 
attachment of groups of high molecular weight and those having 
long carbon chains does not affect the tetrahedral angle to an extent 
greater than that exercised by the cydohexane complex. The 
method, unfortunately, does not enable us to differentiate between 
those compounds which undergo fission because, under the experi- 
mental conditions employed, the ring is either completely destroyed 
or it remains unattacked. In other words, the reaction is so rapid 
that it does not appear to be possible to devise any scries of experi- 
ments by which its rate might be dete mined. It is hoped, however, 
that another method of attack, 'which is now^ being investigated, 
will give us the desired information. 

It is desirable to place on record two curious facts which have 
been discovered during the course of this investigation, but for 
which we are not, at present, in a position to offer an adequate 
explanation. Having established, from our experiments in the 
dimethyl and diethyl series and those described in this paper, 
the fact that the volume of a carbon atom atlacbed to one of the 
valencies of a carbon atom is increased by the linl^ing of another 
carbon atom to it, but that this volume effect is small, even w’hen six 
carbon atoms are linked as in the methyl hexyl series, compared 
'vith that produced by the cyciohexane ring, wc decided to ascer- 
tain whether any change in the tetrahedral angle could be detected 
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by replacing one of the hydrogen atoms of the cyclohexane ring 
by a methyl group. We prepared, therefore, the ring iinides (VII) 
and (VIII) from 4- and 3-methylcyciohexanone, respectively, and 
found that the presence of the methyl group had in each case 
destroyed the stability characteristic of the unsubstituted ring 
dicyan 0 - acid (II) and that the hydroxy>acids (IX) and (X) were 
the sole products formed by the reagent used. 


CH< 




■C(CN)'CO 

CHlCNl’COgH 


CHMe( )C-OH 

'^'-C(CN)-C02H 


(IX.) 


ch/ 


C-OH 


CH(CN)-C02H 


(X.) 


-(l!(CN)-CO,H 

More experimental work on this important point is needed before 
we can draw a definite conclusion as to the cause of this remarkable 
change in stability. 

It was mentioned in Part VI {loc, cit,) that the degradation of the 
cyclic imides (type V) constituted a useful method for preparing 
cyclopropane derivatives of type VI. The experiments in the 
present communication still further illustrate this point, and the 
acids (VI), (XI), (XIl), and (XIII) have been prepared by this 
means : 

Mevp/CH‘(X)JI p „ .px'CH-CO.H Me-^p/CH-CO^H 
^CH‘C02H ' ^CH’CO^H CH^Ph'"^ ""CH-CO.H 
(XI.) “ (XII.) " (XUI.) 

Indeed, in the case of the benzyl methyl acid (XIII), the process 
is, apparently, the only obvious one by which the cyclic acid can 
be obtained, because, as shown by Kon and Stevenson (T., 1921, 
119 , 87), the glutaric acid (XIV) from which it would otherwise 
have to be prepared cannot be obtained by the hydrolysis of the 
Guareschi compound (XV), since the conditions necessary to produce 
hydrolysis lead to the formation of the naphthalene derivative (XVI) 


Me-^p^CH(CX)-CO^.._ 


CH2Ph^^'^CH2-C02H 


(XV.) 


OH, 


'\/\n 


CMe-CH2-C02H 

OUn 


(XIV.) 


(XVI.) 


CO 
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It is important to note that all these acids were prepared through 

the amide of type , which is readily produced 

from the ring imide of type V by a method described in the 
experimental portion. 


Experimental. 

The dicyanO'imides required for this research were prepared by 
the modification of Guareschi’s method described by Kon (T., 
1921, 119 , 818 ; compare also Kon and Thorpe, T., 1919, 115 , 693) 
and were used for the next preparation without further purification. 


Derivatives of Diethylcychpropam. 

The Imide of 2 ; ^-DicyanO’ 1 : hdiethylcyc\opropane-2 : Z-dkarboxylk 


preparation of this com- 


pound has been described by Guareschi, but it is more conveniently 
obtained by a similar method to that used in preparing the dimethyl 
derivative in Part VI {loc. cii,). 

The dicyano-imide (0*1 gram-mol.) was suspended in 100 c.e. of 
80—90 per cent, fonnic acid, and 4 c.c. of the bromine were added 
with vigorous shaking ; the solid dissolved and the solution became 
warm. Water w^as then added until the dibromo- compound eom- 
menced to separate, and was followed by the rest of the bromine 
(6 C.C.). The mixture was boiled for twenty minutes and allowed 
to cool, when the bridged imide separated ; it was collected, washed 
with water, and dried. The yield was usually 60 per cent, of that 
theoretically possible, but a further small quantity separated on 
diluting the mother-liquor mth water. The imide thus obtained 
luelted at 202 — 204° and was used without further purification. 

2 : 3- Drcyfl no- 1 : 1 •dieihylc.yc.hpropan e - 2 - cn rboxyh mide, 


^ c(cn)-co-nh; 

—This amide was prepared from the above imide in the same 
way as the corresponding dimethyl derivative ; it separated as an 
oil, which readily solidified on cooling. The yield was quantitative. 
The amide crystallises from benzene in small, colourless prisms 
melting at 123—124° (Found : N — 22-03. 

N = 21 ‘98 per cent.). 

2 : 3-Dic2/ano-l : l-diethykyalopropane-^-carboxylic Acid, 


CEt,<9H-CN , 

^ ClCNl'COjH 

—Thin a«id was obtained in 80 per cent, yield by the action of 
nitrous acid on the amide, using the same conditions as those 
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described for the preparation of the dimethyl acid. No unchanged 
amide was recovered. The acid crystallises from dilute hydro^ 
chloric acid in fine needles melting at 148® (Found : N = 14*49. 
CiflHijOjNt requires N = 14*57 per cent.). 

The Dinilrile of 1 : \-DiethyhyQ\.o'pro‘panc-2 : S-dicarboxylic Acid 
^CH*CN 

CEtgX^g. — On heating the above acid with a little water in 

a sealed tube at 180®, the nitrile separated as an oil, which, after 
the usual purification (dimethyl derivative, Part VI, loc. ciL)^ 
distilled at 184®/22 mm. The yield is 70 per cent, ; nothing could 
be isolated from the alkaline washings. 

When pure, the dinitrile is a light yellow, odourless oil which 
shows no tendency to solidify (Found ; N = 18*92. CyHj.Kg 
requires N = 18*91 per cent.). 

cis- and trans-l : l>Diethylcy(ilopropane-2 : ^-dicarhoxylic Acid 
(VI). — A mixture of the two forms of this acid W’as obtained in 
theoretical yield, by hydrolysing the dinitrile in the same way as 
the dimethyl derivative. The two forms were isolated by the method 
described by Deschapande and Thorpe {loc. cit.). 

The tranS‘SiCid, which formed more than 90 per cent, of the mixed 
acids, possessed all the properties described and was shown to be 
identical by direct comparison (mixed melting point). It crystal- 
lised from water in small, colourless prisms, melting at 241° (Found : 
C = 67*91 ; H = 7*62. Calc., C -- 58*04; H = 7-58 per cent.). 
Titration with 0*0 1924V- barium hydroxide (Found : 30 c.c. 
Calc., 29*8 C.C.). 

Only a small quantity of the cts-acid appeared to be formed and 
this was not isolated in a pure condition (melting point 155 — 160°). 
Lactone of y-Eydroxy-y^ethylpentane-^rt^-tricarhoxylk Acid, 

CEt 2 <C^jj^ 0 Q^^CH-CO 2 H. — This substance was obtained by 

hydrolysing the amide with excess of aqueous potassium hydroxide 
solution; the yield was theoretical. 

The lactone crystallises from water or dilute hydi*ochloric acid 
in elongated prisms, melting and decomposing at 172® (Found: 
C = 51*86; H ~ 6*13. CjoHj^Og requires C = 52*16; K — 611 
per cent.). 

Lactone of y-Hydroxif-y-ethylpenlam'-x^-dicaThoxylic Acid, 


CEt,<! 


0 - 


-CO- 


'>CHo. 


^CHICO^H)" 

— This acid was obtained by boiling the above lactone with exce.s3 
of 50 per cent, sulphuric acid for three hours. On standing, the 
new acid separated in large, colourleas octahedra which, after 
crystallisation from water, melted at 105®, The quantity obtained 
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lyas insufficient for analysis, but gave two end-points on titration 
^th 0*0i924iV^-barium hydroxide, corresponding with one free 
carboxyl group and one lactone ring (Found : lO'OS c.c., 20’4 c,c. 
Calc., 10 C.C., 19-9 c.c.). 

d^-Dicyaw-y-hydroxy-y-ethylpentane-ct^-dicarboxylic Acid, 
0H*CEVC(CN)(C02H)-CH(CN)-C02H. 

—This acid is formed when the iinide is boiled with 10 per cent, 
potassium hydroxide solution for half an hour and separates in 
glistening prisms on acidifying, the cold solution. The new acid 
forms small, glistening prisms from winter and melts with vigorous 
decomposition at 194 — 195'^ (Found : C = 52'25 ; H = 5 05. 
CjjHijOsNg requires C = 5T96; H -- 5-55 per cent.'. 


Derivatives of Methyl-n-hexyhyc\opropane. 

Preparation of the Imide of 2 : ‘S-Dicyano-l-rnethyl-l-n-hexylcycio- 
propane-^ ; ^-dimrboxyilic Acid, CgH2.^-0Me<CVj^^^| — This 

imide was prepared by the original i!i(‘tliud described by Quareschi 
[Mem. i?. i4cca^. Sci. Torino, 1901, 50, 235), the dibromo- 
derivative being isolated and heated for several days on the water- 
bath with a large excess of 50 per cent, acetic acid. Finally, this 
was allowed to evaporate and the residue crystallised from alcohol. 
The imide, so obtained, is very impure and contains a considerable 
quantity of the unbridged imide, formed by the partial hydrolysis 
of the dibromo-derivative under the conditions employed. It can 
he obtained pure only after many recrystallisations from dilute 
acetic acid. 

2:3- Dicijano- 1 - rmthyl - 1 - n - hexyloydopropa^ie - 2 - carboxylamide, 

ATTj ’ — amide separates as an oil on 
t(L/M)’CU*Nxl2 

boiling a solution of the crude iinide in slightly more than one 
molecular proportion of 10 per cent, potassium hydroxide solution. 
On cooling, it solidifies and is collected; the mother-liqnor yields 
a second crop on further heating. The amid^ crystallises from 
benzene or methyl alcoliol in colourless needles melting at 119° 
(Found: N = 18‘33. rcapares X — 1801 per cent.). 

The formation of this amide prov ed to be of great use, as it 
provided a simple means of isolating the bridged derivatives in a 
pure condition. For this reason, the crude imide was not purified, 
but was converted into the au\ide, in which form it could be readily 
purified. 
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is treated with nitrous acid in the usual way. It remains, on 
removal of the ether, as a colourless oil, which, although it tends 
to soUdity, cannot be further purihed. The yield of the crude ae^ 
is good (Found: N = 11-76. requires N = 1H6 

^Thraitecr salt, prepared in the usual way, could not be obtained 
colourless, but had a slight yellow 

Ag - 31-97. CigHi^O^NsAg requires N = 8-21 ; Ag - 31 66 per 

‘""'rhe Dinitrik of l-3Iethyl-\-n-heTykychpropane-2 : 3-dmrb. 

oxylic Acid, C.Hi 3 -CMe<JJJ;®.-On heating the above acid 

at 180° with a little water in a sealed tube, the nitrile is formed in 
60-70 per cent, yield and floats on the water. After the usual 
purification, it distds at 205°/17 mm. The nitrile thus obtained 
fs a colourless liquid with a characteristic odour (Found : N = 14-o9. 

CijHigN, requires N = 14'73 per cent.). i, j i a • .i, 

Hvdroiysis of the Dinitrik.-Tke nitrile was hydrolysed in the 
usual way by boiling with a large excess of aqueous potassium 
hydroxide, alcohol being added to give a homogeneous solution 
iUter a short time, a distinct odour resembling that of methyl hexyl 
ketone became noticeable, and as it was feared that the trimethylene 
ring was undergoing fission, the hydrolysis was stopped. These 
fears, however, proved to be groundless, the odour being traced 
to the nitrile, but as a result of the incomplete hydrolysis, several 
nitrogenous products were found to be present. 

On cooling the alkaline solution, a small quantity of solid separated ; 
it was collected and after being crystallised from dilute alcohol, 
melted at 277°. Analysis proved it to be the duimtde. of trans-1. 

rnelhvlA-u-hexiikvo\opro pane-2 : Z-dkarhoxylic acid, 

bsHis 

(Found : N = 12-4,1 requires N = 12-49 per cent.). 

The filtrate from the diamide was e.xtracted with ether to remove 
any other neutral substances, but other than a little nitnle nothing 
was recovered. The solution was then .strongly acidified, the oil 
which separated extracted with ether, the ether 
the semi-solid residue dissolved in hot alcohol with the adebto 
of animal charcoal. The filtered solution deposited a quantity 
of a colourless acid on cooling; this was collected and after rccry 
taUisation from the same solvent, melted at 266-207°. 
showed it to be the moimmide of ^ ^ 

(Found : 


snuweu It tv — 

propane-2 : 'ii4icarboxylic acid, CeHi 3 *CMe<^jj^ 


COjH 

■CO*NHj 
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C = 6345; H = 9 47 ; N = 6-24. CjgHgjOjjN requires C = 63-38 ; 
H = 9-33; N = 6-21 per cent.). Titration with 0-01924 iV-barium 
hydroxide (Found : 24-7 c.c. Calc,, 25*2 c.c.). 

The proof of the constitution of this acid was obtained by hydrolys- 
ing it further with aqueous potassium hydroxide. In this way a 
non-nitrogenous acid was obtained which was exceedingly diffi- 
cult to purify and was analysed as the diver salt for this reason. 
It was undoubtedly trans-l-wief%M-n'Aexycyclopropa?ie-2 : 3- 
dicarboxylic acid (Found: C = 32-51 ; Ci 2 Hig 04 Ag 

requires G = 32-58; H = 4-13 per cent.). 

The alcoholic mother-liquor, from which this amide had separated, 
was evaporated to dryness, and the gum obtained examined for the 
presence of the cis-acid by heating it for some time with a large excess 
of acetyl chloride. A small amount of solid was formed, which was 
filtered off, and the excess of reagent removed in a vacuum. The 
remaining gum was distilled, and boiled at 180713 mm. ; the oil 
obtained was identified as the anhydride of ck-hmeihylhri'hexyl- 

eydopropane-2:^-dicarboxylicacid, CgHi 3 *CMe<CV^’^^^ 0 , by its 

CH'CO 

general behaviour and by analysis (Found : C = 68*30; H — 8-74. 
CjaHjgOg requires C ^ 68*54; H ~ 8-61 percent.). 

The anhydride is a colourless oil which shows no tendency to 
solidify; it is slowly decomposed by vater, but dissolves readily 
in dilute aqueous potassium hydroxide solution with the formation 
of the potassium salt of the cis-acid. The latter is obtained on 
acidifying this solution and crystallises from benzene in a mass of 
felted needles, melting with sliglit decomposition at 106—107° 
(Found : C = 62-96; H = 8-72. CjJl 2 o ^4 requires C = 63-11 ; 
H = 8*85 per cent.). 

The anilic acid, prepared in the 

usual way, crystallises from alcohol in colourless plates, melting 
and decomposing at 137*5° (Found: C = 71-66; H = 8*33, 
requires C = 71.28 ; H = 8-20 per cent.). 

Lactone of y-Hydroxy-y^mcfkylnonane-oLct'^’tricarboxylic Acid, 

— When the amide was hydro- 
lysed by an excess of aqueous potassium hydroxide and the 
acidified solution extracted with ether, the new lactone leniained 
as a gum on evaporating the ethereal extract. It showed no tend- 
ency to solidify and w’as not analysed. 

The constitution follows from its conversion into the lactone 
lo be described below, which takes place to some extent on boiling 
in aqueous solution, and from its method of formation. 
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of y-Hydroxy-y-rmthylnmane-^i^-dicarboxylic Acid, 




-CO- 


-This acid separates in theoretical 

yield on boiling the above gum with dilute sulphurw ac ( per 
ient.) for two hours. The oily acid obtamed c^stalhses 
methyl alcohol in plates and melts at IBSMF^und : C = 63. 6; 
H = 8-82. CiaHjoOj requires C = 63-11 ; H - S-So p t.). 
Titration with 0 . 0192 UV-barium hydroxide (found: 28-7 c.e. 

Calc., 2S'5 C.C.). i- i, t a -j 

oiB - Dicyano - y - hydroxy - y - methylnonanc - a? Moxyhc Acd, 
C„H,3-CMe(OH).C(CN)(CO2H)-CH(0N)’CO2H.-rhi3 acid was ob- 
taiiied by boiling a solution of the imide in 10 per cent, aqueom 
potassium hydroxide (3 mols.) for half an hour, and acidifying the 
Lid solution with hydrochloric acid. The plastic solid which 
separated, crystallised from dilute hydrochloric add m colourless 

plates melting and decomposing at 183 ® ® ’ ~ 

6-93. requires C - 56-73 ; H = 6-81 per cent.). 

Derimtives of Benzylrndhylcychpropane. 

Preyayation of the hnMe of 2 : 5 A>kyanoA-b^y^-oo th;ikyAo. 

-yiCNl-CO^j^jj^Thc 


, ., Jle-.p/V(UiN)-uu- 

2}ro]}am-2 : Micarhoxylic Acid, pif C(CX)'CO 
method was a modification of that described by Guareschi {Gazzetia, 

1918, 48, ii, 83). , , . 

The finely powdered imide (0-1 gram-mol.) was 
ICO 0 c, of 50 per cent, acetic acid in a separating fnnne , an c.c. 
of bromine were added slowly with vigorous shaking. The dibvfimo- 
derivative thus obtained was washed into a large ea er y means 
of 100 c.c. of 50 per cent, formic acid and boiled for fifteen minutes. 
Water was then added to precipitate the bridged imidc as far as 
possible, and the crystalline precipitate J'^^talliL 

later, and dried. The yield is quantitative The imido 
from dilute alcohol in small, colourless needles melting at -6 ^ - - • 

2:3- Dicyano - 1 - benzyl - 1 - methylcydopropanc-^-carOnyy.iV ,::. , 

p]jj 5 amide separates as an oil in 

Lwretical yield L boiIin| a solution of the imide 
per cent, aqueous potassium hydroxide (1 mol) for a f . 

In coolingLt solidifies, and can be crystallised J 

or benzene, from which it forms short iiee^es f ^ d 

(Found : N = 17-71. C^H^ON, requires N =17-87 pe 

2 ; Z-DicyanoAAx;nzylA-methykyo\opropam-2xxirboxylv} > 

Me-^p/CH-CN _Considerahle difficulty was encountered 
CH,Ph^ 
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in the preparation of this acid. When the amide was treated 
with nitrous acid in the usual way, nothing other than highly 
coloured gums could bo isolated from the reaction mixture. 

Owing to the tendency for the benzylmcthyl derivatives to pass 
into naphthalene derivatives with acid hydrolysing agents, it 
was necessary to find a method of preparing the acid ^vithout the 
use of acids. This was ultimately accomplished by the use of the 
alternative method described for the preparation of the correspond- 
ing dimethyl acid, that is, the direct hydrolysis of the imide by Wo 
molecular proportions of 10 per cent, aqueous potassium hydroxide. 

Twenty-six grams of the imide were dissolved in 56 c.c. of 10 
per cent, potassium hydroxide, an equal volume of methyl alcohol 
was added, and the mixture boiled for an hour under reflux. At 
the end of this time the condenser was removed and the alcohol 
allowed to evaporate. The cooled solution was then extracted 
twice with ether to remove any amide formed by partial hydroly.sis 
of the imide, and after being strongly acidified, extracted repeatedly 
with ether. During this operation a considerable quantity of solid 
separated, and this was collected j the wet ether solution also 
deposited a further quantity, the total amounting to 6 grams. 

This substance on examination proved to be an acid, sparingly 
soluble in all the usual organic solvents and consequently very 
difficult to purify. It was identified as the 2 : ^-diamide of 1-benzyi- 
l-me%lcyc/opropane-2 : 2 : 3-tricarboxyIic acid 
Me^p/C(COoH)-CO-NH5, 

CHgPh"^^ ^CH-Cb-NH, 

(Found : C = 61-10; H ~ 6-15. requires C = 60-83; 

H = 5-83 per cent.). 


The acid orystalii-ses from ethyl acetate in small prisms melting 
and decomposing at 197^. 

On removing the ether from the ethereal extract, a gum remained, 
which, after much rubbing with light petroleum, solidified. All 
attempts to purify this substance further failed ; on slow crystallisa- 
tion from ethyl acetate, some more of the acid described above 
was obtained, but the residue remained as a gum. It was found, 
however, that it contained a considerable amount of the required 
acid and therefore it w^as used for the preparation of the nitrile; 
the rest probably consists of the acid, melting at 197®, wdiich gives 
rise to the imide formed during this preparation. 

Th Dinitfik of l-Benzyl\.methyk\e\opropane’2 : ^^dicarboxylic 

CHgPh^^^CH'CN crude acid described above 

jas heated with water in a sealed tube at 180^ it was found 
aat no oil separated until the tube was cold. The contents of 
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several tubes were united, acidified, and repeatedly extracted with 
ether ; the ethereal e3rtract was carefully washed, first with sodium 
hydrogen carbonate solution, then with dilute potassium hydroxide, 
and finally with water. After drying over calcium chloride, the 
ether was evaporated and the oil obtained left in an exhausted 
desiccator over-night. On the next day a considerable amount 
of crystalline matter wa^ found to have separated and this wasj 
collected. It was identified as the trans<l-he«2;yM-7?ict%lcycIo. 
pro’pane,'^ : ^'dinitrile (Found : N = 14*60. CjgHjgNg requires 
N = 14-28 per cent.). It crystallises from dilute methyl alcohol 
in large, transparent plates melting at 91°; on hydrolysis with 
potassium hydroxide, it gives a theoretical yield of the trans-l- 
benzyl-l-mcthylc^ch>propane-2 : 3-dicarboxylic acid (see below). 

The mother-liquor, from which this nitrile had separated, was 
distilled, and boiled from 210 — 220°/ 13 mm. ; on standing, the 
distillate deposited a considerable quantity of the above compound, 
but although the efs-form of the nitrile could not be isolated, proof 
of its presence was found in the products of alkaline hydrolysis. 

On acidification, the potassium hydroxide washings gave an oil 
which solidified on keeping and after crystallisation from dilute 
alcohol melted at 102 — 103°; from this solvent, it forms small 
clusters of needles. It was proved, by its hydrolysis to the cii- 
form of l-benzyl-l-methylcycfopropane -2 : S-dicaiboxylic acid and 

by analysis, to be the imide of this acid, 

(Found : C = 72-66; H ~ 6 - 12 . requires C = 72-60; 

H 6-00 per cent.). 

The separation of the acids obtained from the sodiuin bicarbonate 
washings was not attempted owing to the complex nature of the 
mixture. 

tTSins-l-Benzfjl-l-metkylGyc\oprojjane-'2 : ‘^^dicarboxylic Acid (XlII). 
— This acid, as has been stated above, is obtained in theoretical 
jueld by the hydrolysis of the nitrile, melting at 91°, by potassium 
hydroxide. 

The acid crystallises from dilute alcohol in characteristic clusters 
of small, stout needles, melting at 210° (Found : C = 66*56 ; H = 6 04. 
C 13 H 14 O 4 requires C ~ 66*63 ; H ~ 6*02 per cent.). Titration vith 
0*01 924 barium hydi'oxide (Found : 23-5 c.c, ; Calc., 23*1 c.c.). 

The a,u-h'*, 

the acid chloride (from the acid and tliionyl chloride) with aniline 
in benzene solution, separates from alcohol in an indefinite, flocculent 
mass, melting at 24o° (Found : C = 78*25; H = 6*38. C 25 H 25 O 2 N 2 
^requires C — 78*09; H ~ 6*30 per cent.). 
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cis- 1 -Benzyl - 1 -methykyc\opropane-2 : 3 • dicarboxylic Acid ( X III ) . 
—This acid was obtained by hydrolysing the imide melting at 102 — 
103° with potassium hydroxide solution. On crystallisation from 
dilute alcohol, it forms flattened needles melting at 179—180^ and 
decomposing at 185" (Found : C = 66-84; H = 6-15. C13H14O4 
requires C = 66-63 ; H = 6-02 per cent.). 

The anhydride, obtained by heating 

0x1.24^^ V-rXl^vO 

the acid with excess of acetyl chloride for an hour, evaporating 
off the excess in a vacuum, and crystallising the residual solid 
from a mixture of benzene and light petroleum (b. p. 40 — 60°). 
It forms characteristic clusters of prisms melting at 105° (Found ; 
0 = 72-26; H — 5-56. CijHjgOg requires C = 72-19 ; H — 5-60 
per cent.). 

Me^^/CH-CO'NHPh , . 

The anilic acid, tj > prepared from the 

anhydride in the usual way, crystallises from alcohol in colour- 
less plates melting at 152° (Found : C = 73-90 ; H — 6-26. 
CjgHigOgN requires C ~ 73-68; H = 6-21 per cent.}. 

Lmtone of y’Hydroxy-y~benzylbutane~a%{i>-tricarboxylic Acid, 

CH.Ph^^ *^011(00 ~ lactone is obtained in 

quantitative yield when the amide is hydrolysed with potassium 
hydroxide (compare dimethyl compound). It crystallises from 
water in fine, colourless plates melting and decomposing at 173° 
(Found : C ~ 60*63 ; H — 5-06. Ci4Hj^Og requires C — 60-42 ; 
H — 5-07 per cent.). 


iMtcme of y - Hydroxy -y-be nzylhvia ?i e - a - dicarboxylic .4 cid, 

CH boiling the above lactone 

with dilute sulphuric acid (10 per cent.), a mixture of two acids is 
obtained, which can be separated by means of hot benzene. 

The soluble acid crystallises in prisms and melts, rather indefl- 
nitely, at 140° ; it was shown by analysis to be the above lactone 
(Found: C ~ 66-81; H — 6-31. requires C = 66-63; 

H — 6-02 per cent.). 

The insoluble acid resisted all attempts at purification; it is 
probable that it is a naphthalene derivative, but, as it did not form 
a semicarbazone, no evidence could be obtained to support this 


view. 


'^^‘Bmyano-y-hydroxy-y-henzylbutane • sL^<licorboxyi ic Acid, 

CH2Ph'CMe(0H)‘G(CN)(C02H)*CH(CX)-C0oH. 

—The imide was dissolved in 10 per cent, aqueous potassium 
%6roxide solution (3 mols.) and boiled for half an hour. It was 
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then cooled and acidified, when a quantity of aplastic solid separated. 
As this contained potassium, it was boiled with water, the insoluble 
residue collected, and an equal volume of hydi'ochloric acid added 
to the hot solution. On cooling, the new acid crystallised in colour^ 
less plates, free from potassium ; a further amount w'as recovered 
from the insoluble residue, which proved to be the free acid in a crude 
condition, by crystallisation from dilute alcohol. The acid crystal. 
Uses from dilute alcohol in small plates, melting and decomposing 
vigorously at 203® (Found : C = 69-62 ; H = 4-64 ; N == 9-39. 

requires C = 59-61 ; H = 4-66; N = 9-27 per cent.). 


Derivatives of cycloPewianespirocyclopropaue. 

The Imide of cycIoPentouespiro-2 : ^-dicyanocyclopropane~2 : 3- 

dicarboxylic Acidy — 'This imide is obtained 

in quantitative yield by the method described for the prepara- 
tion of the diethyl compound (p. 1825). It crystallises from 
alcohol in fine, colourless needles which lose their crystalline form 
on drying and melt at 195—196° (Found : C = 60‘S3; H = 4'23; 
N = 19‘66. OjjHgO^Nj requires C — 60*47 ; H = 4’34 ; hf = 
19'53 per cent.). 

cychPeniane^^iio -2:3* dicyanoaychpropane - 2 - carboxyhmide, 
.—On hydrolysing the imide with potass- 

ium hydroxide (1 mol) in the manner described for the preparation 
, of these amides, the new amide separates in 75 — 80 per cent, of 
the theoretical yield. A further quantity can be recovered by 
heating the mother-liquor again, The amide crystallises from 
alcohol or benzene in fine, colourless needles melting at 150® (Found : 
G-63-4o; H = 5 69. 
per cent.). 

cycIoPen^a?icspiro -2:3- dicyanoeyclopropane - 2 - carboxylic Acid, 
.—This acid \vas obtaiimd in 80 per cent. 

^ ® C(CN)-C02H 

yield by the action of nitrous acid on the above amide, using the 
method described for the preparation of the dimethyl compound. 
It crystallises from water in prisms, melting without decomposing 
at 169—170® (Found : G = 63*46; H ~ 5*31. CioHujO^Na requires 
G = 63*13; H 5*31 per cent.). 

The Dinitrile of cyc;loPe??ft???espirocyclopro2KiK€-2 : ^-dicarboxyhe 

Acid, heating the above acid with a little 

CH’CN 

water in a scaled tube at 180®, tlie nitrile separates as an oil which, 
after extraction with ether and tlie usual purification, distils at 


CjpHiiONa requires C ~ 63*46 ; T1 — 5*87 
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186‘’/13 nun. The nitrile thus obtained is a colourless oil which 
solidifies on keeping and crystallises from a mixture of ether and 
light petroleum {b. p. under 40°) in long, colourless needles melting 
at 43° (Found; N = 19-14. CjHjpNg requires N - 19’ 16 per 

cent.). 

Although nothing could be isolated from the alkaline washings, 
a small quantity of what was undoubtedly a fis.sion product was 
obtained by evaporating the original aqueous layer. Although 
the amount obtained was too .small for analysis, it was shown that, 
on further hydrolysis with alkalis, this substance is converted into 
the laetonic acid described below. It therefore appears likely 
that the acid is represented by the formula 

C4Ha:C<®~p'g>CH-C>}. 

cis- and trans-cycloPeniawespirocyc lop ropanc- 2 : ^-dicarboxylic 
Acid (XII). — When the nitrile ^vas hydrolysed by potassium 
hydroxide in the manner described for the hydrolysis of the dimethyl 
derivative, a theoretical yield of the mixed spiro-acids was obtained. 

The acids were separated by crystallisation from water, the 
/ran 5 -form being the less soluble and forming nearly 00 per cent, 
of the total mixed acids. 

The trans-hcid crystallised from water in characteristic clusters 
of short, stout needles, melting at 210°, and possessed all the prop- 
erties of the 5ptVo-acid deserilied by Becker and Thorpe (T., 1020, 
117, 1579), who give the melting point as 211° (Found : C — 58-54 ; 
H ~ 6'65. Calc., 0 = 58-70; H = 6‘57 per cent.). Titration 
with 0 Oi924.V-lmrium hydroxide (Found : 20'“) c.c. Calc., 29-5 c.c.). 

The presence of a small quantity of tiie ci-s-aoid in the mother- 
liquor was shown by evaporating to dryne.ss and boiling the residue 
with acetyl chloride for a short time. Under these conditions, 
the fraH.?-acid remains insoluble and can be removed ; the cis-acid, 
which remains in solution as the anhydride, can then be isolated 
iuthe usual way or as its anilic acid. 

In tins way, a small amount of the anilic acid, corresponding 
with, roughly, 5 per cent, of the total mixed acids, was isolated. 
It crystallised from alcohol in colourless pri.sins iJielting at 191 — 192° 
(Becker and Thorpe, he. cit., give 187°). 

Lactone of l-HydroxycyQhpentyhihanf-xxSdricfirboxiflic Acid, 

— This lactone was obtained by 

boiling the amide with excess of potassium hydroxide solution 
nntil ammonia ceased to be evolved, acidifying, and extracting 
vith ether. The required lactone remained as a gum on evaporating 

e ether, and readily solidified on rubbing with a glass rod. It 
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crysteUiseB from dilute hydrochloric ^id “ 7*"' 

melting at 159“ (Pound : C = 52-71 ; H = 5-18. requim 

c - 52*61 ; H = 5*30 per cent,). 

Lactcme of l-Hydroxycyc\opentykth<ine-<x^-dicarboxylic ^cid, 

C,H8:C<°^g>CH,.-The new acid ia obtained in quanti. 

tative yield by boding the above lactone with 20 per cent, sulphuric 
acid for two hours. It separates as an oil which readi y solidifies 
on keening It crystallises from water in nacreous plates meltmg 
at m“ (Found : C = 58-57 ; H = 6-65. requires C = 

58'70; H ^ 6’57 percent.). 

a^.Dkyar,o-l-hydroxijcjc\openlyleiMne^a^^^^^^ An , 

CaH.:C{0H)-C(CN)(C02H)*CH(CN)*C02H. 

-This acid was obtained in 70 per cent, yield by boding a solution 
of the imide in 10 per cent, aqueous potassium hytoxide (3 mok) 
for half an hour. The acid separates on acidifying the cold solution. 
It cry,,tallises from water in rhombic plates meltmg ivith vigorous 
decomposition at 188“ (Found : C = 52-49 ; H = 4 93. 
requires C = 52-40 ; H = 4-76 per cent.). 

Dnivalives of 3- and 4 .d/e(Aylcycloteuiiespirocycloteia«. 

The orenaration of the bridged imides has been described bj 

„ more U.t.io.Uy pr.p.«J kP U* “f'”'* *“ ■>'«” 

tfie eweiohexane derivative (Part VI, loc. at.). 

aB ^.Dicyarw ■ 1 - hydroxy - 3 - m dhylcyclohayktham - a? - dimrboxyk 
AM (X) -The imide was dissolved in 10 per eent aqueous potass. 
funThyLide (3 niols.) and the solution boiled for ha« an h« 
It was'theu cooled and acidilied with hydroolilone acid on s andm , 
the new acid separated, contaminated with the potassium s ^ 
It was therefore Lolved in as little boiling water as possible 
an'qual volume of hydrochlorie acid added to ^ ho ^ 
On cooling, the pure acid separated ; it was crystaUised from dilu 
alcohol. The acid foniis colourless v 

decomposition at 212“ (Found : C = 56-08 ; H - o 89. u s 

Acid (IX) —This acid, prepared in exactly the same w y 

"£Ld, Sn,«i »™pi.«y » f s 

acid the acid was obtained as a colourless mass^ y 
from water in small prisms melting with vigorous decomp ‘ ^ 

207“ (Found: 0 = 55-98; H ^ .5-67. requires t 

55-68; H = 5*67 per cent.). 
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CCXXL— The Solubilities of the Alkali Formates 
and Acetates in Water, 

By Nevil Vincent Sidowick and Joseph Alfred 
Hector Roberts Gentle. 

The object of this work was to determine the influence of the 
alkali metal in these salts on their solubility, and on the formation 
of hydrates, and to compare it with that observed with the salts 
of inorganic acids. 

Bor several of the salts solubility measurements have already 
been published : lithium, sodium, and potassium formates 
(Groschuff, Ber,y 1903, 46, 1790) ; sodium acetate (Green, J. 
Phjsicd Chem.y 1908, 12, 1655) ; potassium acetate (Abe, J. Tokio 
Chm. Soc.y 1911, 32, 980). Very few measurements seem to have 
been made of the ice curves except those of RiidorS {Ann. Physik, 
1922, 145, 616) on sodium acetate, which appear to be affected 
by some systematic error, as his values of the depression are in 
all cases much smaller than ours. 

We have extended and completed these observations ; we have 
determined the ice curves for all the ten salts, and the salt 
(solubility) curves for the five of them (rubidium and emsium 
formates, lithium, rubidium, and emsium acetates) which had not 
previously been examined. 

Preparation of Maieriab. — The formic acid was obtained from 
the commercial 80 per cent, acid by distillation in a vacuum at 
70 with enough sulphuric acid to form with the water present the 
monohydrate (Maquenne, Ball Soc. chim., 1888, [ii], 50, 622). 
The product melted at 6°. The acetic acid was three times boiled 
ndth potassium permanganate and distilled, the middle portion 
alone being collected (Bousfield and LowTy, T., 1911, 99, 1432). 
The lithium salts were prepared by precipitating lithium sulphate 
solution with the barium salt of the organic acid, the others by 
neutralising the carbonate or hydroxide with the acid. 

The rubidium carbonate was made from a specimen of the alum 
VCTy kindly given to us by Mr. K. M. Chance, of the British Cyanides 
mpany, to whom our best thanks are due. The alum con- 
amed a few units per cent, nf both potassium and c«sium. The 
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former was removed by six recrystallisations from water, after 
which the product was spectroscopically free from potassium. Tq 
remove the caesium, the alum was treated with excess of pur^ 
barium hydi’oxide, the sulphate filtered off, and the filtrate, after 
saturating with carbon dioxide and again filtering, evaporated 
to dryness. A repetition of this process renders the alumina 
insoluble, and the alkaline carbonates can be extracted with water. 
The barium precipitates must be repeatedly boiled with water 
to remove adlierciit salts, The mixed rubidium and cmsium 
carbonates were then converted into the acid tartrates, whicli 
were recrystaliised from water (Allen, Amer. J. Sci., 1862, [ii]^ 
34, 367). After four recry staliisat ions, the salt gave no indication 
of caesium in tlio spectroscope. The acid tartrates repress one 
another’s solubility to a remarkable degree : the rubidium salt 
is almost insoluble in a saturated solution of the csesium salt. We 
are greatly indebted to Major W. C. Ball for suggestions as to the 
purification of the rubidium salt, and to Professor T. R. Merton 
for kindly carrying out the spectroscopit; tests. The rubidium 
hydrogen tartrate was finally converted into the carbonate by 
ignition. 

The caesium was obtained from a specimen of American pollucite, 
being separated as the double antimony chloride, and then converted 
into the nitrate, and thence through the oxalate into the carbonate. 
Both the rubidium and the escvsium carbonates obstinately retained 
traces of colloidal carbon, which could be removed only by repeated 
evaporation and ignition. 

Measurement of SolubiUiy and Ice Curves, — The freezing points 
^vere measured in a Beckmann app<aratus. The determinations at 
higher temperatures were usually made synthetically by sealing 
up weighed quantities of the components in tubes, and observing 
the temperature at which the last crystals disappeared on slow 
warming. In some cases the solution was filtered, and analysed 
by evaporation to dryness. The solutions of the acetates (but not 
those of the formates) showed a strong tendency to supersaturation. 

Examimtion of the Solid Phases. — At the highest temperaturoa 
examined (150* and above) it could be assumed that the solid 
phase was the anhydrous salt, and the formation of a hydrate 
could be inferred from a break in the curve. In some cases the 
hydrate curves gave maxima, the positions of which indicated the 
composition. Otherwise the hydrate was, if possible, obtained 
in crystals large enough to be cleaned and analysed. The residue 
method was not applicable on account of the great solubiUty 
the high viscosity of tlie solutions, and often the small size of the 
crystals which were formed. Solutions of rubidium acetate con- 
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taining a slight excess of acetic acid very readily deposited crystals 
of an acid salt ; but these were not formed in the entire absence 
of free acid. This acetate, when anhydrous, has a strong tendency 
(not shared by any other acetate examined) to absorb the vapour 
of acetic acid. 

Fio. 1. 


Solubility of alkali formates. 



Mob, per cent, salt, 

Li — o Rb 

Na X Cs C 

K + 

The following solid phases were observed by ourselves or by 
efidier workers (A = formate or acetate radicle) : — 
i*brniates, — Lithium : Groschuff {loc. cff.) found Li A and LiA,H20. 
riiese results were confii'med. The anhydrous salt melts with 
slight decomposition at 279 — 280® (corr.). 

(bodium : NaAjSHgO, NaA, 2 H 30 , and NaA, the last melting at 
253° [Groschuff]). 
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(Potassium ; KA, m, p. 157° ; no hydrates [Groschuff]). 
Rubidium : RbA, small leaflets, ra. p. 170° (corr.). At 
{in contact with the solution) this changes to a hydrate (< 1 H 20 , 
? ^HgO), small, tetragonal prisms, and this at 16’5° goes into a 
higher hydrate (small prisms, If formic acid is heated 

E’ig. 2. 



0 20 40 60 80 100 


Mols. per caxt. salt. 

Li Rb A 

Na X Cs □ 

K + 

at about 105° in contact with the anliydrous salt, it decomposes 
with separation of carbon, although the salt alone is quite stable 
at this temperature. This is presumably due to a secondary 
decomposition of the carbon monoxide into dioxide and carbon. 

Caesium ; CsA, prisms, m. p, 265° (corr,) without decomposition. 
CsA,H 20 (from position of maximum on curve : the crystals wer® 
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too smaU for analysis). Tetragonal prisms, m. p. (congruent) 45°. 
TVanaition point 41°. 

^^i„(e^,_Lithium : LiA, m. p. 286° (corr.) with very slight 
decomposition. At 56-6° this changes into LiA,2H20 (found, by 
direct analysis, 2-04H2O), rhombic, with congruent melting pomt 
1 57'8°. This dihydrate is already described by Schabus {Jahresber., 
1854 438)* evidence was obtained of the monohydrate men- 
tioned by Rammelsberg (Ann. Physik, 1820, 66, 82). ^ 

(Sodium : This is stated by Green [loc. cit.] to give a hydrate, 
NaA, 3 H 20 ,' which passes at 58° into NaA, melting at 323° [uncorr.]. 
We fwnd the melting point to be 330° [corr.]). , , , „ . 

(Potassium: Abe [he. cit.] describes a hydrate, KA,4HjO, 
changing at 41° into KA,P20, which at about 96° goes into KA; 

'"'EuMdLm: RbA, leaflets, as described by Grandeau (Ann. 
aim Phys., 1863, [iii], 67, 234), m. p. 246° (corr,). An acid salt, 
crystaUising in needles, is formed on addition of a smaU excess 


of acetic acid. 
Csesium : CsA, 


m. p. 


Lithium. 


194® (corr.) without decomposition. 
Table I. 

Formates. 

Rubidium (continued). 


Weight 
per cent. 

Mols. 

percent. Temp. 

Solid 

phase. 

5-80 

2-088 

- 4-27® 

ice 

10-98 

4-095 

- 9-02 

,« 

17-86 

7-002 

-16-42 


7-24 

Sodium. 

2-024 - 4-29 

ice 

11-42 

3-301 

- 7-02 


16-95 

5-127 

-11-02 

„ 

24-86 

8035 

-18-04 


5-71 

Potassium. 

1-280 - 2-62 

ice 

12-95 

3-086 

- 6-72 

,, 

18-42 

4-611 

-10-42 

,, 

25-03 

6-678 

-15-82 

,, 

26-04 

7-246 

-17-39 


6-23 

Rubidium. 

0-909 - 1-82 

ico 

15-93 

2-549 

- 5-62 


20-62 

3-463 

- 7-82 


25-79 

4-573 

-10-62 

,, 

30-62 

5- 744 

-13-88 


78-86 

33-97 

-f 3-3 

1 aq. 

80-71 

36*59 

7-8 

81-37 

37-69 

9-5 


83-59 

41-09 

14-0 


84-61 

43-12 

16-3 


— 

— 

16-5 

1 + 4 aq. 


Weight 

Mols. 


Solid 

per cent, per cent. 

Temp. 

phase. 

85-60 

45-05 

28-3° 

i aq. 

87-77 

49-75 

43-6 

„ 

89-23 

53-34 

49-9 

,, 

89-23 

53-34 

46-9* 

0 

i(— 

— 

51-0 

HO 

9006 

55-55 

60-8 

0 

93-89 

67-95 

101-7 

0 

(m. p.) 

100 

170 

0 


Caesium. 


4-00 

0-420 

- 0-77 

ice 

8-11 

0-886 

-- 1-72 


14-29 

1-662 

- 3-44 

„ 

19-62 

2-414 

— 5-27 


26-75 

3-476 

- 8-12 

„ 

77-07 

25-37 

+ to 

1 aq. 

81-69 

31-09 

21-0 

„ 

83-25 

33-44 

26-2 

„ 

84-81 

36-09 

32-2 


86-88 

40-11 

39-2 


88-67 

44-18 

42-7 


90-42 

48-83 

44-6 

„ 

(in. p.) 

50 

45-0 


92-54 

55-61 

43-8 

,, 

93-47 

69-14 

42-6 

„ 


— 

41 

1+0 

95-27 

67-07 

05-4 

0 

96-67 

75-49 

161-6 


(m. p.) 

100 

265 

IP 


VOL. CXXI. 


♦ Metastable point. 


Ss 
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Table II, 


Acetates. 

Potassium. 


Weight 
per cent. 

Mols. 
per cent. 

Temp. 

Solid 

pliase. 

Weight 
per cent. 
5-00 

Mols. 
per cent. 
0-957 

Temp. 

-- 2-15“ 

Solid 

phase. 

ice 

2t>3 

0-732 

— 1-54° 

ice 

7-42 

1-450 

- 3-36 


4-83 

1-367 

- 2-98 


17-04 

3-031 

- 9-32 


9'52 

2-794 

— 0-02 


20-53 

4-530 

-12-32 


18-33 

5-777 

— 16-12 

yf 

25-50 

5014 

-17-92 


23'7() 

7-830 

+ 0 

2 aq. 



” 

31-28 

1104 

+ 25-8 


Rubidnim. 


38-2o 

14-45 

36-7 

,, 

9-59 

1-300 

- 2-79 

ice 

49-00 

21-13 

50-5 

,, 

10-11 

2-339 

- 5-27 

,, 

52-23 

22-97 

53-3 

,, 

19- 04 

2-957 

- 6-82 


o6'60 

26-24 

5o'4 


25-57 

4-100 

-10-27 


01-92 

30-72 

57-3 


82-92 

37-68 

- 9-50 

li 

(in. p.) 

33-33 

57-8 

,, 

86-23 

43-82 

+ 44-7 

„ 

04-25 

33-65 

57-8 

,, 

89-30 

50-97 

99-4 

„ 

64-88 

34-35 

57-0 

0 

91-35 

56-82 

125-2 


66-73 

35-04 

102-8 

,, 

{m, p.) 

100 

246 

„ 

71-33 

40-43 

157-5 



Caesium. 


(m. p.) 

100 

280 

” 

003 

0-602 

- 1-36 

ice 





19-38 

2-207 

- 5-32 

„ 





25-26 

3-077 

- 7-92 

„ 





34-22 

4-659 

-13-07 

„ 


Sodium, 


89-71 

91-06 

47- 00 

48- 74 

- 2-5 
+ 21-5 

0 

6-107 

1-407 

- 2-96 

ice 

91-98 

51-82 

61-1 

,, 

11-27 

2-712 

- 6-42 


93-09 

55-81 

88-6 


16-62 

4-192 

-1112 


95-78 

68-03 

133-8 

V 

20-57 

5-378 

-15 17 


{m, p.) 

100 

194 



All these salts, when anhydrous, are very deli(iuescent. In 
each case a small quantity was heated in a tube for several hours 
to a temperature a little below' its melting point, and then the tube 
was sealed while still hot and the melting point determined. 

The results are collected in the preceding tables, the first column 
giving the percentage by weight, the second the molecular per- 
centage, the third the temperature, and the fourth the solid phase 
in contact with the solution (0 - anhydrous salt). They are 
plotted (using molecular percentages) on Figs. 1 and 2, the salt 
curves of lithium, sodium, and potassium formates being taken 
from the results of Groschuff, that of sodium acetate from Green, 
and that of potassium acetate from Abe {loc. cit.). 

Discussmi of Results. 

In comparing the solubilities of the salts of the different alkali 
metals, it is necessary to consider the molecular percentages (whici 
are given in the diagrams), and to confine the comparison to the 
anhydrous salt curves ; ail that can be said of the hydrates 
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that they must be less soluble than the anhydrous salts at the 
same temperature. The accepted rule is that with the salts of 
weak acids the solubility increases with the atomic weight of the 
alkali metal, but that with strong acids the reverse is the case. 
Our results show that the formates and acetates on the whole 
follow this rule, as the salts of weak acids. 

The following are the solubilities in molecular perccutages at 
100^ as obtained by interpolation from the curves. The vahie 
for potassium acetate refers to the hydrate, KA^^HgO, but as the 
transition point, accordmg to Abe, is very near 100^, the solubility 
of the anhydrous salt should not be very diircrent. AW the other 
\-alues refer to the anhydrous salts, 

Lithium, Sodium. Potas.'^ium. llubidium. Cfosium. 


Foi-mate 31-7 29-8 02' 1 67 4 67'7 

Acetate 34*9 27-2 43 0 51-2 58'3 


The only marked exception is in the relative positions of the 
lithium and sodium salt,s. In the formates, the lithium salt is 
the more soluble below 120'’, and in the acetates it is so througliout. 
In both series the lithium and sodium salts are markedly less soluble 
than those of the other metals. In comparing any property of 
the alkali metals as a group, it will often he found (as, for example, 
with the ionic velocities) that they tend to fall into two sub-groups, 
the distinction between sodium and potassium being much more 
marked than that betw'een any other two consecutive members. 

The formation of hydrates by rubidium and caesium formates 
is very surprising, especially as no hydrate of the potassium salt 
was detected by Groschulf. The tendency to form hydrates 
certainly diminishes as a rule as the atomic weight of the alkali 
metal increases, and it is generally believed that rubidium seldom, 
and caesium never, forms hydrated salts, with the exception of 
double sails such as the alums. Our results show that this is not 
true of tbe organic salts, and further examples are given in the 
following pa[)er. 

One of us (J. A. H. R. G.) is in receipt of a Salters’ Fellowship, 
for which he wishes to express his gratitude. 

Dyson Perrins L-\bor.\tory, 

OxvvRW July 'im, 1922.1 
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CCXXII.— Solubility of the Alhali Salts of Benzoic 
and the Hydroxyhenzoic Acids in Water. 

By NEva Vincent Sidgwick and Etjnoe Kathabine Ewbank. 

In a previous paper (T., 1921, 119 , 979), we have shown that 
there is a great difference in volatility and solubility between 
0 - hydroxyhenzoic acid and its m~ and ^-isomerides. The object 
of the work described in the present paper was to determine 
whether this difference extended to the salts of these acids, and 
also to throw further light on the effect of the alkali metal on 
their solubilities and on their power of forming hydrates. 

The published data as to the solubilities of these salts scarcely 
extend beyond a few measurements at the ordinary temperature 
of some of the benzoates and saUcylates (Hoitsema, Z. physikal. 
Ckem.j 1898, 27 , 315, sodium salicylate at 20° : Greenish and 
Smith, Pharm, J., 1901, 65 , 774, 806, the same at 15® : Pajetta, 
Gazzetta, 1906, 36 , II, 67, potassium benzoate at 17 — 50° : Seidell, 
J, Amtr, Chem. Soc., 1909, 31 , 1164 and U.S. Dept, of Public 
Health, 1910, Bull. 67 , 91, lithium and sodium benzoates and 
salicylates at 25® : Pellini, Atti E, Acad. Lincei, 1910, 19, I, 331, 
sodium benzoate at 25° and 40°). Previous descriptions of the 
salts themselves will be referred to later. 

Preparation of Materials. — The lithium salts w^ere made by 
precipitating lithium sulphate solution with the barium salt of 
the acid ; the sodium and other salts by neutralising the acid with 
the corresponding hydroxide or carbonate. The rubidium car- 
bonate had been prepared in this laboratory by Mr. J. A. H. R. 
Gentle, by the method described in the preceding paper, from a 
specimen of the alum for w^hich we are indebted to the kindness 
of Mr. K. M. Chance. The caesium salt was made from a specimen 
of American pol Incite. The rubidium and ciesium salts were tested 
spectroscopically, and found to be free from other alkali metals. 

Determination of Solubility. — In a few instances this was done 
analytically, by evaporating to dryness a w'eighed quantity of the 
satui’ated solution. At higher temperatures, the solutions were 
usually too viscous to allo^v of this, and the measurements were 
made sjmthetically, by enclosing weighed quantities of the salt 
and water in small tubes, and observing the temperatures at which 
the last crystals disappeared on sIoav Avarniing. 

Examination of the Solid Phases. — The measurements could not 
be carried up to the melting points of the anhydrous salts, Giving 
to their decomposition; but they w'ere extended to temperatures 
at which it was obvious that the solid phase must be anhydrous. 
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Where a break in the curve indicated the formation of a solid 
hydrate, its composition was detennined by direct analysis if it 
could be obtained in sufficiently large crystals. If this was im- 
possible, the “ residue ” method was adopted. A small quantity 
of the chloride of the alkali metal was added to the saturated 
solution, and after filtering off any organic salt that might be 
precipitated (and might enclose solid chloride) the liquid was 
stirred for some time with excess of the solid hydrate ; the latter 
was then filtered off, and the amount of chloride in the filtrate 
and in the moist solid determined by Vollmrd’s method. The 
amount of water in each phase was estimated by drying at 100^ 
and in this way^ the quantity of water in the dry hydrate could 
be calculated. The results are not very accurate; the great 
solubility of the solid salt makes the liquid very viscous, so that 
the separation of the two phases is very imperfect, and it also 
depresses the solubility of the chloride to a few units per cent., 
which diminishes the accuracy of the titration. But the results 
are good enough to decide between different formulae for the 
hydrate. With rubidium o-hydroxy benzoate and rubidium and 
caesium ?H-hydroxybenzoates, the small size of the crystals and 
the high solubility and viscosity of the solutions made the use of 
this method impossible. 

The following solid phases ^verc observed (A = acid radicle) 

Lithium : LiA^gO. Analysed directly (found 1-09 
mol. of water to 1 mol. of salt). LiA, stable above 34A* 

Sodium and potassium: both anhydrous. Sestini [Bull Soc. 
dun., 1870, [ii], 13, 4lS 8) describes the preparation (by evaporation 
of the aqueous solution) of two salts, NaA,H 20 and KA, 3 H 20 , 
which he analysed by driving off the water by lieat. He does not 
state how he freed tliem from the very viscous mother- liquor. 
The solubility curves give no indication of the formation of either 
of these hydrate.s. With potassium, the formation of an acid salt 
a as observed^ but it was not further examined. Gerhardt 
{Jahresber., 1852, 450) obtained an acid benzoate, KA.HA, by the 
action of benzoic anhydride on potassium acetate in a Ieoh of : he 
describes it as only sliglitly soluble in cold water. 

Rubidium . Anhydrous. Ciystallises well, in large, flat prisms. 

- n acid salt separates in small quantity from the neutral solution; 

IS formation during the solubility measurements was prevented 
hy adding a slight excess of carbonate. 

Anhydrous ; apparently isomorphous with the rubidium 

o-%droa:y6€W2oa<e^.-Lithium : (l)LiA,6H20; this salt could 
• The transition teraperaturea were taken from the curves. 
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not be analysed, but the solubility curve is tending to a maximud 
near 14-3 mols. per cent., so that we can assume that like the 
sodium salt it contains six molecules of water. It changes at — p 


Fig. 1. Fio. 4. 

SolubUity of benzoates. Solubility of ^^kydroxybenzoates. 



i-iz O I'D A'** 

Na . - . X — Ca □ 

K — + 


into (2) LiA.HoO (found, by direct analy.sis, 0*83 mol. of water). 
(3) Li A, .stable above 53^. 

Sodium : NaAjCH^O (found, by direct analysis, 6*06 niol^. 
HgO). Massol {Ann. Chim., 1894, [vii], 1, 217) states that the 
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commercial salt contains IHjO, but we found no such salt. The 
hexahydrate goes over into the anhydrous salt at 20°. 

Potassium : KA.HjO (found, by residue method, 1-02 mols 
H,0); goes into the anhydrous salt at 29 ^ 

Fig. 2. 

Solitbility of O'hydroxybenzoates. 
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at 100°). (2) CsAjJHgO (1), a lower hydrate which could not be 
analysed, and which is stable between 39° and 74°. (3) CsA. 


Fig. 3. 

Solubility oj m^hydroxybenzoates. 



MoU. per cent 

Li 0 Rb . . . ^ . 

Na ■ • - X ♦ ' - Cs — — □ 

K + 


HofiFmann {Jahresber., 1877, 759) prepared acid salts of the 
O'hydroxybenzoates of lithium, sodium, and potassium. 

m-Hydroxybenzoak$, — The lithium, sodium, and potassium salts 
are all anhydrous. 
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Rubidium: RbA,H20 (found, by residue method, M4 mols. 
HjO); stable up to 47'*. 

CsBsium : CsAjXHgO. Owing to the fineness of the crystals and 
the high concentration of the solution this salt could not be 
analysed ; but its occurrence is clear from the break in the solu- 
bility curve at 45“". This could not be due to an acid salt, since 
its position was not altered by the addition of 4 per cent, of cesium 
carbonate to the solution. 

^.Hydroxybenzoates. — Lithium : anhydrous. 

Sodium : NaA,5H20 (found, by dehydration at 100^, 5-03 mols. 
HgO); described by Hartmann {J. pr. Chem., 1877, [ii], 16, 35); 
goes into the anhydrous salt at 39°. 

Potassium : KAjSHgO (found, by dehydration, 3-12 mols. HgO); 
described by Hartmann {loc. cit) ; goes into the anhydrous salt at 
79°. 


Table I. 
Benzoates. 


Lithium. Potassium. 


Weight 

Mols. 



Weight 

Mols. 



per 

per 


Solid 

per 

per 


Solid 

cent. 

cent. 

Temp. 

phase. 

cent. 

cent. 

Temp, 

phase. 

7-22 

1-082 

- 1 - 69 ° 

Ice 

5-04 

0-594 

- 0 - 86 ^ 

Ice 

13-69 

2-181 

- 3’94 


9-70 

1-193 

- 2-14 


19-85 

3-365 

- 6-49 

„ 

16-23 

2-131 

- 4-29 


27-97 

6-170 

iO 

1 aq. 

24-23 

3-471 

- 7-31 


29-80 

5-633 

+ 13-5 


39-89 

6-950 

+ 8-5 

0 

32-12 

6-239 

28-5 


40-60 

7-140 

13-0 


33-20 

6-532 

34-5 


44-92 

8-410 

41-0 


34-61 

6-928 

84-5 

0 

50-99 

10-49 

; 81-0 


36-51 

7-482 

111-0 


53"50 

11-46 

' 97-5 


45-14 

10-37 

162-4 


58-42 

I3-6j 

1310 


49-12 

11-97 

176.0 


66-09 

17-99 

1810 

>r 


Sodium, 



Rubidium. 


8-36 

M 27 

- 2-02 

Ice 

9-41 

0-897 

- 1-56 

Ic0 

16-.52 

2-414 

- 4-85 


21-15 

2-285 

- 4-71 


26-01 

4-210 

- 8-50 


33-32 

4-181 

- 9-04 


38-52 

7-265 

ib 

U 

45-75 

6-844 

- 14-75 


38-59 

7-284 

+ 15-0 

,, 

56-06 

10-02 

+ 15-0 

0 

38-60 

7-288 

30-0 


59-70 

n -45 

51-5 


38’ 70 

7-316 

49-2 


63-23 

13-05 

82-0 

** 

39-20 

7-460 

59-7 


70-32 

17-13 

147-0 


41-26 

8-070 

87-6 






42-28 

8-388 

97-0 



Caesium. 


47-30 

50-75 

10 - 09 

11- 41 

133-0 

151-3 


9-92 

0-774 

- 1-22 

Ice 

57-05 

14-24 

186-0 


25-62 

2 - 3 S 0 

-4 44 

,, 

60-43 

16-03 

204-5 


43-08 

5-091 

- 10-81 

,, 





74-75 

17-34 

+ 12-0 

0 





77-34 

19-47 

o 3-5 






81-51 

23-80 

124-0 



3s* 
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Rubidium ; RbA,H,0 (found, by dehydration, 1-04 mols. HjO); 

goes into RbA at 78 . , , . , . , ao i xi 

Csesium: (found, by dehydration, 1-08 mols. H^O); 

stable up to 64°. i • j . 

The results of the solubility measurements are contained m 

Tables I— IV, and are plotted (using molecular concentrations) in 
Figs. 1 — 4. 

Table II. 


0 - Hydroxybenzoates . 


Lithium. 


Weight 

per 

cent. 

Mols. 

per 

cent. 

Temp. 

Solid 

phase. 

10-17 

1-396 

-2-26“ 

Ice 

20-62 

3-145 

— 5-56 


35-83 

6-525 

-12-82 

T1 

45-25 

9-36.5 

— 8-5 

6 aq. 

4904 

10-74 

-1-0 

1 aq. 

53-45 

12- 12 

+ 9-0 

52-96 

12-34 

+ 3 - 0 * 

6 aq. 


10-0 

1 aq. 

56-50 

15-41 

28-5 

1. 

57-50 

15-98 

32-0 

V 


59*67 

17*22 

38-5 

M 

64*18 

20*13 

52-0* 

V 

66-56 

21*87 

60* 0* 

0 


73-0 

71-46 

26*04 

113-0 


75-77 

30*32 

138-0 



Sodium. 


4*94 

0*581 

-0-77 

Ice 

13-15 

1-675 

-2-65 


21-18 

2-935 

-5-04* 

6 aq. 

20-06 

2-746 

— 1-5 

29-61 

4-519 

+ 90 

M 

35-03 

5-718 

12-5 


40-48 

7-107 

15-2 

>1 

44*40 

8-242 

17-5 

>> 

50*00 

10-11 

20-0 

0 

55*10 

12-08 

47-5 

59-32 

14-09 

78*0 


64-16 

16-77 

114*0 


67*95 

19-27 

137-0 



Potassium. 
Weight Mols. 


per 

cent. 

per 

cent. 

Temp. 

Solid 

phase. 

10-49 

M85 

-1-82° 

Ice 

18-82 

2*316 

-3-47 


3115 

4-422 

-6-52 


35*80 

6*394 

-800 

,, 

44*08 

7*464 


1 aq. 

49*19 

8-450 

+ 9-0 


53*33 

10*46 

24-0 

„ 

55*82 

11-45 

28-5 


61-31 

13-95 

61-0 

0 

68*97 

18-53 

103-8 

„ 

70*20 

19-42 

108-5 


74*80 

23-29 

138-2 



Rubidium. 


12-34 

1-127 

-1-62 

loe 

23-48 

2-424 

-3-69 

„ 

33-81 

3-968 

-6-34 


42-77 

5-706 

-8-82 


53-40 

8-488 

-13-17 


64-85 

12-99 

+ 8-0 

1 aq. 


68-15 

14*77 

21-5 


69-84 

15*79 

27-0 


74-97 

19*53 

- 49 0 

0 

77-96 

22*26 

73-0 


79-89 

24-34 

88-0 


86-36 

33-88 

134-0 



Ctesium. 


16-08 

1*264 

-1-83 

Ice 

30-97 

2*907 

-4*24 

M 

47-71 

5*740 

-8-08 

1 aq. 

65*70 

11*32 

-3-5 

68-24 

12*53 

+ 4-5 


74-59 

16*37 

20-5 


80-07 

21*13 

33-0 

1 aq- 

83*35 

25*03 

41-5* 

8.5-67 

28-50 

54-0 


89-91 

37-28 

67-5 

(1 

92-80 

46-00 

84-3 

94-33 

52-58 

107*5 



Metastable point. 
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Lithium. 


Table III. 
w-Hydroxybenzoates. 


Kubidiuni. 


Weight 

Mols. 

Solid 

Weight 

Mola. 



per 

per 

[>er 

per 


Solid 

cent. 

cent. Temp. 

phase. 

cent. 

cent. 

Temp. 

phase. 

16-02 

2-33 -4-4r 

Ice 

14-92 

1-399 

-2-23° 

Ice 

29-58 

4-99 -10-78 


32-13 

3-690 

-6-41 

39-97 

52 53 

7-68 -17-67 

13-46 +10-0 

0 

48-88 

7-184 

-13-69 

Ice + 

1 aq. 

1 aq. 

55-04 

14-68 74-5 

„ 

.50-61 

7-658 

+ 14-0 

58-47 

61-86 

16-52 104-0 

18-57 122-0 

Sodium. 


54-94 

6002 

65 04 
70-45 

8-982 

10-83 

13-10 

16-17 

32-5 

45-0 

640 

88-0 

0 

14-68 

1-899 -3-21 

Toe 

74-49 

19-11 

105-0 

** 

30-53 

45-16 

4-71 -8-85 

8-48 -17-52 


79 91 

24-35 

1300 


58-78 

13-82 +10-0 

0 


UaGsium. 



64-61 

69-75 

I2-.19 

22-25 

31-34 

49-39 

59-04 

61-94 

69-00 

75-02 


17-94 

20-60 


110-0 

147-5 


Potassium. 


1- 43 

2- 775 
4-46 
9-07 


-2-41 

-5-0() 

-8-59 

-19-92 


12-85 +10-0 


14-27 

18-98 

23-52 


33-^ 

95-0 

I36-S 


16-98 
32-84 
48-53 
63-15 

77- 10 

78- 52 
81-70 
84-45 

86- 35 

87- 88 
89-88 

M 93-42 

Me tas table point. 


Ice 


0 


1-348 

3-160 

5-919 

10-25 

18- 34 

19- 61 
22-95 
26-60 
29-67 
32-60 
37-21 
48-64 


-1-97 
-4-92 
-9-65 
-18-50 
+ 10-0 
19-0 
29-0 
35-0 
40-0 
41 

73-0 

126-5 


Ice 


X aq. 


Dhamion of Remits. 

The I'esults clearly show that the anomalous differences found 
in the solubilities of the free hydroxylienzoic acids do not extend 
to their salts, among which no marked differences arc to be observed. 
K i.s therefore evident that these anomalies depend on some 
oheniicai change in which the hydrogen of the carboxvl group takes 
part, .since they vanish when thi.s hydrogen is replaced bv a metal. 

The general conclusion which emerges as to the influence of the 
alkali metal is that (a,s we should expect ivitli the .salts of iveak acids) 
the solubility of the anhydrous salt increases with the atomic 
"eight of the metal. This is true over the greater part of the 
range with only one exception, litliiiim o-hydroxvbenzoate, which 
IS more soluble than the sodium and potassium salt.s; this may be 
lie to the salt not being isomorphoiis with its isomerides. The 
mterpolated values in molecular percentages of the solubilities of 
le salts at 100" (where they are all anhydrous) are as follow : 

Metal. 

. Benzoate 

'^•Hydroxy benzoate 


Li. 

Na. 

K. 

Rb. 

Cs. 

7 24 

S-4S 

11-63 

14-02 

22-13 

24-52 

15-60 

18-07 

26-10 

50-35 

16-16 

16-52 

19-47 

18-07 

41-84 

5-82 

10-10 

15-16 

14-13 

1263 


3s* 
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Table IV. 


Hydroxybenzoates . 

Lithium. Rubidium. 


Weight 

per 

cent. 

Mols. 

per 

cent. 

Temp. 

Solid 

phase. 

Weight 

per 

cent. 

Mols. 

per 

cent. 

Temp. 

Solid 

phase. 

5-04 

0-659 

-0-98® 

Ice 

9-92 

0-883 

-1-17® 

Ice 

9-81 

1-341 

-2-37 


17-47 

1-685 

— 2-47 

,, 

17-88 

2-650 

-5-23 


26-22 

2-798 

— 4-22 

1 aq. 

25-96 

4-199 

-9-28 


35-66 

4-297 

+ 17-5 

31-54 

5-488 

-12-62* 


45-95 

6-441 

45-0 


30-84 

6-280 

+ 12-5 

0 

55-73 

9-248 

68-0 

0 

30-92 

5-299 

±0 


64-95 

1304 

94-0 

31-96 

5-557 

+ 85-0 


74-00 

18-72 

120-5 


35-00 

6-308 

113-0 


75-92 

20-33 

127-0 

» 


Sodium, 

5-075 0-597 -0-77 Ico 

10-43 1-293 -2-07 

19-65 2-678 -f7-0 5 aq. 

31-47 4-914 24-0 

41-32 7-342 36-5 

45-61 8-623 39-0* 

43-0 0 

50-51 10-30 107-5 „ 

64-93 12-06 163-0 

Potassium. 

8-04 0-821 -1-43 Ice 

15-55 1-848 -3-24 

29-91 4-184 +15-8 3 aq 

35-50 5-355 25-8 

45-71 7-932 43 0 

56-70 11-82 64-4 

59-34 12-99 70-5 

63- 01 14-84 86-8 0 

64- 95 15-94 129-5 

♦ Metastable point. 

The effect of the metal on the formation of hydrates is normal 
in the benzoates, where only the lithium salt is hydrated, but 
with the hydroxy benzoates tbe ordinarj^ rule, that hydration onl) 
occurs with the salts of the lighter alkali metals, no longer holds. 
The csesium and rubidium salts form hydrates in all cases, in spite 
of the fact that in the para- series the lithium, and in the meta- 
series the lithium, sodium, and potassium salts do not. Ihc same 
relations w^ere found among the alkaline formates, as is desen e 
in the preceding paper. It is evident that in the formation o 
hydrates the kation is not the only determining factor. 

Our thanks are due to l\Ir. T. V. Barker for his Mnd 
distinguishing crystallographically betw'een the differen s 
phases. 


Caesium. 


14-34 

1103 

-1-56 

Ice 

20-38 

1-677 

-2-42 


29-57 

2-723 

-4-27* 


40-80 


+3-5 

1 aq. 

4-395 

27-5 


50-07 

6-268 

49-0 


60-36 

9-222 

75-0 

0 

65-35 

11-17 

90-3 

„ 

70-67 

13-85 

107-5 


73-84 

1.5-84 

118-0 


79-88 

20-93 

136-0 

„ 
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CCXXirr. The Soluhility and Volatility of 
3 : 6-DinitrophenoL 

By Nevil Vincent Sidgwick and Thomas Weston Johns 
Taylor, 

In a previous paper (Sidgwick and Aldous, T., 1921, 119, 1001) 
these properties have been measured for five of the six possible 
flinitrophenols. We have now completed this investigation by 
examining the sixth member of the group, the symmetrical (1 : 3 : 5) 
compound. We have also been able to make a considerable 
improvement in its preparation. 

Preparation of 3 : o-Dinitrophenol—'Dia chief method that has 
hitherto been employed is that described by Lobry dc Bruyn 
tav, chim., 1890, 9, 209) and used by Holleman {ibid., 1902, 
21, 438). It consists in converting 5-trinitrobenzenc into the 
dinitroanisole by boiling it with sodium methoxide in methyl- 
alcoholic solution, and hydrolysing the latter Ijy heating it with 
concentrated hydrochloric acid in a sealed tube at 180° for six 
hours. The conversion into the anisole offers no difficnltv, but 
the hydrolysis was found to be unsatisfactory, both on account of 
the time it takes and because the high temperature that has to be 
used brings about the formation of much tar. The best yield 
obtained by this metliod was 28 per cent, of theory, calculated on 
the trinitrobenzene. Hydriodic acid was tried iakead of hydro- 
chloric acid, but after heating for half an hour at 100° the main 
product was 3-nitro-5-aminoanisole, m. p. 118°, The removal of 
the methyl group by the action of aluminium chloride with carbon 
disulphide or benzene as solvent was also unsatisfactory, especially 
m the former case. Eventually it was found that the action of 
tlry aluminium chloride in the absence of any solvent gave com- 
pletely satisfactory results (compare Gattennann and Hartmann, 
1892, 25 , 3531). The procedure adopted was as follows. 

% 3 : o-dinitroanisole was heatt'd with twice its weight of dry, 
finely powdered aluminium chloride in an oil-bath to 120°, and 
tept at this temperature until the evolution of methyi ehioride 
ceased. ; The product was treated with crushed ice, and the re- 
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suiting solution made strongly alkaline, cooled, and filtered. On 
acidifying and again cooling the filtrate, the dinitrophenol crystal. 
Used out. The yield of anhydrous phenol by this method varied 
from 85 to 90 per cent.; the over-all yield, calculated on the 
trinitrobenzeue used, was 77 — 80 per cent, of theory. 

The phenol thus obtained was purified by repeated crystallisation 
from very dilute hydrochloric acid. It separates in fine, almost 
colourless needles, which Holleman {loc. at.) has stated to be a 
hydrate. It was analysed and showm to have the formula 
CgH 3 (N 02 ) 2 ’OH, 2 H 20 by estimation of the nitro-groups by the 
method of Knecht and Hibbert {Ber., 1903, 36 , 1549) and also by 
the loss of weight on drying at 55° (Found : loss = 16-41. Calc, 
for dihydrate, loss = 10 ’36 per cent.). 

The transition temperature of this hydrate (that is, the triple 
point dihydratc-anhydrons phenol-solution) does not appear 
clearly from the measurements of the solubility in water, because 
the solubility at this temperature is small ; it was determined by 
slowly heating a sample of the dihydrate in a sealed bulb and 
observing the temperature at which it formed a solid and a solution; 
it was also measured in a dilatometer. These two methods gave 
concordant results : the transition temperature is 53-9°, 0’2° below 
that at which mixtures of the phenol and water break up into two 
liquid layers. 

The anhydrous phenol was obtained from the hydrate by heating 
to 60° in a water-oven, and finally to 100°. The melting point of 
the pure anhydrous compound was found from a cooling curve to 
be 126*1° (corr.) ; Holleman gives 124°. 

Latent Heat of Fnsiov . — This was determined by measuring the 
depression of the freezing point on the addition of benzil, and of 
m-dinitrobenzene. The values obtained were:-- 



Benzil. 


Weight 



per cent. 


Heat of 

of solute. 

Depression. 

fusion. 

0-26 

0-23= 

3-15 

1-20 

107 

3-15 

1-91 

171 

3-15 


Mean 3' 15 



Dinit ro benzene. 


Weight 

per cent. 


Heat of 

of solute. 

Depre.ssion. 

fusion. 

O' 48 

0-55'’ 

3-02 

1'83 

2-02 

3-20 


Mean 3- 11 


The mean value of Q, the latent heat, is 3*13 kg.-calories per 
gram-molecule. 

SoluhiliUj in Water and in Benzene ,' — These were measured by 
the synthetic method previously adopted. The thermometers had 
been compared with a standard, and were corrected for emergent 
stem. The results are tabulated below, and are shown in Fig. h 
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Fig. 1. 


SoluhUity in water and benzene. 



Water 0 

Benzene - - - x - - - 


In the first table, the letters H and P indicate that the solid hydrate 
or anhydrous phenol was in contact with the solution ; in other 
cases, the separation was into two liquid layers. In benzene, the 
second phase was always solid phenol. 


Solubility in Water, 


Weight 


Weight 


Weight 


per cent. 

Temp. 

per cent. 

Temp. 

per cent. 

Temp, 

100 

126-1" P 

83-64 

57-9" P 

57-66 

121-5" 

9608 

100-5 P 

81-70 

55-5 P 

29-98 

124-6 

93 00 

81 .3 P 

79-57 

54-5 P 

10-83 

109-3 

90-71 

69-9 P 

77-61 

54-1 P 

3-23 

70-4 

86-31 

61-9 P 

69-66 

97-6 

1-36 

51-6 H 

Triple point 54-1°. Critical solution temperature 125’^. 




Solubility in 

Benzene. 



Weight 

Mola. 


Weight 

SIols. 


per cent, 

per cent. 

Temp, 

per cent. 

per cent. 

Temp. 

100 

100 

126-1" 

51-13 

30-72 

97-7" 

91-20 

87-32 

116-0 

32-63 

16-27 

94-4 

83-73 

68-58 

102-8 

20-13 

9-65 

85-0 

73-08 

53-53 

103-4 

6-39 

2-81 

60-9 
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Volatility in Steam . — This property was measured by the method 
previously used (T., 1920, 117, 396), the distillate being analysed 
by reduction with titanous chloride. Under a pressure of 768*5 niiu, 
the distillate was found to contain 0-0055 per cent, by weight of 
the dinitrophenol, the temperature of the liquid being 101-2®. 
The partial pressure of the compound in the vapour in equilibrium 
with the two liquid layers which are present at this temperature 
is therefore 0-00413 mm. From this we can calculate approxim- 
ately the vapour pressure of pure liquid dinitrophenol at the same 
temperature, by the method already explained (Sidgwick and 
Ewbank, T., 1921, 119, 995), At the triple point, the partial 
pressure of the phenol above the solution is equal to the vapour 
pressure of the solid, and the ratio of this to the vapour pressure 
of the pure liquid can be calculated from the heat of fusion to be 
1 : 2-37. The saturated liquid layer at 100° has a composition not 
very different from that of the triple point, and over this range 
the vapour pressure changes very slowly with composition. We 
can therefore assume that the vapour pressure of the liquid is 
lowered by the dissolved water at 100° in the same ratio as it is 
at the triple point, in which case the pure liquid has a vapour 
pressure of 0*00413 X 2-37 — 0*0098 mm. 

Nominal Heats of Solvtion . — From the benzene solubility curve 
what have in previous papers been called the nominal heats of 
solution at various concentrations can be calculated by the use 
of the equation which van’t Hoff deduced by means of the osmotic 
pressure. As it may be doubted how^ far it is legitimate to make 
use of osmotic pressure in dealing with concentrated solutions, it 
is worth pointing out that the same relation can be established 
without regard to the osmotic pressure, by considering the vapour 
pressure alone. The whole object of the calculation of the nominal 
heat of solution is to obtain a measure of the departure of the 
actual solubility curve (and therefore of the vapour pressure curve) 
from that given by a normal pair of components. The vapour 
pressure curve for such a pair is of the simplest possible kind, the 
partial pressure of each component being equal to the product of 
its vapour pressure in the pure state into its molecular concentration 
in the solution. This is not merely an ideal case ; many examples 
are known of systems giving this straight-line curve within the 
limits of experimental error.* Hence if p is the vapour pressure of a 
pure liquid, and pi its partial pressure in the vapour of the solution in 
which its molecular concentration is 5, we have, for a normal system, 
Pi = p X s or 5 = pi/p. 

* Compare Boozeboom, "Das Heterogene Gleichgewicht,” 1904, 2, 1, 21; 
Young, “ Distillation Principles and Processes,” 1922, p. 30. 
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This relation must determine the normal form of the solubility 
curve; and it is easy to show that this curve must give values of 
the heat of solution calculated by means of the van't Hoff equation, 
which are constant (or, strictly speaking, which fall slightly with 
diminishing concentration). The ratio of the vapour pressure of 
a pure liquid [p) to that of the solid [p') at a temperature, T, which 
is below the melting point, Tq, can be shown by the application of 
the Clausius-Clapeyron equation to be given by 



Q T^~T 

r 


The only assumptions made in the deduction are (1) that the 
molecular volume of the liquid or solid can be neglected in com- 
parison with that of the vapour, and (2) that the heat of fusion, Q, 
is independent of the temperature. As to (1), the pressures we are 
concerned with being of the order of 1 mm., the molecular volume 
of the vapour will be some 20,000 litres, whilst that of the liquid 
or solid is of the order of 100 c.c. As to (2), it has already been 
shown {Sidgwick and Ewbank, T., 1921, 119 , 993) that Q will 
always fall, but seldom more than 30 per cent, for 100° fall of 
temperature. We may therefore accept the conclusion with this 
limitation. 


Kow in a saturated solution of a solid, the partial pressure of this 
component in the vapour is equal to the vapour pressure of the 
solid, that is, p^ = p' . But we have already seen that, for normal 
substances, s ~ p^jp. Hence s ~ p'Jp. 

Hence 


log, s ^ 


Q T^-T 
R ' T,T ^ 


or, if we take the values ^2 of the solubility at the temperatures 


T,-T, 
s, R T,T 


It follows that this equation, which has hitherto been used for 
calculating is always justified when the two components give a 
normal straight-line vapour pressure cun^e. This conclusion is, 
in fact, Raoult’s law. If Q does not remain constant (or fall slightly 
with diminishing concentration), this indicates that the system is 
departing from normal beliaviour ; and if ^ becomes very large 
(mdicatiiig a very slow change of partial pressure with concen- 
tration), that is evidence that the system is approaching the tem- 
perature at which it separates into two liquids. 

fhe nominal heats of solution of 3 ; 5-initrophenol in benzene 
are given in the following table, and are plotted in Fig. 2, where 
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the values for two of the isomeric phenols are added for comparison 
In the table, the concentrations are expressed in gram-mols, per 
iOO gram-mols. of solution, and the heats in kg.-caiories. The first 
value is the latent heat of fusion obtained from the cryoscopic 
measurements already described. 


Nominal Heats of Solution in Benzene. 


Mean mol. 

Heat of 

Mean mol. 

Heat of 

per cent, 

solution. 

per cent. 

solution. 

100 

313 

45 

23-75 

95 

3'86 

35 

39-29 

85 

7-31 

25 

49-89 

75 

10'S2 

15 

19-36 

65 

1:138 

6-5 

11-64 

55 

15-55 




Fig. 2. 

Heats of solution in benzene. 



Mols. per cent. 

1:3:5 O 

1:3:4 X 
1:3:6--.+ --. 

For comparison, the chief properties of this compound are tabul- 
ated below, together with those of two of its isomerides which also 
have the meta-position occupied, the 1:3:4 and the 1:3:6 or 
1:2:5:-^ 
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Compound. 

1:3:5-. 

1:3:4-. 

1:3:6- 

yap. press, at 100® in mm. x 100 | 

0-413 

0-98 

0-103 

0-664 

44-8 

50-6 

Crit. sol. temp, in water 

125® 

105-2® j 

f V. high 

L (>20U®) 

Increase of Q in benzene 

46-7 

4G-4 

40 


The behaviour of this compound is in complete accordance with 
the conclusions of the previous work. It belongs to the group 
which have a low vapour pressure, a low critical solution tem- 
perature in water, and a large increase of heat of solution in benzene. 
These three properties have been shown to be characteristic of those 
iiitrophenols which are not substituted in the ortho-position to the 
hydroxyl group. 

Dyson Peerins Laboratory, 

Oxford. [Received, Jul^ 1922.] 


.--i^oPropylstannonic Acid and its Derivatives. 

By John Gerald Frederick Druce. 

woPkopylstannonic acid, prepared in a similar manner to ethyl- 
stannonic acid * (T., 1921, 119, 758), by the interaction of iso- 
propyl iodide and potassium hydrogen stannite in accordance 
with the equation CgHjI -|- KHSn 02 = CaH^-SnOOH + KI, is 
amphoteric, forming salts with bases (most of which are basic) 
and dissolving in hydrochloric or hydrol^romic acid to give the 
tin wopropyl trihaloid. 

By boiling with excess of alkali liydroxide solution, the acid is 
converted into dii^opropylstaunio oxide : 

2CVH7-SnO-OK - {C3H.)2SiiO K^SnOg. 

This reaction recalls the mode of formation of ketones, with 
which thi.s oxide is analogous but to which it shows very little 
resemblance in physical and chemical ])ropertie.s. When treated 
with hydrochloric or hydrobromic acid, it yields the corresponding 
dihaloid. 

The di- and tri-haloid derivatives, (C 3 H-) 2 SnX 2 and CgH -* 811 X 3 , 
yield double salts with the Iialogen salts of pyridine. These sub- 
stances have properties similar to tliose of the organic stanni chlorides 
(T., 1918, 113 , 715). 


Experiment a l. 

hoPropyktannonic Acid, CjH^’SnO’OH. — The potassium hydrogen 
stannite solution required was made by adding a sufficient quantity 
* Called ethylstannio acid in the paper quoted. 
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(about 250 c.c.) of 10 per cent, potassium hydroxide to produce a 
clear solution with 20 grams of stannous chloride, shaken with 
60 c.c. of water. woPropyl iodide (22 grams) was then added and 
the mixture was shaken at intervals during ten days.* When the 
isopropyl iodide had disappeared, the solution was treated with 
dilute hydrochloric acid until neutral, the gelatinous precipitate 
of impropylstannonic acid filtered, washed with warm water, and 
dried on a porous plate (Found ; Sn ^ 59*9 ; 0=18-0; H = 4 - 5 , 
CgHgOgSn requires Sn = 60-0; C — 18-5; H = 4-1 per cent.). 

The isopropylstamionic acid was an almost white, amorphous 
substance, which did not melt, but decomposed when strongly 
heated, leaving a residue of stannic oxide. The acid was anhydr* 
ous, and did not gain in, weight on exposure to the air. When 
heated out of contact wth the air, it decomposed, giving off wo- 
propyl alcohol, propylene, and a trace of propane. The residue 
contained stannous and stannic oxides and also a little carbonaceous 
matter. 

The acid was insoluble in water and organic solvents, but dis- 
solved in dilute mineral acids and in sodium or potassium hydroxide. 

The potassium salt, C 3 H/SnO'OK, was prepared by digesting 
excess of the acid (5 grams) with 40 c.c. of 10 per cent, potassium 
hydroxide for several hours on a warm water- bath. After filtration 
the solution was kept in a desiccator over sulphuric acid until 
colourless, deliquescent, tabular crystals separated. These were 
washed with alcohol, drained, and dried between filter-paper 
(Found : K = 16-9 ; Sn ^ 49-6. C^H^OaKSn requires K — 16'7 ; 
Sn = 51-0 per cent.). The salt dissolved readily in water, forming 
a very alkaline solution which became cloudy on keeping and on 
w^arming, owing to hydrolysis. With excess of alkali, the solution 
remained clear. 

The sodium salt was isolated in the same way as the potassium 
salt, which it resembled in its properties (Found : Na — 10-3; 
Sn = 53-7. CgH^OgNaSn requires Na = 10-G ; Sn = 54-8 per cent.). 

Basic calcium, strontium, and barium salts were obtained as 
white precipitates by adding excess of a solution of sodium or 
potassium wopropylstannonate to solutions of the metal chlorides. 
On analysis, the products were found to contain excess of the 
alkaline earth metal, and less tin, hydrogen, and carbon than 
the normal salt, (C 3 HjSn 02 ) 2 i\I, would require. Other basic salts 
of little interest were also obtained, 

* In some experirnoiits the equivalent amount of isopropyl bromide was 
used instead of the iodide, and in others the duration of the reaction was 
shortened by the addition of alcohol to tiie reaction mixture, tlius making 
it a nearly homogeneous solution. 
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Tin Diisopropyl Oxide, (CjH^jgSnO. — ^This substance was most 
readily formed by heating under reflux for four hours the reaction 
mixture obtained in the preparation of isopropylstannonic acid. 
Carbon dioxide was passed through the pale brown solution, and 
the white precipitate, which, unlike the stannonic acids, was easily 
filtered and washed, was dried on porous plate in a desiccator 
over sulphuric acid and solid sodium hydroxide (Found : Sn = 53*6. 
CgHjiOSn requires Sn = 53*8 per cent.). 

Tin diisopropyl oxide is infusible. When heated in air, it yields 
stannic oxide. It does not dissolve in water, aqueous solutions 
of alkalis, or in organic solvents, but is soluble in hot hydrochloric 
and hydrobromic acids, yielding the corresponding tin ditsopropyl 
dihaloids. 

The oxide ha& also been obtained by boiling tsopropylstannonic 
acid with excess of 10 per cent, potassium hydroxide for half an 
hour. The residue of tin dii^opropyl oxide was isolated as 
described above. 

Tin iaoPropyl Tribromide, CgH^-SriBrg. — Very deliquescent, pale 
yellow, prismatic tablets of this substance were obtained by allow- 
ing a solution of 4 grams of wopropylstannonic acid in 25 c.c, of 
concentrated hydrobromic acid to evaporate in an evacuated 
desiccator over sodium hydroxide (Found : Sn = 28-7 ; Br = 58*9. 
C 3 HjBr 3 Sn requires Br — 59’7 ; Sn = 29-6 per cent.). It melted 
at about 112 ° and was very soluble in water, giving a strongly 
acid solution. Dry ether did not dissolve it, but it w^as soluble 
in the moist solvent, and also in glacial acetic acid ; hot benzene 
and chloroform appeared to dissolve it slightly, but the substance 
was not recovered in a pure condition on removal of the solvent. 

Pyridine isoPropylstannibromide, C 3 H,*SnBr 3 , 2 C 5 H 5 X, 2 HBr. — 
Tin wopropyl tribromidc (2-5 grams) and pyridine hydrobromide 
(2 grams) were dissolved together in 50 c.c, of dilute hydrobromic 
acid. The solution was slightly concentrated on the water- bath, 
and, on cooling, de}>osited pale yellow, nacreou.s plates (Found : 
8 n := 16*5 ; Br ^ r>r> (). Cj 3 Hj 9 N 2 Br 5 Sn requires Br ~ 55-4 ; Sn ^ 
16‘5 per cent.). The substance crystallised unchanged from dilute 
hydrobromic acid, and did not melt at 300'^, It was soluble in 
water and showed the properties of organic staniiichlorides (com- 
pare T., 1918, 113 , 715). 

Pyridine koPropylstannichloride, C3H7'SiiCl3,2C5H5N,2HCl.— 
Attempts to isolate tin isopropyl trichloride, O 3 H -* 80013 , from 
hydrochloric acid solutions of Mopropylstannonic acid have been 
unsuccessful. The double pyridine chloride has, however, been 
obtained by dissolving 3 grams of t^opropylstannonic acid in 2o c.c. 
of concentrated hydrochloric acid and adding 1*8 grams of pyridine 
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hydrochloride together with 25 c.c. of water. This solution yielded 
colourless, sword- shaped crystals, which were recrystallised from 
dilute hydrochloric acid and dried between filter-paper (Found : 
Cl = 35-1 ; Sn - 24*0. requires Cl = 354 ; Sn ^ 

23-9 per cent.). 

Pyridine isopropylstannickhride did not melt at 300'^ ; it dissolved 
in warm water with slight hydrolysis. The acidified solution gave 
a yellow precipitate when treated with ammonium sulphide. 

When isopropylstannonic acid was acted upon by concentrated 
hydriodic acid, a clear solution was not obtained. Benzene 
extracted a pale yellow, crystalline solid from the reaction products. 
This gave no carbon dioxide or water when ignited with pure 
copper oxide. The substance incited at 144^ and proved to be 
stannic iodide. Crystals of potassium stanni- iodide, KgSnl^, were 
obtained when tsopropylstannonic acid was heated with potassium 
iodide and hydriodic acid. 

With pyridine, the only product of interaction of the acid and 
hydriodic acid which separated was pyridine tri -iodide, 
in brow needles. 

Tin Dmopropijl Dichloride, (C3n7)2SnCl2. —Tin diwopropyl oxide 
(5 grams) was dissolved in 25 c.c. of hot concentrated hydrochloric 
acid. After cooling in a desiccator, this solution gave almost 
colourless, transparent crystals, uliich were rccrystallised from 
benzene, in which they dissolved hut sparingly in the cold (Found : 
Cl = 26-1 ; Sn - 434. CgHj^CUSn requires Cl == 25*7 ; Sn = 43-1 
per cent.). 

Tin dikopropyl dichloride melted at 80 — 84^, and was soluble 
in water, alcohol, hot benzene, and hot glacial acetic acid. The 
chief product of hydrolysis obtained when the aqueous solution 
was boiled, was the jiydrfjxy-chloride, since, after filtration and 
washing, it dissolved in hot dilute nitric acid. The solution gave 
a copious precipitate of silver chloride with silver nitrate solution, 

Tin diwopropyl dichloride was deliquescent. When heated, it 
emitted the strong odour of the tin trialkyl haloids, which sug- 
gested that it decomposed in accordance with tlie equation 

3(C3H7),2SnCl2 = 2(C3H.)39nCl + SnCl4. 

This matter is being investigated further. 

Pyridine dmopropuhtannlchlorklp, (C3Hj)2‘SiiCl2,2C5H5N,2HCl.— 
This double salt was prepared liy dissolving together 2 grains of 
pjTidinc hydrocldoride and 2 grams of tin di isopropyl dichloride 
in 25 c.c. of hot dilute hydrochloric acid. On cooling, colourless 
crystals separated (Found : Cl = 28-3 ; 8n — 24-6. CigH 2 ftN 2 Cl 4 Sn 
requires Cl = 28-0 ; 8n ^ 23-5 per cent.). The compound began 
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^ darken without melting at 270°. It dissolved in water with 
slight hydrolysis, producing, as in the case of all these double 
salts, a distinctly acid solution. 

Tin Diisopropyl Dibromide, (CjH^lgSnBrg.— This was obtained 
by dissolving tin diwopropy] oxide in hot hydrobromic acid. The 
solution deposited pale yellow, hygroscopic crystals after remaining 
for several days in a desiccator over solid sodium hydroxide (Found : 
Br - 43-0; Sn = 3M. CgHj^BrgSn requires Br — 4IV8 ; Sn — 32-6 

per cent.). 

fin diisopropyl dibromide decomposed on addition of cold water, 
in which it dissolved at first. Moist alcohol, acetone, and benzene 
all dissolved it slightly, but it was insoluble in other organic 
solvents. It melted at about 54*^. 

Pyridine Dmopropylstannibromide, (C3H7)2SnBr2,2C5H5N,2HBr. 
—About 2 grams of tin diisopropyl dibromide and 2 grams of 
pyridine hydrobromide were dissolved together in 20 c.c. of hot 
dilute hydrobromic acid. The solution deposited very pale yellow 
platelets (Found : Br = 48-8 ; Sn - 16-3. CigH 2 gN 2 Br 4 Sn re- 
quires Br — 49'6; Sn — 16*4 per cent.). The salt dissolved in 
water with slight hydrolysis. On heating, it began to darken at 
230° and decomposed at a somewhat higher temperature. 

The author wishes to acknowledge hi.s indebtedness to the 
Chemical Society for a grant from the Research Fund which has 
largely defrayed the expenses of this iiw estigation. 

Chemical Laboratory, 

Battersea Gramaiar School, SAV.I1. [Received, July 1922.] 


CQXXY.—Piperitone, Part IV. The Inleraction of 
^-Piperitone and Semimrhazide^ and the Isolation 
of Pure dVPiperitone. 

By John Read and Henry George Smith. 

In our original note on the interaction of d/-piperitone and se mi - 
carbazide (T., 1921, 119 , 784), the effect was described of mixing 
the ketone in cold aqueous alcoholic solution witii an excess of the 
hydrochloride of the base. The material uhich separated after 
S' few hours, when once recrystalliscd from boiling alcohol, melted 
220°, and seemed to he similar to the semicarbazone of 
the synthetic Ahp.menthen-3-one dcscrilied by Wallach {Annalen, 
t908, 362, 272). From the data then at our disposal, the two 
products appeared, however, to he distinct, owing to apparent 
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differences in solubility, melting point {Wallaoh, he, cit.), and ease 
of formation (compare Roberts, T., 1915, 107 , 1466). The lack of 
reference in these two papers to a benzylidene derivative, which 
in the case of piperitone is capable of such ready production, seeiued 
to support this conclusion. Unfortunately, also, these sources 
afforded no reference to hydroxylamine derivatives of the ketones 
concerned. The question of the identity of piperitone was accord- 
ingly reserved for discussion in a later communication, after the 
accumulation of further data (?oc. c it., p. 783). 

Subsequently, we were able to obtain access to Schimmel’s Semi- 
Annual Report for October, 1910 (compare Roberts, loc, cit.), giving 
a description (p. 97) of a A^-p-menthen-3-one from Japanese pepper- 
mint oil, which yielded not only a semicar bazone melting at 224— 
226°, but also an oxime melting at 107 — 109^ and a hydroxylamino- 

o. xime melting at 164 — 165°. The strong case thus established for 
the acceptance of the chemical identity of piperitone ^Yith the 
ketonic constituent of Schimmers Japanese peppermint oil and 
Roberts’s oil of Cymbopogon sennaarmsis, and with Wallach’s 
synthetic ketone, was strengthened in a striking manner by Simon- 
sen’s contemporaneous investigation of the dextrorotatory ketone 
from the oil of the Himalayan grass, Andropogon Jimrancusa (T., 
1921, 119 , 1644). In a more recent communication (this voL, 

p. 589) this conclusion was confirmed by the establishment of the 
crystallographic identity of JZ-piperitone-a-oxime, prepared from 
the laevorotatgry ketone of Eucalyptus dives, with a corresponding 
product derived by Simonsen from the dextrorotatory ketone of 
A. Jwarancusa. The additional observation, recorded below, that 

-piperitone from E. dives yields twm scmicarbazones, melting 
after careful purification at 226 — 227° and 174—176°, respectively, 
provides a further indication of the chemical identity of the ketones 
from the various sources which have been mentioned. 

Judging from the small, but distinct dextro rotations shown hy 
the preparations, extracted with sodium sulphite solution, from 
the oils of Japanese peppermint and C*. sennaarensis, piperitone 
occurs in these oils, as in that of A. J wamneusa, in the dextro- 
rotatory form. Thus, the ketone isolated by Simonsen from the 
last-named source by fractional distillation under diminished 
pressure had [aj* + 36*76°, but after treatment with sodium 
sulphite and alkali the value for the purified ketone had declined, 
owing to partial racemisation, to -f- 7 '92°. Specimens pre- 
pared from the oil of E. dives by fractional distillation under 
diminished pressure often exhibit values in the vicinity of [a]?,’ — 50 • 
It is thus noteworthy that piperitone appears to occur in the dextrO' 
gyrate modification in the natural sources known in the Northern 
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lieinispliere,* whilst in the Southern hemisphere it is the laevog 3 n’ate 
modification which is produced (compare this vol., p. 584). 

A consideration of the constitution of piperitone in relation to 
its general chemical behaviour is reserved for a later communication, 
la the present paper, we are able for the first time to record certain 
physical constants for pure d2-piperitone. The value 46-70, deter- 
mined for the molecular refractivity, is the highest yet recorded 
for this substance; the calculated value for a ketone, 
with one ethylenic linking is 45-82, the exaltation being therefore 
0-88. The physical evidence thus corresponds with conjugation 
of the two unsaturated groupings, but it is noteworthy that the 
calculated value of the molecular refractivity for the enolic form 
of the substance is 46-76. The density of pure dZ-piperitonc is 
appreciably lowor than the values hitherto recorded, the dis- 
crepancy amounting to as much as 0-4 per cent, in the case of 
WaliaclTs synthetic product. The boiling point of the pure sub- 
stance, when distilled under atmospheric pressure, is also'somew-hat 
lower than the temperatures observed in the investigations to 
which reference has been made (compare Roberts, he. cit.). 

It may be pointed out that no formal proof has yet been adduced 
of the constitutional identity of the optically active and inactive 
ketones. Most of the derivatives yet described have been optically 
inactive, and the possibility of racemisation being accompanied bv 
isomerisation is forming the subject of inquiry. The physical and 
chemical properties of the optically active ketone are also under 
investigation. 

Although pure benzylidene-d^-pi peri tone is readily prepared from 
the crude ketone, isolated from the essential oil of E. dives by 
fractional distillation under atmospheric pressure, yet it proved 
impracticable to obtain a pure seraicarbazonc directly from material 
of this kind. Tn our original communication {loc. cit., p. 781) we 
ascribed the slight but persistent Imvorotation shown by specimens 
of the racemised ketone, isolated from E. dke^, to contamination 
with small quantities of a Imvorotatory impurity. This foreign 
substance, the identity of which we hope to investigate, appears 
to form a semicarbazone which is difficult to separate from the 
semicarbazones of d/-piperitone : in an experiment described below, 
for example, the crude ketone had [ajjj — 0-50°, W’hilst the 
regenerated specimens from the purified a- and i8-.semicarbazones 
had the respective values [ajj- - - 0-13' and [t.]^ — 1-37'. In 
order to obtain pure dTpiperitonc, it is therefore necessary to 

* The sense of the optical rotation of tlie A^-menthen-3-one reported by 
Schirnmel and Co. to oeevir in camplior oil is not evident (compare Gilde* 
Pieisterand Hoffman, " Die atherischen Ole,” Leipzig, 1913, II, 482). 
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submit the crude ketone to a preliminary purification by the 
sulphite method before converting it to semicarbazone. 

Further investigations on the preparation of d!-pipei#one. 
semicarbazones disclosed several points of interest. The reaction 
between the ketone and semicarbazide hydrochloride takes place 
fairly readily at the ordinary temperature in aqueous alcoholic 
solution, and the separation from the acid liquid consists of almast 
pure a-semicarbazone ; the p-compound appears to be more strongly 
basic than the a-compound, since it is not precipitated when the 
filtrate is diluted with water. On the other hand, by heating an 
aqueous alcoholic solution of df-piperitone, semicarbazide hydro- 
chloride and sodium acetate for several hours, the yield of the 
cc-compound is nearly doubled, the formation of the isomeric 
substance being almost completely suppressed. 

The readiness with which d?-piperitone yields a hydroxylamino- 
oxime rendered it of interest to attempt the preparation of a semi- 
carbazido-'semicarbazone, particularly in view of the conclusions 
of Rupe and later investigators concerning the constitutional 
peculiarities which appear to favour the formation of such deriv- 
Lves (compare von Auwers, Ber., 1921, 54, [B], 987 ; Heilbron and 
Buck T. 1921, 119, 1515). Although no evidence was forth- 
coming of the occurrence of such a derivative in this instance, yet 
in aqueous alkaline mixtures, favouring enolisation of the ketone, 
very slow reaction ensued, leading to the production of a stable 
and well-defined additive compound of df-pipentone and scmi- 
carbazide From the behaviour of this substance it appears that 
the addition is associated with the ketonic group, and not with 
the ethylenic linking. The new substance, besides being the most 
distinctive semicarbazide derivative of df-piperitone, is of excep- 
tional interest as establishing a definite intermediate additive stage 
in the formation of these semicarbazones ; 

TO — ► CoHtfi:C(OH)*NH-NH-CO*NH2 

i c,H,e:C:N-NH.CO-NH2-fH,p. 

An investigation of the behaviour, under similar conditions, of 
other ketones and related substances is in progress, and we reserve 
this field of work. 


Experimental. 

M ethods of Preparing the a- Serai carhazones of d\-Piperiton.f>. 

1. df-Piperitone (35 grams; 1 mol.) was added to an excess o 
semicarbazide hydrochloride (30 grams; 1-2 mols.) dissolve 
water (120 c.c.), and the homogeneous liciuid which resulte p 
adding methylated spirit was kept at the ordinary " 

about two days. The ensuing crystalline deposit, which had form 
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to a considerable extent after the lapse of a few hours, when col- 
lected, washed with warm alcohol, and dried (16 grams), melted 
^26 — 227®. By diluting the filtrate with water and treating 
the precipitate in a similar manner, a further small quantity (1-4 
gi'ams) of the same substance was obtained. The total yield (17*4 
(yranis) of the a-semicarbazone was 36 per cent, of the calculated 


amount. 

The addition of a slight excess of ammonia to the aqueous alco- 
holic filtrate produced a copious precipitate (13-8 grams) of the 
p.semicarbazone, and evaporation of the filtered liquid gave a 
little more (2'5 grams) of the same substance. The total yield of 
the crude p-semicarbazone {16-3 grams) \vas 34 per cent, of the 
calculated amount, and after one recrystallisation from alcohol it 
melted at 174 — 176°. It possessed a distinct yellow tinge, w^hich 
was not lessened by repeated crystallisation from alcohol (Found : 
N — 20-3. CiiHjgONa requires N -- 20-1 per cent.). 

In a similar experiment, the original solution was raised to the 
boiling point for a short time, after adding the methylated spirit, 
but the only apparent result was an acceleration of the reaction. 

2. Crystallised sodium aceUte (41 -o grams) wa.s dissolved in 
water (50 c.c.) containing an equivalent amount of scraicarbazide 
hydrochloride (30 grams) in solution; rf/-piperitone (35 grams) 
was added, and the mixture diluted with warm methylated spirit 
until the attainment of a clear solution. After two days, the 
crystalline deposit (18-6 grams) w'a.s collected and washed with 
warm alcohol ; it melted at 210° and consisted of a mixture of the 
a- and p-semicarbazones, from which almost pure oc-somicarbazone, 
melting at 225 — 226°, was obtained after two recrystallisations from 
acetic acid. 

The aqueous alcoholic filtrate from the crude product gave a 
precipitate when diluted with water; thi.s consisted of a mixture 
of the a- and p-semicarbazones, in which the latter compound 
predominated. The pure [^-compound, melting at 174 — 176°, was 
obtained after patient recrj'Stallisations from alcohol. 

Very similar results w'ere achieved by using acetic acid in place 
of alcohol in the original reaction mixture. 

3. dhPiperitone (65 grams; 1 mol.) was added to a solution in 
water (66 c.c.) of scmicarbazidc iiydrochloridc (54 grams ; IT mols.) 
and sodium acetate (75 grams). Sufficient hot methylated spirit 
was added to clear the solution, wffiich was then boiled gently 
under reflux on the water- bath. Separation of semicarbazone 
began after about two hours, and at tlie cud of six ]ioui*s the product 
was transferred to a hot lilter, the solid being w'ashed successi^■cly 
^ith hot methylated spirit, hot water, and hot alcohol. The dry 
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substance (40 grams) melted at 226 — 227® and consisted of pure 
a-semioarbazone (Found ; N = 20*2 per cent.). The filtrate and 
washings, on evaporation, yielded further amounts of crystatiine 
material, which after purification with hot alcohol proved to be 
mainly ot-semicarbazone (15 grams), melting at 226 — 227®. From 
the motherdiquors was isolated a small quantity (2-4 grams) of the 
S-semicarbazone melting at 174 — 176°. The total amount of 
semicarbazone isolated (55 grams) was 62 per cent, of the theoretical. 
The yield was not increased by neutralising the filtrate with 
ammonia. 

Properties of the a- and ^-Semicarhazones of d\-riperitone . — dl- 
Piperitone-oi-semicarbazone crystallises in minute, glistening leaflets, 
which, in bulk, possess a soapy feel. The substance is quite devoid, 
of colour, and melts to a clear, colourless liquid at 226 — 227“. 
When heated somewhat above its melting point, it loses ammonia, 
but does not yield piperitone, the residue consisting of a dark, 
resinous mass. It is characterised by sparing solubility in most of 
the ordinary solvents, hut it may be crystallised from hot acetic 
acid or nitrobenzene, a certain amount of decomposition occuiTing 
in the latter solvent at temperatures near the boiling point. 

The a-semicarbazone is practically insoluble in cold dilute hydro* 
chloric acid, but it dissolves in the cold concentrated acid, yielding 
a colourless solution, from which it is reprecipitated on the addition 
of ammonia or sodium hydroxide solution. It undergoes com- 
paratively slow hydrolysis in hot, strongly acid solutions. Solutions 
in hot acetic acid show no marked reaction with bromine, The 
substance forms a clear, colourless solution when suspended in 
chloroform and submitted to the action of dry hydrogen chloride. 

d\-Piperitone-^-semicarhazone, when prepared as stated above, 
forms minute needles, melting at 174 — 176® to a clear, faintly yellow 
liquid, which, on cooling, solidifies to a transparent resin. When 
heated above the melting point, it decomposes slightly, with evolu- 
tion of ammonia and formation of a pale yellow resin. It is readily 
soluble in alcohol, chloroform, and other organic solvents, and it 
dissolves very sparingly in hot water. The crystals exhibit a faint, 
but distinct yellow tinge, whilst solutions in dilute hydrochloric 
acid are deep yellow ; neutralisation vith alkali reprecipitates the 
original faintly tinged solid. Solutions in chloroform also become 
deep yellow on treatment with dry hydrogen chloride. The p- 
semicarbazone is readily hydrolysed by hot dilute hydrochloric 
acid, yielding piperitone. Bromine does not appear to affect it 
in hot acetic acid solution. 

When prepared from semicarbazido-d/-piperitone, in the manner 
described below, the p-semicarbazone was quite colourless, and it 
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melted at 174 — 176° to a colourless liquid which formed a trans* 
parent resin on cooling. Neither preparation appeared to be 
affected when maintained at 160° for fifteen minutes^ and a mixture 
of the two melted unchanged at 174—176° : the yellow colour thus 
seems to be due to the presence of traces of an impurity. The 
yellow specimen was hydrolysed with distinctly greater rapidity 
than the other, when boiled with dilute hydrochloric acid. 

Smicarhazid^-dX-fiferiione, CgHig:C(OH)‘NH-NH-CO*NH2.— A 
mixture of a solution of semicarbazide hydrochloride (5 grams) in 
water (25 c.c.) with d^piperitone (6-2 grams) was rendered slightly 
alkaline by the addition of 10 per cent, sodium hydroxide solution 
and shaken in a stoppered flask at intervals. After keeping over- 
night, a further quantity of semicarbazide hydrochloride {6 grams) 
in water (25 c.c.) was added, and the mixture again made alkaline. 
No sign of reaction was evident for several days, but after keeping 
for a week, with frequent shaking, a considerable amount of solid 
material had separated in small, opaque granules, and after the 
lapse of about three weeks the reaction appeared to be complete. 

The product was collected and freed from inorganic impurities and 
unchanged piperitone by washing with water and ether. The 
substance was first recrystallised from hot alcohol, in which it 
was moderately soluble, and finally from hot w^ater, in which it 
dissolved rather sparingly. It was moderately soluble in chloro- 
form and almost insoluble in ether or benzene. The jield of 
purified product amounted to about 75 per cent, of the weight of 
the ketone taken, best results being achieved by the use of small 
quantities of the reactants (hound : C = 58*2 ; H 9-0 ; N ^ 
19‘3. requires C = 58’1 ; H — 9-3; N — 18-5 per 

cent.). 

StTfiicftTbdzido-dX-pi'p&rilo^iE crystallises in colourless, glistening 
leaflets, which attain a much larger size than the crystals of the 

semicarbazones of d?-pipcritone. Tlie substance melts at 186 187° ; 

slightly above this temperature it decc>ni poses witli vigorous evolu- 
tion of ammonia, and at higher temperatures piperitone is regener- 
ated. It dissolves readily in cold dilute hydrochloric acid, and on 
the addition of ammonia separates slowly from the solution in 
glistening leaflets. The solution in concentrated hydrochloric acid, 
when slightly warmed, becomes cloudy, owing to the liberation of 
piperitone. The ketone is also slowly evolved from the boiling 
aqueous solution of the derivative. 

A suspension of semicarbazido-(ff-piperitone in chloroform, unlike 
similiir suspensions or solutions of (ho a- and |3.soraicarbazones, 
readily yielded a colourless precipitate when saturated with dry 
ydrogen chloride. This substance, which was apparently smi- 
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carhazido-dlpiperitoue hydrochloride, melted and decomposed at 
165—167° ; it was stable in air, and dissolved readily m water and 
rather sparingly in dilute hydrochloric acid (Found ; HCl = 144. 
C„H„0,N„HC'l requires HCl = 13-8 per cent.). The original base 

p igg 187°) was precipitated from the aqueous solution when 

neutralised with ammonia. The same derivative was produced, 
in a ivell-detined crystalline form, by moistening semicarbazido-f/;. 
pirmritone with concentrated hydrochloric acid; on keeping such 
a mixture, the crystals soon disappeared, and the resulting solutinn, 
when diluted with walcr after the lapse of an hour, yielded 

^'whlr^a solution of seiiiicarbazido-di-piperitone in the least 
possible quantity of dilute hydrochloric acid was kept for forty- 
eight hours and then neutralised with ammonia, it yielded a 
colourless precipitate, consisting of a mixture of the a- and P- 
semicarbazones of f«-piperitone. The ^-derivative, prepared m 
this manner, was devoid of colour, as noted above (Found : N = 
20' 1 per cent ) A similar result was attained by mixing aqueous 

solutions of semicarbazido-di-piperitone and semicarbazidc hydro- 
chloride and keeping for the same period, with or without the 
addition of sodium acetate; no indication w-as obtained of the 
formation of a semicarbazido-semicarbazone. 

An aqueous solution of semicarbazido-d(-piperitone, when heated 
on the w'ater-bath for two hours with a slight excess of hydroxyl- 
amine hydrochloride and sodium acetate, failed to yield an onme, 
most of the substance being recovered unchanged. 

Solutions of the derivative in w arm acetic acid readily underwent 
oxidation with bromine, yielding carbon dioxide, ammonium 
bromide, thymol, and other products. 

The denvative obtained from i-piperitone under the prescribed 
conditions was identical with the semicarbazido-d(-piperitone just 
described; its saturated alcoholic solution e.xhibited no measurable 
optical activity in a 2-dcm. tube when examined in sodium light at 
the ordinary temperature. 

The Prcparalion. of Pure d[-Piperi(o^^e.-in the initial attempt to 
prepare pure dhpiperitone, quantities of the a- and p-semicarbazones 
were prepared by method (1), a.s described above, from a specimen 
of the ketone isolated from the crude oil of E. 
distillation under atmospheric pressure and having [oeji, >> . 
The ketone wa.s regenerated from each of the semicarbazones 
means of steam distillation in the presence of 20 per cen . oxa 
acid solution; the two specimens were then separated from 
aqueous distiUates, dried over calcium chloride, and 
not redistilled. Since both specimens were still distmctly op ■ , 
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active, they could not be regarded as pure cW-piperitone, but certain 
physical constants were nevertheless determined. The specimen 
regenerated from the a-semicarbazone had [a]^^ — 0*13^ df (vac.) 
0 . 9335 , and 1-4848; whilst that from the fi-seiTHcarbazone had 
[ac]5' - 1'37°, and nfl 1-4848. Both specimens boiled at 115—1167 
:>0 mm. 

Pure c?/-piperitone was eventually prepared liy extracting the 
crude oil of E. dives with sodium bisulphite and converting the 
ketone from the recrystallised bisulphite compound into the a- 
seraicarbazone, according to method (3) described above. After 
the preliminary purification over the bisulphite compound, th(' 
ketone * boiled at 152 775 mm. and had [ocjf; - 3-67^ ’ The 
derived a-semicarbazone (40 grams, m. p. 226- 227") was boiled 
under reflux with a 20 per cent, aqueous solution of oxalic acid for 
thirty minutes, after which the mixture was steam distilled. The 
separated piperitone, when dried over calcium chloride and liltered 
(27-9 grams), amounted to about 96 per cent, of the calculated 
yield. It exhibited no measurable optical activity in a 2-dcm. 
tube, when examined in sodium hght at 20° ; the density prior to 
redistillation, df (vac.) 0-9336, was almost identical with that of 
the foregoing preparation. 

Physical Properties of Pure 6\.Piperitone.~ When distilled under 
diminished pressure, from an oil- bath maintained at 145_150'' 
the purified ketone passed over completely at II 37 I 8 mm., the 
first few drops of the distillate, which contained traces of water, 
being collected separately. 


Determinations of density (reduced to vacuum) were made as 
follows : df 0-9331, df 0-9294, df 0-9257. 

The further value, rfS 0-9296, stands in satisfactory agreement 
«ith the corresponding value, 0-9307, found by Simonsen {loc. 
(It., p. 650) for a specimen of the ketone from Jwaraiicusa which 
had been purified by solution in sodium sulphite solution. 

The refractive index wa-s determined, at the same tliree tempera- 
tures, ill the Abbe instrument : nf, 1-4845, uf; 1-4825, 1-4S05. 

The value of calculated from the data detorniined at '’0'-' is 
thus 46-70. 

When a specimen of pure (ff-pipei-itoiie was distilled under atmo- 

W P" passed over at 

' ('^0"-)’ by the time 50 per cent, had distilled the 

temperature had reached 2355 The distillate was colourless but 


raute „t n,”''' L“]'d - I-H'. bo.led at 164*/UI6 ram. Tlie 

due rouree tat f h" 'b'' ketone will be published in 

PurifiedMl^ral ““t the optical activity ot speeunens 

manner is to bo uttnbntod to mcompielo racouuaatiou. 



1872 


KERMAOK, PBRKIK, ANB ROBINSON : 


the odour indicated slight decomposition. The residue had a 
distinct yellow colour. 

Pure rf?-piperitone is quite colourless, and it does not exhibit 
the marked tendency of the somewhat impure specimens to become 
yellow when kept. 

The 6 i 5 Kiiroso-derivative of d^pipe^itone, obtained in small 
yield by appl 3 dng the method of Baeyer and Henrich (Ber., I 895 
28, 654) and keeping the mixture at a low temperature for a day 
or two, corresponded closely with the description given by Roberts 
{loc, cit.) for the derivative obtained in the same way from the 
ketonic constituent of the oil of C. sennaarensis. It formed colour- 
less crystals which melted at 97 — 98"^ and decomposed when kept 
for several months, 

dl-Piperitonc failed to yield an additive product with hydrogen 
sulphide, when treated in the manner described by Wallach for 
carvone {Annalen, 1899, 305, 224). 

We have pleasure in acknowledging our indebtedness to tb 
McCaughey Research Fund of the University of Sydney for a grant 
in aid of these researches, which are being continued. 

Defabtment op Organic Chemistry, 

Unr^ersity of Sydney. [i?e€m'cd, August iith, 1922,] 


CCXXVL — Hannine and Harmaline. Part YL Tk 
Synthesis of ^-Methyltetrahydronorharniine and the 
Constitution of Harmaline and of the Alkylaid 
Harmines. 

By WiLLUM OoiLVY Kermack, William Henry Perkin, and 
Robert Robinson. 

It has been clearly showm in the earlier sections of this investiga- 
tion * that the analytic evidence which may be brought to bear on 
the problem of the constitution of hannine indicates that this 
alkaloid should be represented by the expression I, and the 
correctness of this view has been confirmed by the syntheses of 
norharman (II) and of harm an (III), which may be derived from 
the base by simple processes of degradation, 

/\ /\ /\ /\ 

NH Me NH 

• Part I, X., 1912, 101, 1775; Part II, T., 1913, 103, 1973; Part lit 
T., 1919, U6, 933; Part IV, T., 1919, 115, 967; Part V, T., 1921, 119, 160i 
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(HI) 


/V 


/\/\/" 

NH Me 



In the present communication, we are able to describe the 
synthesis of derivatives containing the methoxy-group, the 
establishment of the position of which by such means removes 
any possible remaining doubt of the accuracy of the formula which 
has been put forward as a summary of the reactions of harmine. 
In order to enable a comparison to be made with the hamine and 
harman formulae, it may be stated at once that the substance which 
we have synthesised is methyl tetrahydronorharmine (IV), 

which may be prepared from either harmine or harmaline by methods 
detailed in the sequel. 

The trinuclear system has been built up by taking advantage of 
the process developed in connexion with the synthesis of norharman 
(Part V). hissentially this consists in the ring closure of an acetalyl- 
amide of an indole-2-carboxylic acid under the influence of alcoholic 
hydrochloric acid. The complication which arises from the fact 
that the elimination of the elements of two molecules of alcohol can 
occur in two directions is illustrated in the following examples 
already described in Part V (pp. 1607, 1611). 


\/\/\ 
NH CO 
{EtO)jCH 

\/ 

CH, 


(EtOjjCH 

A— I 

XH 


NAIe CO 



Kclodi}iijdroind/)lcdiQ z me. 



XMe CO 


A cloin cthijUl Ihydrocarbolme. 


were thus able to prepare l-methyloarboliiie derivatives, and V, 
on distillation over zinc dust, was converted into norharman. 
Xhe yield was, however, poor and tiie puriliciUion difficult, and we 
were very reluctant to contemplate the necessity for the employ- 
ment of such a method in the synthesis of harmine or norharmine. 
oiwver, there are grave disadvantages attaching to the application 
e anc dust distillation process to methoxy-oompounds, and a 

. q’ 
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good instance of the anomalous results which may be 

is furnished by the work of Irvine and Moodie (I 1907, 91, 636) on 
the nature of the substances obtained by distil mg 
benzoin over zinc in a stream of hydrogen. In this reduction the 
main product was p-dimcthyltolane. In any case it appeared to 
us that considerable difficulty must be experienced in removing 
the alkyl group attached to the pyuTole-nitrogen atom and ivc 
therefor; attempted the preparation of carboline denvatives from 

indole-'2-oarboxvaectalylamides which contain an unsubstitut..,l 

imino-group in’ the indole nucleus. The fact tha the rea tions 
leading to {he indolediazine and carboline types bo h occurred w, 11, 
facility «as encouraging, and our expectation that the balance 
between the ring closure in the two directions might be a somevi hat 
delicate one was strikingly coulirmed by the first modification 

attempted. Whereas indole- 2 -carboxyacetalylamide gives as 
depicts above, an indolediazine, indole- 2 .carboxyd,methylaoe alyl, 
methylamide (VI) yields a ketomethyldihydrocarboline (VII) on 
treatment with alcoliolic hydrochloric acid. 


(MeO)aCH 


(VI.; 


CH, 

,5Me 



iNMe (VII.) 


NH CO 


NH CO 


It is very remarkable that such a small constitutional change 
should so completely alter the course of the reaction and it is 
difficult to suirgest a satisfactory explanation. On distihation over 
Ic dust in; stream of hydrogen, the new ketomethyldihy^^ 
carboline yields indole and a smalt amount of ,vTIl 

conversion of 6-mctlioxyindole-2-carboxyacetalylamide (V ) 

„To the indolediazhie derivative (IX) has already been desen ed 
(Part V r 1«13), and it was of great interest to determine w ether 
!! tiis ’sertes als:, a carboline would result if the amide nitrogen 
i.i alkylated. 


.AleO 


(VIII.) 


NH i U 

(QEg^CH NH 


MeO' 


'CO 

NH 


(ix.) 


We accordin<dy prepared 6-methoxyindolo-2-carboxydimetli>l- 

acetalylmethykimide (X) and studied its behaviour 
hydrochloric acid. In this case, two substances, 
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were isolated and comparison with undoubted indolediazincs and 
carbolines showed beyond question that, of these, the substance 
melting at 246® is methoxyketomethyldihydrocarboline (XI) and 
the isomeride melting at 205® is methoxyketomethyldihydro- 
indolediaziiie (XII). 


MeOi 


/ 


jNi\Ie 


XH CO (Xl.) 


MeO' ;\/vCo.]VMe-CH,-CH(Oi\lc]„ / ^ , 

NH ^ MeO I I 


{X.) 


N CO 
I NMe 


(XII.) 


The influence of the methyl attached to the amidic nitrogen is thus 
again observed, but a comparison with the former example indicates 
that the methoxyl group has tended to favour the formation of the 
indolediazine derivative. This is probably equivalent to the state- 
ment that the methoxyl group has activated the hydrogen in 
position 1 in the indole nucleus to a greater extent than that in 
position 3. The following scheme illustrates the effect of the 
negative oxygen atom on the hydrogen atoms in question, and the 
results observed are seen to be in agreement with the theory of 
alternate polarity of atoms in a chain. 


CH- 


MeO 


'X- 


NII+ 


Plainly, methoxyl in position S should have a .similar effect and 
facilitate indolediazine formation, whilst it might be predicted 
that carboline derivatives should be the main products wlicii tlie 
methoxyl is in position 5 or 7, 

ll-Methoxy.3-keto-4-methyl-3 : 4-dihydro-4-carboIine (XI) yields 
on reduction with sodium in boiling ;?.butyl alcoholic solution a 
base, Cj 3 HjgOX 2 , which, since it may be obtained by applying the 
same reduction process to norharmine mcthosulphate (Xll I), must 
he regarded as X-methyltetrahydronorhannine (Xl\'). The 
identity of the substance prepared by tliesc two methods is a 
iiatisfactory proof of the position of the methoxyl group in the 
molecules of the bases of Peganum hftrmaJa. 
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NH 


iNMejsOiMe 


CHj 

/'Y"- [^9^2 

MeOl /NMe 

NH CHj 

(XIV.) 


The Gonslilulion of Harmalim. 

In Part 111 of this research there was described a neutral substance 
P H ON m p ‘>28°, which results from the oxidation of 
hirmaline methosulphate by means of potassium permanganate in 
“e solution, and it was pointed out that, if harmaline has the 
constitution XV, this substance will be represented by to 
XVI whilst if the alteniative formula XVII be taken for harmahne, 
to substance, m. p, 228“, must be represented by formula 

XVIIL 


CHa 

/\ 

(XV.) Meo' jy /\/A 


CHj 


NH C 
Me 


Y“2 (XVI, 
'NMe 


NH CO 
CO 

/'^NMe 


CH 

/\ /'^CH /^NMe (XV,,]) 

Meol Jy /I /NH MeOl^^//l— CHMe 

NH CHMe NH 

Since however, the substance, m. p. 228“, yie^, on reYotion 
Sh sotom and u-butyl alcohol, N.methyltctraliydronorharmme 
identical with the base obtained as described above, there is no 
“ any ambiguity, and the oxidation product of harmalme 
metosulpLte must have the constitution 
rooseauently harmaliiie is represented T P , 

sS^allJ prepared V-methyltetrahydronorharmine to b » 

Ssed b/potalium permanganate in acetone solution wdi 

* The bracket employed hi thcsfoniiula .to ia 

the salt -like constitution of f ammonium to other onium com- 

withVVenicr’s Yn"aU hands that the ionisable bonds (electro- 

plexes. It is now recognised on all nan degree, from 

rriencios) in salts differ so much, not “P:.-(’;”Y:rcIpotos’ as 1. 

the valencies 'itTnav be 'recalled that the cxperimratol 

demand a distinctive notation. It m. - Meisenheimer {Atinakn, 

proof of Werner’s theory has been (s o 

Li 3, 397, 273). The plan ol J '^e af Im^ssmen't to be fo^ 
sound, but also convenient, as it ^\uuia j. ■ ^ nttached in 

necido to which of the nitrogen ‘“^‘-VY^rXXI to XXUl). 
substances as methylpropylharmine chloride (forinul,e XXU 
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ormation of the substance melting at 228®, and this observation 
is of value inasmuch as it renders possible the proof of identity of 
a synthetic compound with one prepared from harmalinc. 


TJi& Constitution of Alkylated Harmine Derivatives. 

It has already been suggested (Part III, p. 942) that the salt- 
forming nitrogen atom in the harmine derivatives is that which is 
situated in the pyridine nucleus, and the formula XIX was a-ssigned 
to methylharmine. On a similar assumption, norharman metho- 
sulphate would be represented by the expression XX. 


/\ /\ 

(XIX.} 

^ N Me 


/\ /\ 

iNMe j SO, Me 

NH 


(XX.) 


So far as the position of the methyl group is concerned, this 
hypothesis now receives definite experimental proof, since wc have 
found that norharman methosulphate, on oxidation with potas.sium 
ferricyanide in alkaline solution, yield.s the ketomethyldihydro- 
Crirboline (VII), the synthesis of which is mentioned above. The 
further alkylation of methylharmine should, on the basis of our view.s, 
occur at the indole-nitrogen atom and dimethylharminc chloride 
should be constituted as shown in formula XXL In order to 
obtain evidence in support of this theory, we have prepared isomeric 
methylpropylharmine chloridc.s by introducing the alkyl groups 
in a different order. The action of methyl iodide on propyl harmine 
followed by conversion to tlie chloride by means of silver chloride 
yields the salt XXIT, which closely resembles, but is not identical 
with, the isomeride {XX TIT) prepared from nietliylharmine and 
propyd iodide followed by treat mc^nt of the product with silver 
chloride. 




MeOi 


V /\ 



Meol 


NMe Me 
(XXL) 



NMe Me 
(XXII.) 


MeO 


JnMo'cI (XXIIT.) 


NPr Me 


Before we were acquainted with the remarkable effect of the 
substitution of methyl for hydrogiui in thi’ — CO— NH— group of 
mdole.2-carboxyacotaIyIamidos on the direction of closing the 
rwg, it seemed that diraethylharmiue chloride was a very suitable 
0 ject of a synthetical investigation,^ and a plan of attack was 
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formulated in Part V (p. 1613). The necessary starting point, 
namely, 6-Tnethoxy-l-methylmdole-2-carboxylic aeid (XXVI), has 
been prepared, but, in view of the interesting developments set 
out above which have enabled our goal to be reached in another 
way, the further stages of the S 3 mthcsis have not yet been attempted. 
m-Anisidine was methylated by means of methyl iodide, and the 
crude methyl-m-anisidine directly converted into a nitroso-derivative 
which was reduced to m-inethoxyphenylmethyihydrazine {XXI V) by 
means of zinc dust in glacial acetic acid solution below 10®. This was 
readily converted into pyi’uvic acid ?«-methoxyphenylmethyl. 
hydrazone (XXV), but no little difficulty was experienced in inducing 
the indole transformation until it was found that the reaction pro- 
ceeded smoothly yvhen the hydrazine was dissolved in saturated 
alcoholic hydrochloric acid. 


MeOl jNMe-NH., Meol 

NMe 

(XXIV.) (XXV.) (XXVI.) 

That the indole ring is closed in the j)-position to the methoxyl 
group is rendered very probable by a consideration of the behaviour 
of hydrazones derived from ?w-methoxyphenylhydrazine, which we 
have already proved yield 6-rae1fioxyindole derivatives (Part V, 
p. 1614). 

We have already shown (Part V> p. 1617) that barman (III) may 
be obtained from tryptophan by condensation with acetaldehyde 
followed by oxidation of the product, and it is obvious that if 
methoxytryptophan (XXVII) could be obtained it should be con- 
verted into harmine in a similar manner. Some progress has been 
made in this direction and the indications that this synthesis is 
possible are unmistakable (see p. 1884), but the experimental work 
involved is very tedious and consumes so much time, labour, and 
expensive material that the investigation has not yet been brought 
to a conclusion. The starting point was 6 -methoxy indole (XXVIII), 
which was prepared from 6-methoxyindole-2-carboxylic acid 
(XXIX) by a modification of the method already described (Part V, 
CH. 


I MeoM^JeOjH 

NH ^ NH 


NH 

(XXVII.) 


(XXVill.) 


(XXX.) MeO’ 


I (XXX] 


NH 


N 
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MeO'\ 


,ch:c<J‘^ 


■0 

CPli 


\/ 

N 

COMe 


MeO: 




(XXXII.) 


NH 




(XXXIII.) 


p. 1632). 6'Methoxyindole was transformed into 6-methoxyindole- 

3 - aldehyde (XXX) and S-chloro-T-methoxyquinoline (XXXI) by 
the action of chloroform and potassium hydroxide in aqueous 
alcoholic solution. This interesting aldehyde was then condensed 
with hippuric acid in presence of dry sodium acetate and acetic 
anhydride, and the lactone (XXXII) thus produced at once 
hydrolysed by means of aqueous sodiunT hydroxide with formation 
of a-benzoylarnino-|^- [6- ^f'thoxyindy^.^)]- acrylic acid (XXXUI). 
On reduction, hydrolysis, condensation with acetaldehyde, and 
oxidation, a minute amount of a base which is probably harmine 
was isolated, but the quantity obtained was insufficient to establish 
this important result with certainty (p. 1S84). An account of the 
behaviour of some of the substances now described on treatment 
with magnesium methyl iodide is reserved for a future communica- 
tion. It may be mentioned here, however, that 3-chloro-l-methyl- 

4- carboline (XXXIV), ^vhich may be prepared under closely defined 
conditions from 3-keto- 1 -methyl-3 ; 4-dihydro-4-carbo]ine (V) by 
the action of phosphorus pcntachloride and phosphoryl cfiloride, 
does not appear to react with the Grignard reagent . 



NMe Cl 


Experimental, 
iS-Me.thoxij\mlole (Formula XXVIII). 

It was mentioned in Part V of this research (p. 1632) that some 
6-mcthoxy indole had been obtained, by the action of heat on 6- 
iiiethoxyindole-2-carboxyIic acid, but the yield wa.s small and we 
have since found that the following modification, which consists in 
decomposing the ammonium salt in the place of the free acid, gives 
much better results. The dry ammonium salt of the acid {loc. at., 
p. 1632), in quantities of 5 grams, contained in a boiling-tube fitted 
a spiral glass condenser to the end of which a test-tube is 
attached, is gradually heated with a small flame. The salt melts 
and effervesces and when decomposition is complete any sublimate 
of inethoxyindoic and ammonium carbonate is washed into the 
boiling tube with a little hot water, alcohol is added, and the Avhole 
heated to boiling, whop all dissolves except a small quantity of a 
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black tar. The liquid is decanted and, on cooling, deposits crude 
6*inethoxyindole (88 per cent, of theory), which is collected, dried 
in a vacuum desiccator, and crystalKsed from light petroleum, from 
which it separates in plates melting at 91 — 92°, The yield of pure 
substance is about 55 per cent, of that theoretically possible. 

The picraie. separated in red needles wlicn solutions of the indole 
and picric acid in benzene were mixed and was purified for analysis 
by recrystallisation from benzene containing a little light petroleum, 
from which the derivative separated in brilliant red needles melting 
at 137° [Found : N ~ 15'0. CgH(,ON,0pH2(OH)(NO2)3 requires, 
N = 14-9 per cent,]. 

6-Methoxy-l-7ne(hylindole-2'Carboxylic Acid (Formula XXVI). 

The interest attaching to this acid is discussed in the introduction 
to the present communication (p. 1877 ; compare also Part V, 
p. 1613) and the method of synthesis is also sketched. The experk 
mental details of the various stages in the synthesis are as follows : 

I. Preparation of Melhylm-ayiisidine, MeO-CgH^-NHMe.— In 
preparing this substance, w-anisidine (30 ‘8 grams), contained in a 
flask connected with a reflux condenser, was mixed in the cold with 
methyl iodide (39 grams), when the temperature gradually rose and 
in a short time a vigorous reaction set in. When this had subsided, 
the semi -sol id mass was heated on tlio steam -hath for several houi’s, 
mixed with winter and dilute sodium hydroxide, and extracted with 
ether. The ethereal solution, dried over potassium carbonate, 
w^as evaporated and the rc,<idue fractionated under reduced pressure, 
when 32'3 grams distillod at 133 — 13r)°/12 min, as a colourless 
liquid which doubtless consisted of mcthyl-m-anisidine mixed with 
unchanged m-anisidine and some of the dimethyl derivative. 

This oil (7 ‘2 grams) was added to a mixture of ice (20 grams) and 
concentrated hydrochloric acid (8 e.c.), and sodium nitrite (4 grams) 
dissolved in water (12 c.c.) run in drop by drop during half an 
hour, the wiiole being well cooled all the time. The product, which 
should just react w-ith starch -'potassium iodide paper, was extracted 
three times with ether, the ethereal solution dried over calcium 
chloride and evaporated in a weighed flask, when 4 grams of crude 
nitrosomethyl-m-anisidine remained as a dark syrup. 

II. m-Meihoxyphpjiylmcihylkydrazi m, MeO'C^H^-XMc-XHo.— 

This substance was prepared by slowly adding the solution of crude 
nitrosomethyl-m-anisidine (4 grams) in glacial acetic acid (8 c.c.) 
to a well-stirred mixture' of zinc dust (10 grams) and water (28 c.c.), 
the temperature being kept bolow' 10°. The product was kept 
over- night, again well stirred, and heated on the steam-bath for a 
few minutes, filtered, the filtrate made alkaline with sodium 
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hydroxide and extracted several times with ether. This extract, 
as well as the washings of the zinc dast with ether, was dried over 
potassium carbonate and the ether distilled off, when crude m- 
methoxyphenylmethylhydraziiie {3 grams) remained as a pale 
brown syrup and was sufficiently pure for the next step. 

III. Pyruvic Acid m-M ethoxy phenylmeikylhydrazone (Formula 

XXV) and {Q'i)-Methoxy-i-metkyli7idole~2-carboxylic Acid (Formula 

XXVI) . — When crude m-methoxypheiiylmethylhydrazine (3 grams) 
was dissolved in acetic acid (30 c.c. of 15 per cent.) and then pyruvic 
acid {4 grams) added, a yellow oil separated, which, on standing 
and rubbing, solidified. After remaining overmight, the crystalline 
mass was collected, dried in a vacuum, and crystallised from light 
petroleum, from which ‘pyruvic acid m’met}ioxypkenylm.ethylhydrazone 
separated in lemon-yellow needles melting at GG“ (Found : C = 59-7 ; 
H — G'o. CHH 14 O 3 N 2 requires G — 59'5; H — 6’3 per cent.). 
This hydrazone dissolves in sodium carbonate to a deep orange 
solution and on acidifying with hydrochloric acid, the colour changes 
to jtIIow and then rapidly fades owing no doubt to hydrolysis. 

After a number of experiments on the action of aqueous hydro- 
chloric acid under different conditions on this hydrazone, during 
which varying quantitie.s of (6 ?)-methoxy-l-methylindole- 2 - 
carboxylic acid, mixed generally with a red amorphous siilistance 
completely soluble in glacial acetic acid, w-ere isolated, the following 
satisfactory process for the preparation of this acid was developed. 
The w-methoxypheny I methyl hydra zone of pyruvic acid was added 
to about ten time.s its weight of a saturated alcoholic solution of 
hyffiogen chloride, wiien it quickly dissolved to a pale red solution 
aud in a minute or two, crystals coraraenced to separate and the 
temperature rose considerably. After an hour, the crystals were 
collected, washed with alcohol, then with water, again with alcohol, 
and dried in a vacuum desiccator. The acid is sparingly soluble in 
alcohol and separates in small, stout needles with pointed ends 
(Found : C = 64-5 ; H = 5'5. G^iHjjOgX requires C = 64*4 ; 
H ~ 5'4 per cent. ). (6 ? )AIe(hoxy- 1 -metkyj i ndole-2-carboxylic acid 
decomposes at about 235° with evolution of gas . It gives, in alcoholic 
solution with ^-dimethylaminobcnzaldehyde and hydrochloric acid, 
a purple solution w'hich fades on boiling. A small quantity of the 
acid was cautiously heated until decomposition was complete, and 
die residue dissolved in boiling water ; the filtered solution deposited, 
on cooling, an oil wliich is evidently the corresponding methoxy- 
luethylindole. In aqueous solution this substance gives wdth 
IMlimethylaminobenzaldehyde and hydrochloric acid (Ehrlich’s 
reagent) * a red coloration which becomes intense on tlie addition 
This reagent was made by adding L‘<.»tieentratcd liydrochloric acid (20 c.c.) 
to the solution of p-dimothylaminobenza!dehydo (1 gram) in alcohol (119 c.c.). 

3t* 
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of sodium nitrite and shows a strong absorption band in the yeUovr 
end of the green. With a pine shaving, a purple reaction is obtained. 
The addition of a solution of picric acid in benzene to the solution 
of methoxymethylinclole in the same solvent, causes a well-defined 
'picraie. to separate in red-brown needles which melt at 123°. 

i^^MethoxyirdoU-Z-aUehyde (Formula XXX) and %-Chloro- 
1 -mdhoxyqiiinoline (Formula XXXI). 

These substances were obtained from 6-methoxyindole by treat- 
ment with chloroform and potassium hydroxide substantially under 
the conditions recommended by Ellinger [Ber,y 1906, 39 , 2520) for 
the preparation of indole-3-aldchyde and 3-chloroquinoline from 
indole. In a flask attached to a reflux condenser and fitted with a 
stirrer and dropping funnel, 6-mcthoxy indole (10 grams) is mixed 
with alcohol (100 c.c. of 96 per cent.), water (20 c.c.), and chloroform 
(36 C.C.), and the whole heated on the steam-bath just to boiling. 
Potassium hydroxide (25 grams), dissolved in water (25 c.c.) and 
made up to 250 c.c. with alcohol (96 per cent.), is dropped in con- 
tinuously during two and a half hours, the whole being very vigor- 
ously stirred. The product is boiled for half an hour, the alcohol 
and chloroform are distilled off, and the residue is distilled in steam 
until the distillate gives hardly any coloration on the addition of 
dilute nitric acid and sodium nitrite. The hot liquid in the flask 
is quickly filtered and allowed to cool over-night, when ^-metiwxy- 
indole-^-aldehyde (0’8 gram) separates in brown needles and, after 
recrystaliisation from water with the aid of animal charcoal, the 
aldehyde is obtained in almost colourless needles (Found : C =68'3 ; 
H ^ 5T ; N - 8*0. CjoHgOX requires C ^ 68*5 ; H == o'l ; 
N — 8*0 per cent.). 6-Mcthoxyindole-3 -aldehyde melts at 185^ 
and gives with sulphuric acid a red coloration due probably to the 
formation of a dyestuff similar to that observed by Ellinger to be 
formed under the same conditions from indole-3 -aldehyde. 

Z‘Chloro-l-methoxyqui7ioline. — This interesting substance passe» 
over along with unchanged methoxy indole when the product of the 
action of chloroform and potassium hydroxide on the latter is 
distilled in steam as described above. The distillate, which may 
amount to several litres, is extracted four times with ether, the 
ethereal solution thoroughly shaken with several small quantities 
of dilute hydrochloric acid (20 per cent.), dried, and evaporated, 
when 6-methoxyindole (about 7 grams) remains in an almost pme 
condition. The acid ext ract is made alkaline witii sodium hydroxide, 
and air passed to remove the dissolved ether, when needles of the 
chloromethoxyquinoline soon commence to separate. After some 
hours, the needles (1 gram) are collected, washed, and recrystallisca 
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from a large amount of boiling water (Found ; N = 7'5 ; Cl = 18*1, 
C^^HgONCl requires N = 7’2; Cl = 18'3 per cent.). 

^.Chloro-1-methoxyquinoUne melts at 91®, has a curious odour 
somewhat resembling that of anethole, and is readily soluble in 
dilute acids. The solution in dilute sulphuric acid, but not in 
hydrochloric acid, has a strong blue fluorescence, and the addition 
of hydrochloric acid to the sulphuric acid solution destroys this 
fluorescence. 

The chlorine atom is very firmly fixed, since, after heating with 
concentrated aqueous ammonia in a sealed tube at 100° for five 
hours, the substance is recovered unchanged. 

o^’Benzoyhmi7io-^-[Q-mefhoxyindyl{:^)]-acr}jlic Acid 
(Formula XXXIIl), 

The anhydride of this substance is obtained when 6-methoxy- 
indole-3-aldehyde is condensed with hippuric acid (compare Ellinger 
and Flamand, Ber., 1907, 40, 3031). The aldehyde (1 gram), 
hippuric acid (1’4 grams), and freshly fused sodium acetate (0-55 
gram) are finely ground, mixed with freshly distilled acetic anhydride 
(2‘5 C.C.), and heated in a test-tube in a boiling- water bath for 
fifteen minutes with occasional stirring, care being taken to exclude 
moisture. The mixture becomes liquid and dark red and, after 
cooling, the viscous mass is rubbed with warm water and then 
boiled with water (200 c.c.) and filtered hot; the brittle residue is 
again ground and extracted with boiling water (1(X) c.c.). The 
residual crude az-Iactoiie was not recrystallised, but at once hydro- 
lused by boiling the finely divided substance with sodium hydroxide 
(100 c.c. of 1 per cent.) until the odour of ammonia could not be 
detected, After the addition of dilute hydrochloric acid until the 
reaction was just acid to Congo-paper, and standing over- night, 
the precipitate was collected and rccrystallised from dilute alcohol, 
from which it separated in brown-yellow' needles. Analysis showed 
that this substance is benzoylamino{met boxy indyl)acry lie acid 
(Found: C = 67'3; H = 4‘8. Ci 9 H 2 g 04 N 2 requires C -= 67’8; 
H - 4’8 per cent.). This substance softens at 215°, melts with 
decomposition at 230°, and is insoluble in w’ater, but readily so in 
alcohol ; it dissolves in acetic anhydride, and on boiling a red colour 
develops presumably due to regeneration of the az -lactone. 

This acid ivas reduced in aqueous solution by means of a large 
excess of sodium amalgam, and the strongly alkaline solution then 
boiled for ten minutes. The lif|uid was acidified with dilute 
sulphuric acid, and a little acetaldehyde added wliiic still hot. This 
resulted in the formation of a cloud, and condensation obviously 
occurred. Excess of 5 per cent, potassiiuu dicliromate w'as tlicn 
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added and the solution boiled and rendered strongly alkaline. The 
base, if any, was extracted by means of ethyl acetate, and the 
separated ethyl acetate solution washed with dilute hydrochloric 
acid. This solution exhibited a blue fluorescence, but nothing 
could be isolated from it. A more definite result was obtained bj 
reducing the acid in acetic acid solution by shaking with hydrogen 
after the addition of palladious chloride and gum arabic. After 
boiling and cooling, the solution W'as diluted, filtered, and evaporated 
to di'yness in a vacuum. Alcoholic barium hydroxide was added 
and the solution boiled during an hour, then diluted, rendered just 
acid with sulphuric acid, and two drops of acetaldehyde added. 
After heating on the steam -bath for about thirty seconds, a large 
excess of 5 per cent, potassium dichromate was added and the 
solution boiled. Sodium hydroxide in excess was then added and 
the mixture extracted with much ethyl acetate. The filtered 
extract was shaken with dilute hydrochloric acid, and the strongly 
fluorescent aqueous solution evaporated to a small bulk. On 
rendering alkaline, there was a small precipitate, and this was 
collected and dissolved in methyl alcohol. The solution was con- 
centrated and deposited, on cooling, a minute amount of needle 
crystals resembling harmine in appearance. These melted at 
220 — 230^ and were obviously impure, but mixed wdth harmine, 
the melting point was raised to 225 — 245^^. Pure harmine melts at 
257*^, and it is unfortunate that the amount of base obtained in this 
experiment did not admit of repeated crystallisation. We have no 
doubt that this substance consisted of impure harmine, and the 
fluorescence in acid solution was identical with that exhibited by 
harmine salts, 

Z-ChlorO'l-rnethijl-A-airbolhie (Formula XXXIV). 

This substance is obtained when 3-koto-l -methyl-3 : 4-dihydro- 
4-carboline (m. p. 242""; compare Part V, p. 1638) is treated with 
phosphorus oxychloride and pentachloride. Unless special con- 
ditions are observed, the yield is poor, and experience has shown 
that the essential points to be observed are that the phosphorus 
pentachloride is pure and dry, that the oxychloride is distilled 
immediately before use, and the carboline should be as pure as 
possible. It ia also important that excess of pentachloride should 
be avoided. The carboline (O'o gram) * is mixed in a tube with 
the oxychloride (6 grams) and then the pentachloride (1 gram) 

* A pcciiliar charactorislic of tliia substance may be mentioned. It is 
almost insoluble in water and very sparingly soluble in absolute alcohol, but 
it dissolves much more readily in alcohol containing water. It separates 
from water or alcohol in long needles, but from a mixture of alcohol and 
water in glistening plates. 
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added. The whole is well stirred, the tube sealed, and heated in 
the boiling-water bath for six hours. The contents of the tube are 
poured on to ice and after the oxychloride has been completely 
decomposed, the solid is collected, washed with dilute ammonia, 
dried, and recrystallised from light petroleum (b. p. 80—100°) 
containing some benzene, from which the substance separates in 
colourless needles (Found; 0 = 60-2; H = 4-1. CigH^NgCl 
requires C = 66 - 6 ; H = 4-1 per cent.). 

^-Chloro-l -methyl A‘CarboUne melts at 110°, and is feebly basic, 
since it yields with concentrated hydrochloric acid a rather sparingly 
soluble, yellow hydrochloride, which is dissociated by water. The 
acid solutions do not fluoresce. When the solution in benzene is 
mixed with a solution of picric acid in the same solvent, a yellow, 
crystalline picrate separates which melts at 213°. Attempts were 
made to convert this .substance into methyl barman by the action 
of magnesium methyl iodide in boiling woamyl ether solution, but 
the only product isolated was keto-l-methyldihydro-4.carboIine 
(m. p. 242°). There is Jio doubt that a little raethylharman is 
produced, as the acid washings of the i^oamyl ethereal solution, 
obtained on adding water to the reaction mixture, exhibited violet 
fluorescence. The actual amount of the base must, however, be 
very small. 

Action of Meihyhmine on Brom,odimelhyhceial Formation of 
Methyhminodimeihylaceial, NHl\[e*CH 2 ‘CH(OMe) 2 , and Methyl 
aminobisdimeihyhcetal NMe[CH 2 ’CH( 6 Me).,h. 

The researches of Freund ler and Ledru [Compt. rend,, li)05, 
140,794; Bxill. Soc, chim., 1907, [iv], 1, 71) on the action of alcohols 
on the product of the bromination of paraldehyde have rendered the 
bromoacetals, and indirectly the aminoacetals, readily acccs.sible 
substances. Thus, for example, methylamitiodimethylacetal results 
from the action of methylamine on bromodiojethyfncetal, and as 
this substance does not appear to have l)t'en described and we 
required it in considerable quantity for the present investigation, 
we have worked out the following method for its preparation. 
Bromodimcthylacetal (150 grams) is mixed with methyl alcohol 
(400 c.c.) in which the methylamine obtained by heating 500 grams 
of the pure hydrocliloride with concentrated aqueous potassium 
hydroxide haa been ab.sorbcd, and the whole heated in an autoclave 
at 140° for twelve hours. The methyl alcohol and excess of methyl- 
amme are distilled off under 200 mm. pressure and used in a subse- 
quent preparation, an equal volume of water is added to the syrupy 
icsi He, and the solution, which contains no unchanged bromo- 
d^methylacetal, is mixed with a large excess of anhydrous potassium 
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carbonate and extracted four times with much ether. The etherea] 
solution, thoroughly dried over potassium carbonate, is evaporated 
and the residue (8o grams) quickly distilled under 10 mm. pressure 
all below 100® being collected (the residue [A] ^ described below), 

On fractionating the distillate at the ordinary pressure, methyl. 
M,minodimethylacetal is readily obtained pure as a limpid oil which 
has an odour resembling, but more pungent than, that of amino- 
acetal, and distils at UO®/7CO mm. (Found : N — 11-9. 
requires N = 11-8 per cent,). 

The fraction of higher b. p. (A) was collected from several experi- 
ments and fractionated under reduced pressure, when the main 
portion distilled at 100—105® /lO mm. as a rather viscid, colourless 
oil and evidently consisted of 'melkylamimbisdimethylacetal (Found • 
N = 6*9. CgHgjO^N requires N — 6-7 per cent.). 

Aminodimethylacetai, NH2'CH2*Cri(OMe)2 (b. p. 135®/755 mm.) 
and arainobisdimethylacetal, NH[CH2'CH{OMe)2]2 (b. p. 163°/ 
84 mm.) are readily obtained by heating bromodimethylacetal 
(150 grams) in an autoclave with alcohol (500 c.c.) which has been 
saturated with ammonia at 0® for ten hours. In working up the 
product, care must be taken to saturate thoroughly the residue 
after distilling off the alcohol and ammonia, with potassium carbonate 
and to extract several times with much ether, otherwise much of the 
aminodimethylacetai may be lost. As these aminodimethylacetals 
are somewhat volatile in ether vapour, the ether used for extractions 
should be employed in subsequent preparations. 

^~KetoA-7)}ethyl-li : i-dihydroA-mrbolim (Formula VII).* 

In the preparation of this substance from indole-2-carboxYlic 
acid, the chloride of the acid was first made by the action of 
phosphorus pentachlorine on the suspension of the acid in acetyl 
chloride, and the solution of the acid chloride in chloroform then 
treated with mcthylaminodimcthylacetal, NHMe»CH2»CH(0Me), 
(compare Part V, p. 1626). After the chloroform had been removed 
by evaporation, water was added, when an oil separated w'hich soon 
crystallised. The solid was collected, dried on porous porcelain 
in a vacuum desiccator, and recrystallised twice from a mixture of 
benzene and light petroleum, from which colourless needles of 
i7idote’2<arboxydimethylacetalylmethylamide separated ; these melted 
at 104® (Found; C=:64-3; H = 7-0; N = 10-6. Oi4Hjg03!\2 
requires C = 64-1 ; H — 6-9; N = 10-7 per cent.). In order to 
close the ring, this substance was added to a saturated alcoholif 

* * In Btriet accordance with the nomenclature suggested in Part IV (p. 9T0) 
for carboline derivatives, the substance described in Part V (p. 1638} m 
2-keto-l*methyl-2 : 3-dihydro*4*carboline should have been named 3-ketO' 
l-methyl-3 : 4 -dihydro* 4- carboline, 
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solution of hydrogen chloride at 40°, when a clear solution resulted, 
from which, especially if seeded, crystals of the hydrochloride of 
ketomethyldihydrocarboline soon began to separate, On the 
addition of water, a white precipitate was produced, which was 
collected, washed with water, then with dilute ammonia, and dried;# 
in this condition the substance melts at about 240 — 255° and jnelds 
a green colour with Ehrlich’s reagent (p. 1881) which deepens on 
heating and becomes almost colourless on cooling. After t^vice 
crystallising from alcohol, the long, white needles melt at 263° and 
noionger give this reaction (Found : 0 — 64-3; H 7*0; N =10’6. 

C HjgOgNj requires 0 = 64-1 ; H — 6*9; N — 10-7 per cent.). 

3-i^e/o-4-mc^Ay^3 : i-dihydro-i-carboline combines \vith hydro- 
chloric acid to yield a colourless hydrochloride, the solution of which 
exhibits a faint though perfectly distinct fluorescence. A trace of 
the substance, heated xvith zinc dust in a narrow test-tube, gives a 
sublimate, the solution of which in dilute hydrochloric acid exhibits 
a marked blue fluorescence. These properties indicate that ring 
formation in the case of indole- 2-carboxydimet hylacetalylmethy 1- 
amide has resulted in the formation of the carboline and not of 
O'keto-4 : 5-dihydroindolediazine(l : 4) (compare p. 1874, and also 
Part V, p. 1627). It is of considerable interest (see p. 1877) that 
this substance may be prepared from norharman (Part V, p. 1619) 
in the following manner, Norharman (O-o gram), dissolved in 
boiling benzene (10 c.c.), was converted into its methosulphate by 
the addition of dry methyl sulphate (1 c.c.) by boiling the solution 
during an hour. The derivative separatcul in a crystalline condition 
and tlie benzene was decanted. The residue xxas then dissolved 
ill water (SOc.e.), rendered just alkaline by the addition of potassium 
hydroxide and heated on the steam -bath. A solution of pota.ssium 
ferricyanide was then cautiously added until fern cyanide remained 
in excess. A colourless substance separated in needles and, after 
cooling, this was collected and crystallised from alcohol. U was 
obtained in slender needles melting at 263° alone or mixed with 
synthetical 3-keto-4-methyl-3 : 4-dihydro-4-carboline obtained as 
dosciibed above. 

On distillation over a large excess of zinc dust in a stream of 
hydrogen, a crystalline distillate was obtained. This consisted 
chiefly of indole, but was found to contain a little norharman. The 
product was extracted with dilute acid and tlie pi crate prepared. 
After several crystallisations, a minute amount of material, crystal- 
lising from hot water in woolly yellow needles, decomposing at 
260°, was obtained. The substance thus appeared to be identical 
with norharman picrate, and it should also be noted that the acid 
solution of the base exhibited intense blue fluorescence. 
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3-Methylindole‘2-mrboxydmeihyhcetalylmetkylamide and 5-A"e(o. 
4 : 1 -dimethyl A : 5-dihydroindol€diazine{l : 4), 

[Me 

\/\/''C0-mie'CH,'CH(0Me)2 ’ N CO 

NH ■ I NMe 


3-Methylindole-2-carboxylic acid ( sc atole -2- carboxylic acid (see 
Part V, p. 1C34) was converted into the acid chloride by means 
of phosphorus pentachloridc and acetyl chloride, and this, dis- 
solved in chloroform, treated with methylaminodimethylacetal 
(compare Part V, p. 1626). On adding water, an oil separated 
which, especially when vigorously rubbed, gradually solidified. 
This crude S-methjlindole-2-carboxydwiethylacrtalylmethylamide was 
collected, dried on porous porcelain, and crystallised first from a 
mixture of benzene and light petroleum and then from light 
petroleum alone, from which it separated in small, flat plates which 
melt at 87 — 88° and are readily soluble in most of the usual organic 
solvents (Found : C = 65*2 ; H =- 7*2 ; N — 10*0. 
requires C = 65-2; II = 7*2; N — lOd per cent.). 

When this substance wrns added to a saturated alcoholic solution 


of hydrogen chloride at 40°, it dissolved and yello^v crystals soon 
commenced to separate whicli, after some hours, were collected and 
recrystalliscd first from alcohol containing a little ammonia and 
then from alcohol alone, from whicli ~^-keto-i : 1 -dimetkyl-i : 5- 


dikydroindolediazine{l : 4) separated in long, flat needles melting 
at 159° (Found : C = 73*6 ; H = 5-7 ; N = 13-2. 
requires C = 73'7 ; H — 5*7 ; N — 13-2 per cent,). 

In appearance and projierties, this substance closely resembles 
7-methyb4 : 5-dihydroindolediazine(l : 4) (see Part V, p. 1635). 
Concentrated hydi’ochloric acid converts it into a yellow crystalline 
hydrochloride, which is somewhat solnble in hydrochloric acid to a 
yellow solution exhibiting no fluorescence, although the neutral or 
alkaline solutions of tlic base have a slight blue fluorescence. 

On distillation with zinc dust, it develops an odour resembling 
that of indole and yields a yellow base which has not been further 
investigated ; in this respect it behaves very much like 5*kcto-4 : 5- 
dihydroindolediazine(l : 4), which in these circumstances jdelds 
indole and an orange base (Part V, p. 1628). On boiling with 
Ehrlich’s reagent (p. 1881), a bluish-green coloration is obtained 
wEich almost disappears on cooling, and on warming Avith vanillin 
and concentrated hydrochloric acid, a deep purple colour rapidly 
develops and remains on dilution with water, but is almost dis- 
charged on rendering alkaflne. 
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q.M ethoxy indole-2-ca,rboxydmethi/lacetalylmetkylamide (Formula X), 
ll-Methoxy-^-ketoA-mcthylS : 4^-dihydroA’CarboUne (Formula 
XI), arwj \\~Meihoxy-6-ketoA-methylA : ^-dihydroindoledi- 
azm[\ : 4) (Formula XII). 

This series of substances, which represent the closing simultane- 
ously of the carboline and indolediazinc rings (p. 1875), were obtained 
under the following conditions, 

6 -Methoxyindole- 2 -carboxylic acid was first converted into the 
acid chloride, and this combined with methylaminodimethylacetal in 
chloroform solution in the usual manner (compare Part V, p. 1626). 

After distilling off the chloroform and adding water to the residue, 
(i.rnethoxyi7idole-2-carboxydimeihylacetalylmethylamide separated at 
once in good yield and in an almost pure condition, since the melting 
point was 127°. It crystallised readily from light petroleum in 
colourless needles, the melting point rising to 129° (Found : C ~ 61-6 ; 
H = 6-9; N 9*5. C 15 H 2 QO 4 N 2 requires C ^ 61-6; H — 6 - 8 ; 
X = 9’6 per cent.). 

Action of Alcoholic Hydrogen Chloride . — When the methylamide 
just described is added to a saturated alcoholic solution of hydrogen 
chloride at 40°, it dissolves and crystallisation usually takes place 
very slowly, but after twenty-four hours a yellow crust will have 
separated. 'This is filtered off, ground w’ith very dilute ammonia, 
and the colourless precipitate collected by the aid of the pump, 
dried, and crystallised from alcohol. In this condition the substance 
melted indefinitely at about 200 °, and examination under the 
microscope confirmed the suspicion that it was a mixture, since it 
was seen to consist of .slender needles as well as of rhombic plates. 
On distillation with zinc dust, a sublimate was obtained w^hich 
fluoresced distinctly blue in acid solution and also gave a purple 
coloration when warmed with Ehrlich's reagent (p. 1881), a be- 
haviour which suggested the presence both of a carboline and of an 
indolediazine. The separation of the two isonierides proved to be 
very difficult, but may be brought about by careful fractional 
crystallisation from alcohol repeated many times, the first crop 
consisting of the rliombic plates (m. p. 245 — 240°). It was then 
observed that the rhombic plates are more sparingly soluble in 
acetone than the needles. In our later experiments, the crude 
mixture was therefore first extracted witli a little warm acetone, 
and the small insoluble portion repeatedly fractionally crystallised 
from acetone and from alcohol until no needles could be detected 
under the microscope. 

ilAhthxixy-^A:eio-A-meihyUZ : 4t-dikydroA-carboJine was thus 
obtained quite pure and melted at 245— 246° (Found ; C — 68-2 ; 
H == 5*1. C;^ 3 Hj 202 N 2 requires C = 08*4; H = 5*2 per cent,). 
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Tliis carboline yields a colourless hydrochloride on mixing with 
hydrochloric acid and gives scarcely any coloration with Ehrlich’s 
reagent {p. 1881). The solution of the hydrochloride exhibits a 
distinct though very slight blue fluorescence, but when a trace of 
the base is distilled with zinc dust, the sublimate yields, on dissolv- 
ing in very dilute hydrochloric acid, a strongly fluorescent solution, 
This is possibly due to the production of norhamine. 

The mother-liquors from the purification of the carboline contain 
the isomeric indolediazine and this may be isolated in a pure con- 
dition in the form of yellow needles melting at 205“ by repeated 
fractional crystallisation from alcohol (Found : C — 68’70; H == 
5*24. C 3 L 3 HJ 2 O 2 N .2 requires C = 68*4 ; H ~ 5*2 per cent.). 

\\-Metkoxy-6'ketoA-methyl-4 : ry-diJtydroindolediazine{l : 4) melts 
at 205“ and gives a greenish- blue colour on gently warming with 
Ehrlich's reagent. This becomes fainter and greener on cooling 
and the effects can be produced alternately. On adding hydro- 
chloric acid, a bright yellowish-brown colour is developed; this 
becomes brown and greenish-brown on heating, returning to reddish- 
brown on cooling. The addition of sodium nitrite subsequent to 
the treatment uith Ehrlich's reagent produces a dull green ; little 
change is observed on heating and the solution remains bluish -green 
on dilution with water. 

The indolediazine gives with vanillin and hydrochloric acid in 
the cold a deep red colour which becomes very intense on heating. 
After dilution with water, the solution is red by transmitted and 
blue by reflected light. The colour is destroyed by the addition of 
alkali. Neutral or alkaline, but not acid, solutions have a distinct 
blue fluorescence, and the yellow solution in acetone or benzene 
exhibits a very strong green fluorescence. The hydrochloride 
differs from the colourless hydrochloride of the isomeric carboline 
in being yellow. 

l^AIdhyltdrahijdromrharmine (Formula XIV). 

ll-Methoxy-3-keto-4-methyl-3 : 4 -dihydro-4 -carboline (1-3 grams) 
was dissolved in boiling n- butyl alcohol (20 c.c.), and sodium (2 
grams) added. The solution became yellow and acquired a green 
fluorescence. In about two minutes ethyl alcohol was gradually 
added so as to keep the boiling solution clear and, when all the sodium 
had disappeared, dilute hydrochloric acid was added until an acid 
reaction to Congo was obtained. Steam was then passed into the 
brown-purple solution to remove the alcohols, and animal charcoal 
was added. The filtered solution was concentrated and, after 
cooling, rendered strongly alkaline by the addition of an excess of 
sodium hydroxide. This precipitated an ochre base which was 
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collected and dissolved as far as possible in -much boiling benzene. 
The solution was treated with animal charcoal, filtered, and con- 
centrated by distillation. An orarige-yellow substance separated 
in a crystalline form and this was recrystalliscd from toluene and 
then twice from methyl alcohol. It was thus obtained in colour- 
less, prismatic needles melting at 182“, and at the same temperature 
when intimately mixed with a specimen prepared by the method 
next to be described. A careful comparison disclosed no difference 
existing between the two substances. Thi.s material w^as not 
analysed, as very little was available, but was dissolved in acetone, 
cooled to —5°, and finely powdered potassium permanganate added 
in minute amounts until after some hours no further oxidation 
occurred. More acetone w'as added and the solvent boiled and 
filtered. On concentration and adding w'ater, a small, crystalline 
precipitate was thrown dowm, and the substance was collected and 
twice crystallised from alcohol. The oxidation product W'as thus 
obtained in colourless, prismatic needles melting at 227°, and at 
the same temperature when mixed with an authentic specimen of 
keto-A-raethyltetrahydronorharmine prepared by the oxidation 
of harmaline mcthosulphate {Part 111, p. 959). jV-Methyltetra- 
hydronorharmine is best prepared from kcto-A-methyltetrahydro- 
norharmine by reduction with sodium in butyl alcoholic solution 
and except that the operation was conducted on a somewhat larger 
scale (5 grams of the substance) the details of the process are 
precisely similar to tiiose given above. Indeed the phenomena 
noticed at all stages were so alike in the two ca.ses as to afford 
ground for the belief that the first action of the reducing agent on 
the carboline derivative is to convert it into ketoniethyltetra- 
hydronorhannine. One of the most striking coincidence.^ was 
that in each case the ])aper iised for the filtration following the 
steam distillation devedoped, on standing in the air, a purple coloiir 
at the apex and a beautiful blueish-green ncartw the edges. Tlie 
substance prepared by this method also melted at 182° (Found : 
C = 72-l; H — 7-3. requires 0 — 72-2; H = 74 

per cent.). 'ii^^Methjltetrahydronorlmrhi i ne is sparingly soluble in 
ether and very sparingly soluble in benzene. It dissolves readily 
in methyl' or ethyl alcohol. When freshly prepared and purified, 
it is colourless, but on standing in the air it quickly becomes 
brownish-yellow as the result of oxidation. In this respect it 
differs from A-methyltetrahydroharmine, which is much more 
stable. In order to show the relation of tlie substance to nor- 
harmine, the base has been prepared from norharmine metho- 
sulphate {Part HI, p. 951) by reduction with sodium and butyl 
alcohol. The yield in this case was unsatisfactory. The metho- 
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sulphate ( 1-8 grams) was dissolved in butyl alcohol (60 c.c,), and 
sodium (3 grams) added. The mixture was then boiled during 
twenty minutes by heating in an oil-bath, then diluted with alcohol 
and the product isolated in the manner described above. The 
purification was difficult, but ultimately the substance was obtained 
pure and melted at 182®, and at the same temperature when mixed 
with a specimen made from ketomethyltetrahydronorharmine. 

bidole-2-carboxydimeihylacetalylamide, 

/\ 

I I t 

\/\/'CO-NH-CH,'CH(OMe) 2 , 

NH 

With the object of obtaining further evidence concerning the 
direction of ring formation in the case of the action of hydrogen 
chloride on dimethylacetalylamides, this comparatively simple 
case was investigated. The preparation of the acid chloride 
of indole- 2 - carboxylic acid and its conversion into indole- 2 -carboxy- 
acetalylamide are described in detail in Part V of this research 
(p. 162()), and in the present instaticc the same procedure was 
adopted except that aminodiinethylacetal was employed in the 
place of aminoacctal and the condensation conducted in benzene 
instead of in chloroform solution, which appears to be an advantage. 
The acid chloride dissolves readily in boiling benzene and, after 
cooling and adding aminodimethylacctal (2 mols,), a viscid oil 
separates, wduch is not the case when chloroform is used as the 
solvent. The benzene was removed by distillation under reduced 
pressure, the residue mixed with water, and the solid product, 
obtained in a yield of $0 per cent, of theory dried in a vacuum 
desiccator. In this condition indolC’2’Carboxijdimethylacetalylamide 
melts at 129® and is nearly p\ire, but after crystallisation from 
benzene, from w’hich it separates as a matted mass of colourless 
needles, the melting point rises to 130 — 131® (Found : C — 63-1; 
H = 6 - 6 . C 13 H 16 O 3 N 2 requires C = 02-0 ; H = 64 per cent.). 

When this acetal yl amide was wanned with alcoholic hydrogen 
chloride, it dissolved, and in a short time, yellow crystals of a 
hydrochloride commenced to separate. These were collected, 
ground with dilute ammonia, and the almost colourless base 
crystallised from alcohol, from which it separated in yellow needles 
melting at 247°. That this substance was 5-kcto-4 : 5 -dihydro- 
indolediazine(l : 4) w^as evident from the examination of its 
properties and w^as proved by admixture with the specimen of this 
substance which had previously been obtained (Part V, p. 1627), 
when the mixture melted at 247®. 
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rCHj-COjH 

I 1 ipn IT 

2-Carboxyindole-i : ^^diacetic Acid, \/\/ * 

N*CH2‘C0aH 

This interesting add, prepared during the course of the present 
investigation, is readily obtained under the following conditions. 

Phenylhydrazinoacetic acid, CgH5*N(NH2)CH.^'C02H, prepared 
by the method recommended by Busch [Bcr., 1903, 36 , 3882) and 
dissolved in alcohol, is mixed with the quantity of a-ketoglutaric 
acid, C0<)H’C0*CH2'CH2’C02H, required to yield the hydrazone, 
and hydrogen chloride passed until tfje solution is saturated Anth 
the gas, the whole being cooled during the operation. On diluting 
the red solution with water, a crystalline ]) reel pit ate comes down, 
which is collected, dried, and reerystallised from alcohol, from which 
it separates in slender, colourless needles (Found: C = 6l-6; 
K = 6’0. Gi 7 Hi 50§N re(iiiires 0^01*3; K — 5-7 per cent.). 
This dielhyl ester of 2-carbo.cyindole-\ ’/^-diaceiic (icid decomposes 

200 — 202®, dissolves in sodium carbonate in the cold, and, when 
heated, develops an odour resembling that of indole. With 
Erhliclrs reagent, it gives a bright red coloration which becomes 
blue on adding a drop of nitrite, and on dilution, purple and then 
green; the addition of hydrochloric acid brings back the purple 
colour. 

2-Carboxyindok-l :3’diaceiic acid is obtained from this ester by 
boiling Avith nActhybalcoholic potassium hydroxide ; water is added, 
the methyl alcohol rcmo\ed by evaporation, and the solution 
acidified, Avhen colourlc.s.s needles of this tribasic acid separate; 
these melt at 201 — 203® (Found ; C = 06-2 ; H = 4*3. 
requires C = 56-3 ; H — 4*0 ptu' cent.). 

When phenylhydrazinoacetic acid is added to an alcoholic 
solution of pyruvic aci<.l anti hydrogen chloride passed, some 
aiumonium chloride separates, and dilution with Avater precipitates 
au oil which docs not solidify and is extracted Avith ether. After 
hydrolysis with akoln>!ic potassium hydroxide, dilution with 
Avater, and removal of tlu' alcohol by evaporation, hydrochloric acid 
precipitates an acid Avhich crystallises in long, flat needles and 
melts at 232®. This acid gives a red coloration on Avarraing with 
Ehrlich’s reagent and is evidently 2-carboxyindok-\-aceiic acid. 
We propose to examine this acid and also 2-carboxyindole-l : 3- 
diacetic acid in more detail. 

^y-^-Methyl-lnd-^^-propylhanninc Chloride (Formula XXITI). 

Pure methylharraine (4 grams) Avas dissolved in a hot mixture 
of nitrobenzene (15 c.c.) and toluene (15 c.o.), and propyl iodide 
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(5 c.c.) added. After boiling during ten minutes, the reaction, as 
indicated by the separation of methylpropylharmine iodide, appeared 
to be complete and, after cooling, the salt was collected and washed 
with ether. The iodide was converted to chloride by digestion on 
the steam-bath with water and an excess of precipitated silver 
chloride, and the crude salt thrown down from the filtered solution 
by the addition of sodivim chloride and a little hydrochloric acid. 
The substance was then crystallised thrice from dilute hydrochloric 
acid and twice again from water. The crystals were collected and 
dried in the air, and this material lost 20-9 per cent, when dried 
at 125® (Found: in anhydrous material, C = 67-3; H = 7-0; 
Cl ~ 11-4. Cj 7112^0X201,4- bHgO requires Rfi 21-0 per cent. 
0^7112^0X201 requires C = 67-1 ; H — 6-9; Cl = 11-6 per cent.). 
Since the crystals lost some of their brilliancy on drying in the air, 
it is possible that they originally contained 5H2O. This substance 
is referred to helow' as (A). 

Py-X-PropyMud-X-»?ef/i?/ZAuryni«c Chloride (Formula XXII). 

Harmine was quantitatively conveited into its propiodide in 
the following manner. The base (4 grams) was heated with nitro- 
benzene (15 c.c.) until it dissolved, in a flask attached to a reflux 
condenser, and propyl iodide (10 c.c.) added. In a few seconds the 
propiodide crj'stallised in yellow prisms, and benzene (50 c.c.) was 
then added and the mixture boiled during an hour and a half. 
After cooling, the salt w^as collected and washed with benzene. 
The derivative crystallises very well from alcohol, in which it is 
sparingly soluble, in w'ell -shaped, rectangular, prismatic needles 
which melt and decompose at 240". Addition of sodium hydroxide 
to an alcoholic solution produces a y cl low' liquid which exhibits a 
striking green fluorescence. 

This propiodide W’as converted to the eorresponding chloride in 
the usual way by means of silver chhnide, and the solution con- 
centrated after filtration. On the addition of sodium chloride the 
chloride crystallised in pale yellow needles and was recrystallised 
from dilute brine. A hot aqueous .solution \va.s then rendered 
strongly alkaline by means of sodium hydroxide ,aad the oily yellow 
base extracted by W'arm toluemx This vcIIoav extract, w'hicb 
exhibited green fiuoresccnoe, was rapidly separated and dried by 
warming with sticks of potassium hydroxide, and when thoroughly 
dry it was decanted, iieated at and neutral methyl sulphate 
slowly added until the yellow colour had disappeared. A very 
pale yellow, crystalline substanct; separated almost immediately 
and this was collected and converted to chloride by crystallisation 
from dilute hydrochloric acid containing sodium chloride. Finally, 
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the substance was crystallised several times from water. Air- 
(iried material lost 22-9 per cent, at 125° (Found ; in anhydrous 
material, C = 674; H = 7-0; Cl = 11-8. AiON^Cl^oH^O 
requires H 2 O = 22*8 per cent. Cr^Hg^ONgCl requires C = 67*1 ; 
jl = 6-9; Cl = 11-6 per cent.). This substance is termed (B) in 
the comparison of properties of the two isomeric salts, which may 
now be made. 

(A) melts at 130°, whereas (B) melts at 100°, and after resohdi- 
fieation (A) melts at 240° with decomposition whilst (B) still melts 
at about 100 — 110°. Both salts are hygroscopic when anhydrous. 
Xhe isomerides are readily soluble in water, but (A) is much the 
more sparingly soluble of the two. The brilliant blue fluorescence 
of the aqueous solutions are identical. If to separate portions of 
an aqueous solution of (A) hydrochloric acid, nitric acid, sulphuric 
acid, or oxalic acid is added, an immediate crystalline precipitate 
of the corresponding salt is produced. These salts crystallise in 
small, colourless needles. With a solution of (B) of the same con- 
centration, the salts arc not immediately precipitated, but separate 
after some time in much larger slender needles. On the addition of 
3 otassium hydroxide to a solution of (A), there is produced a 
j^ellow liquid and a precipitate of yellow needles soluble in excess of 
ivater. With (B), however, the precipitate is a yellow oil also 
ioluble in excess of water. A proof of the fact that (A) and (B) 
ire different substances is afforded by the behaviour with sulphuric 
acid. Both give a yellow solution which exhibits bright green 
fluorescence and on warming becomes colourless and exhibits blue 
fluorescence. On diluting the solution of (A) in warm sulphuric 
acid, there is an immediate precipitate of a sulplionic acid. This 
substance is very sparingly soluble and crystallises in very small, 
colourless needles. (B), treated in the same way, never gives an 
immediate precipitate, but after some days the solution deposited 
crystals in this case also. These arc short, slender, colourless 
ncedle.s similar to those obtained from (A), but exhibiting a greater 
tendency to form clusters. The sulplionic acid from (B), if used to 
inoculate subsequent preparations, produce.s an immediate crystal- 
lisation, but that from (A) has no such effect. Both (A) and (B) 
give very sparingly soluble mereiirichlorides crystallising in pale 
yellow needles. 

(A) gives a more flocculent, orange-ycllow' precipitate with 
potassium dichromate than does (B), w’hereas the buff ferrichloride 
from (B) is more flocculent than that from (A). Both salts give a 
green solution in concentrated nitric acid and a curious green oil 
when shaken with benzoyl chloride and aqueous potassium 
hydroxide. 
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In Part III (p. 950), the very sparingly soluble mcthylharmine. 
sulphonic acid was described, and it was tentatively suggested that 
the substance might be an xY-sulphonic acid derivative. In view of 
the fact that dimethylharmine chloride and the two methylpropyh 
harmine chlorides yield similar derivatives it must -w he ajunie 
that the sulphonic acid group enters the benzene n ic eus. Du 
methylharmine chloride (2 grams) was dissolved in siilphui.c acid 
(10 c^c ) The yellow solution had a most brilliant green auores- 
cence, but the colour disappeared and the fluorescence changed o 
blue-violet on warming for a few seconds on the steain-bat . The 
fixture was added to excess of water, when an iminediate precipitate 
of a very sparingly soluble -‘bstance wns obtained, i n 
collected, washed with hot ^;ater, and "t 110 ( 

C = 52.0; H = 5.7; S = 9-2, CisH^O^NjS.l oH^O requues 
P = 59.0 ■ H = 5-5 • S = 9-2 per cent.). This substance crystallises 
from a very large volume of water in slender, microscopic needles, 
It is iiisolLlc in sodium carbonate and only dissolves in verj- 
dilute aqueous sodium hydroxide on heating 

Dyson Pebriks Laboratory, Oxfoku. 

Chemstry Research Laboratory, .onard 

United College of St. Salvator and Sr. Leonard, 

University of St. Andrews. 
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CCXXVII.— Formation of Bromine Derivuiiies of 
Carbon Compounds irithout the Production oj 
Hydrogen Bromide. 

By BiE.tj Mohan Gupta and Jocelyn Field Thorpe. 

Many instances have doubtless occurred ™'to 

manipulation which have shown the ^ 

» The manuscript of this coinmumoation was su im 55,m,lT62) 

opportunity to consult the suggestive paper of ‘ amino- 

on the constitution of betaines and “ it. ot which wo no» 

acids and aromatic amino-su phonic acids, it “Llified in the sj-mbol 

attribute to alkylharminesulphonio acids P j ^ hannoni 

chosen to represent dimethylharmmesulphouic acid is m compi 
with Pfeiffer’s views. 
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the formation of hydrogen bromide during the bromination of an 
organic substance by free bromine under the usual conditions, 
and have indicated the need for some method by which the pro- 
duction of the hydrogen haloid could be obviated. This need 
has been particularly evident during some of the work now being 
carried on in these laboratories, because it has often been found 
necessary to prepare bromo- derivatives (type I) of labile ring 
structures like caronie acid (type II), which, as is well known, 
readily undergo ring fission in the presence of hydrogen bromide, 
yielding derivatives of terebic acid (HI) in accordance with the 
scheme 


Mc2C<^H.cOjH 

(ri.) 


Me. 


:C<^: 


CBr-CO,H 


(I.) 


Me2CBr\ 


CHBr-COaH 

CH'COjH 


0 CO 

Me2C'CH(C02H)’CHBr 


Consideration showed that a possible solution of the problem 
ini^ht be found in the use of compounds of the type of dibromodi- 
methyldihydroresorcinol (iV), which Norris and Thorpe (T., 1921, 
119, 1205) have shown to possess a bromine atom which is in a state 
of such instability that it is replaced by hydrogen even through the 
agency of dilute caustic soda. 

It seemed possible, therefore, that a reaction represented by the 
equation 




CH-CO.H 


CO-CH/ 

(TV,) 




might occur and that in this way the experimental difficulty men- 
tioned above would be overcome. Before, however, trying the 
proposed reaction witli costly and difficultly obtainable substances, 
we deckled to ascertjun its [)ossibilities by the aid of commoner 
material, and tlic present comnumication describes our experiments 
in this connexion. 

In the first place, it was desirable to determine which of the many 
substances containing unstable bromine were best suited for our 
purpose, and ^\ith thi.s ol)jecl in \w\y we selected diincthylaniline 
as our compound to bo brominated and tlie following dibromO' 
derivatives as our source of bromine ; Etiiyl dibromomaloiiate, 
GBr2(C02Et)2 (V), dibromomalondiethylamide, CBr 2 (CO‘NHEt )2 (VI), 
dibroniocyanoacetamide, CN*CBr 2 *CO'NH 2 (VII), dibromobarbituric 
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acid, CBr2<^^;^H>CO (VIII), and dibromodimethyldihydro. 
resorcinol {IV). 

It will be noticed that all these substances contain an unstable 
bromine atom in the sense that they all liberate iodine from potass- 
iufti iodide, but it is certain that the degree of mobility or instability 
is markedly dilfercnt in each case. We do not propose to discuss 
the question whether this difference in stability can be explained 
on the theory of relative polarities, or whether it is due, as has been 
suggested, to the tendency for the dibromo- derivative to acquire 
the hydrogen atom necessary to enable it to react in the enol form, 
but it is desirable to emphasise the fact, which is evident from the 
experiments described in this paper, that the greater the tendency 
for the compound containing the hydrogen atom to enolise the greater 
is its tendency to acquire that hydrogen atom and to do so by 
parting with one of the bromine atoms of its dibromo-derivativc, 
or, in other words, the speed of the reaction between the brominator 
(A) and the acceptor (B) is determined by the tendency to enolise 
which is possessed by the mono-halogen compound (IX) formed 
in the reaction. 

Thus ethyl dibromomalonate (V) and dibromomalondicthylamule 
(VI), which would yield ethyl inonobromomalonate and niono- 
bromonialondiethylamide, respectively, do not react with dimethyl- 
aniline under ordinary experimental conditions, because the mono- 
bromo-derivatives possess little or no tendency to react in an enol 
form. On the other hand, dibromodimethyldihydroresorcmol (IV), 
which, when the necessary hydrogen atom in introduced, yields 
the strongly enolic sub.stance monobromodimeihyldihydroresorcinol 
(IX), reacts readily with dimethylaniline and in the course of a few 
minutes gives an almost quantitative yield of the brominated 
base (X), 

A (TV.>“ 

Br/“)NMP, -f 

Tx.) (IX.) 

The method is therefort.* applicable for the purpose required, and 
it has been found that under suitalile conditions it is possibe, 
by its means, to brominate labile ring complexes wit out mic 
fission. It is pspecialiy useful because it is an easy matter o 
isolate the monobroino-tlcrivntive (IX), which can then be i rom 
inated and used again. The experiments in this connexion i 
form the subject of another communication. 
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The two other labile bromo-derivatives which were found to 
act as bromiuating agents, but to a less satisfactory degree than 
dibromodimethyldihydroresorcinol, were dibromobarbituric acid 
{VIII) and dibromocyanoaoetamide (VII). Of the two, the bar- 
bituric acid derivative is the more satisfactory, giving a 75 per cent, 
yield of bromodimethylaniline. Dibromocyanoacetamide, under 
similar conditions, gives a 55 per cent, yield of the brominated 
base. 

Pibromocyanoacetainide (VII) is a curious substance which was 
originally obtained by Hesse (dmcr. Ckem, J., 1896, 18 , 725), but 
no experiments were carried out by him to determine the positions 
of the bromine atoms. This can ])e done quite easily, how'ever, 
because the action of aniline leads to tlie formation of the com- 
pound NHPh*C(.NPh)'CO'NH 2 (XI), from which phenyloxamide 
NHPh’CO'CO'NHg (XII) can be prepared by hydrolysis. 

The action of ethyl sodiomalonate on the dibromo-compound 
(VH) is typical, ethyl cthanetetracarboxylate (XIII) and ethyl 
ethylenetetracarboxylate (XIV) being produced in approximately 
equal amounts. It is evident, th('refore, that dibromocyano- 
acetamide acts as free bromine, and that the course of the reactions 
is represented by the equations 

(1) 2CHNa(C02Et)2 + CN-CBr^-CO-NH, 

CH(C02Et)2-CH(C02Rt)o + CX-CNaBr-CO-NHa 

(Xm.) + NaBr. 

(2) CH(C02Et)2-CH(C02Et)2 + CX-CRr^CONH. 

CBr(C02Et)<>-CH(C02Et)2 + CX-CHBrCO-XH^, 

(3) CBr(C02Et)2-CH(C02Et)2 C(C02Et),:C(C02Et).2 + HBr, 

(XIV.) 

It is doubtless desirable to carry out the brominating reactions, 
of which those described in this paper arc t 3 qx's, in solvents, such 
as carbon tetrachloride, from wliich the brominator cannot acquire 
the hydrogen atom it desires. Actually, in the present experiments, 
in which the reactions proceeded easily and rapidly, this precaution 
was not found to be necessary, and solvents such as alcohol and 
benzene were used without detriment to the yield of brominated 
base. 

A paper has just appeared by Macbeth (this vol., p. 1118) in which 
the “tautomeric hypothesis” of Thole and Thorpe {T., 1911, 99 . 
-183) is criticised. Macbeth prefers the “ polarity hypothesis,” 

ecause, for example, a substance such as ethyl monochloromaloiiate 
( ^ ) reacts with hydrazine to form ethyl malonate and free nitrogen, 
whereas monochloroacetylacetDnc (XVI) and, incidentally, its 
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dichloro-derivative, do not behave in this manner, 
explanation of this is as follows : 


The 


polarity 


(XV.) 


0 

R-Ct - + 
)CHCI 

R-Cf - + 

I r 
0 


0 

EtO~C+ . 

- 

Eto-c;- + 

“ 0 


(XVI, ) 


(Halogen not reactive.) 

and therefore it follows that : 


(Halogen reactive.) 


(.) 

EtO— Cf - + ^ 
.(XVI.) - ;J;^CBrBr;J; 

EtO-C+ “ ^ 

0 


CMe. 


/ 


0 

1 u 

CH,‘0+ + 

)CBrBr 

0 


(IV.) 


(Halogen more reactive.) (Halogen less reactive.) 

which is totally contrary to the actual experimental facts as described 
in this paper. 


E X P E R I M F N T A L. 

A . — T) ihfom ocya noaceiam ide ( VII ) . 

The method of preparation adopted was similar to that eni ployed 
by Hesse {loc. cit.), but tlic yield was increased to 90 per cent, 
of the theory by the following modification of his process. Oyano- 
acetamide (42 grams ; 1 mol.) was dissolved in 350 e.c. of cold water 
and the solution treated with KiO grams of bromine, a small quantity 
being added at a time and the mixture being kept cool. Addition 
of sodium acetate in quantity sufficient to react with the hydro- 
bromic acid formed in the reaction, increases the yield and prevents 
the fonnation of lachrymatory polybromo -compounds. The pre- 
cipitate obtained was quickly filfered, freed from traces of adhering 
hydrobromic acid by wa.shing, and dried. A pure specimen, crystal- 
lised from benzene, incited at 126^ ( Found : Br = 65*97. Calc., Br == 
66*1 per cent.). All attempts to prepare monobromocyanoacetamide 
by direct bromi nation were fruitle.'^s, and it was not until later (see 
p. 1902) that this substance wa.s obtained in another way. 

Action of Sodium Hydroxide, Formation of Tribrommeetamide, 
OBrg’CO’NH,. — Dibromocyanoacctamide dissolves readily in dilute 
caustic soda and, in a short time, a heavy oil is precipitated which 
contains bromoform and carbon tetrabromide. Deep-seated decom- 
position of this kind is, however, prevented if carbamide is present, 
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One gram of dibromocyanoacetamide was mixed with 4 grams of 
carbamide dissolved in water, and a 10 per cent, solution of caustic 
soda added drop by drop until complete solution had been effected. 
The solution, which became reddish-brown, was then extracted with 
ether, and the crystalline residue, left after evaporating the ether, 
recrystallised from dilute alcohol. The pure tribromoacetamide 
melted at 120—121® (Found : C - 8T6; H == 0*70; Br - 80-8. 
C HgOBig requires C = 8T ; H = 0*7 ; Br = 81-0 per cent.). 

Action of Ethyl Sodiomalonate. — Dibromocyanoacetamide (24 
gi'ams) was dissolved in 75 c.c. of ethyl alcohol and the cooled 
solution added gradually to a suspension of ethyl sodiomalonate 
{0'2 mol.) in 65 c.c. of ethyl alcohol. After the solution had stood 
on ice over- night, it was heated on the water -bath for one hour 
and then diluted with water. The oil which was extracted by ether 
and became jjartly solid on standing was distilled under 30 mm. 
nressure, the fraction boiling at 110 — 130°, which became completely 
solid on cooling, being collected. The crystals, which melted at 
50°, were found to consist of two substances which could be separated 
by repeated crystallisation from a mixture of alcohol and light 
petroleum. One of these melted at 56° and was identified by means 
of its properties and by its hydrolysis to fumaric acid as ethyl 
ethylenetetracarboxylate (XIV); the other, which melted at 76°, 
was found to be ethyl ethanetetracarboxylate (XIII). 

Action of Aniline, Formation of Diphenylamidineommide (XI). — 
When a mixture of 24 grams of dibromocyanoacetamide and 37 
grams of aniline dissolved in 20 c.c. of ab.solute alcohol is left at 
the ordinary temperature, it gradually becomes warm and in about 
half an hour a vigorous reaction takes place, the whole mass becom- 
ing solid. A considerable portion of this proved to be aniline 
hydrobromide, which could be removed by the action of hot water, 
leaving an insoluble residue wliich, wheti crystallised from alcohol, 
formed lustrous, pale yellow lamime, melting at 155° (Found: 
C = 69-90, 70-06; H -- 5-62, 5'54; X - 17-68, 18-09. Calc., 
C — 70’2; H = 5-5; N — 17-6 per cent.). This substance is 
evidently identical with that prepared by Schultz, Rohde, and 
Herzog (J. pr, Chem,, 1906, [ii], 74, 74) from hydrocyanocarbo- 
diphenyhmide. 

Phenyhzamide.—ThQ proof of structure of the last-named sub- 
stance was provided by its hydrolysis to phenyloxainidc. Diplieiiyl- 
amidineoxamidc dissolves readily in dilute liydrochloric acid and, 
if the solution is warmed for a few minutes, phenyloxamide separates 
on cooling. It melts at 225° ami sublimes very easily (Found : 
C = 57'82; H = .i’86; N = 17'68, Calc., C oS'o; H==40; 
= 17-l_per cent.). 
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Action of Dimethylaniline. Interckinge of Hydrogen and BromiTie 
— Six grams of dibromocyanoacetamide were dissolved in 120 e,c. 
of dry benzene and the warm solution was treated with 3 grams of 
dimethylaniline. The colour of the solution gradually turned 
greenish- blue and, on keeping the mixture at 80°^ a dark brown liquid 
slowly separated. The heating was continued for four to five hours 
After cooling, the liquid was separated from the solid which liad 
formed, and the solvent evaporated. The solid residue proved to 
be p-bromocUmetliylaniline, melting at 58“^. MoTiobromocyano. 
acetamide, CHBr(CN)*CO*hiH 2 , can be isolated from the product 
insoluble in benzene. It forms colourless crystals from alcohol 
and melts at 120 — 121^ (hound : C = 22T6; H = 1’96; Br=: 
49-05. CgHgON^Br requires C - 22-1 ; H 1*9 ; Br ^ 49-04 
per cent,). 

The amounts of monobromocyanoacetamide and p-bromo- 
dimethyianiiine actually isolated represented 55 per cent, of the 
theoretical yields. 

B.—Etkyl Dibromomalonate (V). 

Ethyl dibi'oniomaionate was prepared by tlie action of bromine 
on ethyl malonate in the presence of sunlight according to the method 
described by Conrad and Bruckner {Her., 1891, 24, 2993). A pure 
specimen was obtained by redistiUation, and the fraction distilling 
between 148 — 155^/25 mm, was employed in these experiments. 

Action of Dinitikylaniline. — A mixture of 3*1 grams of ethyl 
dibromomalonate, T2 grams of dimethylaniline, and 5 c.c. of dry 
benzene ^vas heated on the steam -bath for five hours. After boiling 
off the solvent, the residual liquid was treated with dilute hydro- 
chloric acid. The acid extract was then made alkaline and extracted 
with ether, the ether on evaporation leaving a residue which con- 
sisted mainly of the initial materials. No trace of p-bromodimethyl- 
aniline could be detected. 

C~Dibromoriialo)idietkykimide (VI). 

This sub.stauce was obtained by the action of bromine on malondi- 
ethylamide, which was prepared by the interaction of ethylamine 
and ethyl malonate. The bromiiiation was effected in two stages 
in accordance with the method described by Backes, West, and 
Whiteley (T., 1921, 419, 363). The specimen used in these experi- 
ments had been extracted with dry ether and recrystallised from a 
mixture of alcohol and light petroleum. It melted at 78°. 

Action of Dimethylamiine. — 3'2 Grams of dibromomaiondiethyl* 
amide were dissolved in 50 c.c. of dry benzene and treated with 
r2 grams of dimethylaniline, the mixture being boiled for two hours. 
After removing the solvent, the residue was treated mth dilute 
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iiydrochloric acid and filtered from the im^oluble material, which 
was found to be unchanged dibromomalondicthylamide, 2*9 grams 
being recovered in this way. The unchanged dimethylaniiine was 
isolated from the filtrate by rendering it alkaline. The i^uantity 
obtained was practically the same as the amount originally employed, 
trace of p-bromodimethylaniline could be detected. 

D. — Dibro?nobarbituric Acid (VTII). 

( Vystallised barbituric acid (I mol.) vas dissolved in boiling water 
and the solution treated gradually with bromine (2 mols.), which 
was rapidly absorbed. The material used in these experiments, 
which melted at 235°, was isolated by extracting the cooled solution 
with ether and recrystallismg the ether extract. 

Action of Dimethylaniiine . — Owing to tlie insolubility of dibromo- 
barbituric acid in benzene and in carbon tetrachloride, the 
olvent used in this case was absolute alcohol. Dibromobarbituric 
icid (2‘8 grams) was dissolved in warm alcohol and the solution 
reated with 1*2 grams of dimethylaniiine. A vigorous reaction, 
vith the evolution of heat, took place at once, but in order to ensure 
hat it was carried to completion, the mixture was heated for 
ifteen minutes on the water-bath. After removing the solvent, 
he residue was extracted with light petroleum (b. p. 50 — 60°) 
ind in this way an amount of p-bromodimethylaniline corresponding 
ivith 75 per cent, of that theoretically possible was isolated. 

E . — Dibromodimethyldihydroresorcinol (IV). 
Diinethyldihydroresorcinol, prepared by the method of Norris 
md Thorpe {T., 1921, 119 , 1205 ; compare also \^orlan.der, Annakn, 
1897, 294 , 253), was dibrominated in chloroform solution by the 
method described by Vorlander and Kohlmann {Annalen^ 1902, 
322, 257). The product u.sed had been recrystallised from dilute 
methyl alcohol. It melted at 144 . 

Action of Dimethylaniiine . — A mixture of 3 grams of dibromo- 
dimethyldihydro resorcinol and 1'2 grains of dimethylaniiine was 
treated with 15 c.c. of dry benzene, and the solution heated for 
iifteen minutes on the water- bath. After evaporating the benzene, 
the dry residue w^as treated with dilute hydrochloric acid and filtered. 
The tiltrate yielded, on being made alkaline, a cpiantity of p-bromo- 
dimethylaniline which represented more thaii 90 per cent, of that 
theoretically possible. The residue insoluble in dilute hydi'o- 
chloric acid was, after purification, identified as inonobromo- 
dimethyldihydroresorciiiol (IX), melting at 175°. It wns evident, 
therefore, that the reaction had proceeded practically quantitatively, 
the percentage yields of the hvo products being the same, 
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An experiment carried out with diraethylaniline and mouo- 
bromodimethyldihydroresorcinol (IX) showed that no reaction 
occurred between these two substances. 

The Impebial College op Science and Technology, 

South Kensington. [Received, July 1922.] 


CCXXVIII . — The Reactivity of Alhyl Iodides with 
Sodium Benzyloxide and the Effect of Temperature 
on such Reactions, 

By Percy Charles Haywood. 

The interaction of the alkyl iodides and a variety of compounds 
has been studied by numerous investigators, but only Slator (T,, 
1904, 85, 1286), Preston and Jones (T., 1912, 101, 1930), and 
Segailer (T., 1914, 105, 106) appear to have studied the effect of 
temperature on the relative reactivities. Various methods hare 
been adopted to attain this end, and in general it has been 
observed that methyl iodide is several times more reactive 
than ethyl iodide, whilst the other members of the series show a 
comparable decreasing reactivity with increase of moh'cular weight, 
No definite relationship was established, however, between these 
two specific properties. 

Wislicenus [Annakn, 1882, 212, 239) measured the velocity of 
the reaction between ethyl sodioacetoacetate and the alkyl haloids 
in ethyl-alcoholic solution. Wildcrmann and Aisinniann [Z. 
j}hysikal. Chem., 1891, 8, 661) investigated the rate at which 
hydrogen haloid was split off from halogen derivatives of the 
fatty hydrocarbons by alcoholic potash. At 35-5°, they found 
that ethyl iodide was destroyed three times as quickly as propyl 
iodide and that L^oamyl iodide, ksopropyl iodide, and -hexyl 
iodide decreased in activity in the order given. This type of 
reaction was later studied by Brussoff. Hecht, Conrad, and 
Bruckner [ibid., 1889, 4, 272) studied the reaction in alcoholic 
solution between sodium ethoxide and the alkyl iodides at 30°. 
The reaction in this case too was found to be bimolocular, but 
their results did not agree in detail with those of Wislicenus. The 
bimolecular reaction between the alkyl haloids and triethylaraine 
in acetone at 100° was investigated by Menschutkin [ibid., 1890, 
8, 589), who found an anomaly in the behaviour of the raetbyl 
haloid, Conrad and Bruckner, in continuation of their investi- 
gation on the velocity of ether formation [ibid., 1891, 7, 274), 
measured the velocity coefficients with a reaction mixture of alkyl 



Table fykowing the Relative Reactivity of Various Alkyl Iodides as Determined by Numerous Investigators. 
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iodide, sodium ethoxide, and phenol. The rate of evolution of 
gaseous olefine by the interaction of alkyl haloids and 2 A^- potassium 
hydroxide in 96 per cent, alcohol, at 78“ waij determined by Bru^solf 
{ibid., 1900, 34 , 129). His reaction mixture was not initially at 
78“ and thus there must be an appreciable error in his results. 
Burke and Donnan (T., 1904, 85 , 585) caiTi(;d out an invcstigatio^ 
of the bimolccular reaction between the alkyl iodides and silver 
nitrate. In this case, silver iodide being precipitated, the intro, 
duction of this new phase may possibly have iniluenced the velocity 
of the reaction. There is also a possibility of complex silver salts 
being formed. The velocities of the reaction of sodium thiosulphate 
with methyl iodide and also with ethyl iodide at 25“ were studied 
by Slator {loc. cit.). The velocity of the reaction with methyl 
iodide was eighteen times as great as that with ethyl iodide, and 
the ratio hivflh was equal to 3*0 and 3-4 in the cases of methyl 
and ethyl iodides, respectively. Following on the work of Men- 
schutkin, Preston and Jones (?oc. cjf.) studied the action of alcoholic 
solutions of the alkyl haloids on diinetliylaniline and lri?>oamvI. 
amine at 25“ and 40“ . Their results also show an anomaly in tlie 
behaviour of methyl iodide. Furthermore, in each case, the ratio 
of the velocity of reaction of each iodide at 40“ to the velocity at 
25° was approximately constant, Cox (T., 1918, 113 , 666) studied 
the reaction of sodium x-naphthoxide and .sodium [i-na]dithoxide 
with some normal iodides in deeinormal alcoholic solution at 40^ 
The only extensive investigations of the influence of temperature 
on the reactivity of the alkyl iodides are due to Segaller {loc. cif,}. 
He determined the velocity coellicicnt of the reaction hctwcoii 
aliphatic iodides and sodium phenoxide in alcoholic solution, and 
found the data obtained were well expressed by Arrhenius's equation 
{Z. pkysikai. Chem., 1887, 4, 226), and that the relative reactivity 
was approximately inde])endent of te[n})eralure, with the exception 
of n-heptyd and hexadecyl iodides at the hlgliesl Uunperaturcs. 

The numerical results obtained by the various investigators are 
summarised in the preceding table. 

In previous de terminations of the relative reactivity of certain 
aliphatic iodides, the getUTal method has been to study the re- 
action between tfie iodides and the sodium derivative of either an 
aliphatic or an aromatic alcohol, for example, sodium ethoxide or 
sodium phenoxide. It wa.s eonsidcTcd an advantage to study the 
effect on some aliphatic it)dides of sodium benzyloxide, which, 
although aromatic, has proj>erti(‘s appertaining rather to the 
aliphatic series than to the homocyclio. Tty .such means it was 
hoped that a definite relationshijii ))etw(*cn tlie reactivity and 
molecular weight of an iod'do wouhl be obtained. 
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The rate of reaction was measured by titrating the alkalinity of 
the mixture at definite intervals of time. Fifty c.c. of A^/S-sodium 
benzyloxide were intimately mixed with 50 c,c. of .^/5-8olution 
of the iodide, the solvent in each case being pure ethyl alcohol. 
Ten c.c. of this mixture were transferred as rapidly as possible to 
each of nine Jena-glass test-tubes, which \vere immediately closed 
l)y well-fitting rubber stoppers. These tubes were placed in a 
brass rack, lowered into the thermostat, and allowed fifteen minutes 
in which to attain the correct temperature. At this juncture a 
tube was withdrawn and the mixture poured into a titration flask 
containing almost the correct amount of acid for neutralisation 
(determined by previous experiment). The tube was carefully 
washed and the diluted mixture made up to 200 c.c. ’with cold 
water; acid was then added until neutralisation was complete 
using phenolphthalcin as indicator. After dilution, alcohol was 
nresent only to an extent of 5 per cent, and the phenol phtlialein 
was thus capable of giving an accurate end-point, the maximum 
error of titration being :1_ 0*13 per cent. After definite time 
intervals, other tubes were withdrawn and their alkalinity deter- 
mined. From tliese values the velocity of reaction was calculated. 

The acid used was standard hydrochloric acid, o})lained from 
“constant boiling’' acid. The thermostat employed was of the 
general type. The surface of the water was covered with a layer 
of lubricating oil of low density, and a S{)ecial electrical device 
was emplo 3 ^cd for the maintenance of a constant tem]>erature, with 
very satisfactory results. A detailed description of this apparatus 
will be published in a later jiaper. In experiments extending over 
a period of nine hours, no alteration in tem|)erature could be de- 
tected, whilst for those of a longer duration, in whicli comparatively 
large changes in atmospheric tcmjK'rature would be experienced, 
the variation was in the region of 0-0 P. The majority of the 
experiments at 00°, however, were carried out in a tliermostat 
provided with an adapted Ostwuld toluene thermo-iTgulator, with 
temperature variation of 
Since we have the reaction 

C^H.-CHg-ONa + RI - Nal -f 

one would expect it to be of the second order ; exfxwiments show 
that such is the case. 

The results were calculated by the usual formula and expressed 
as ^ in terms of gram -molecules per litre. 



where y = c.c. of acid required to neutralise the amount of sodium 

3u2 
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benzyloxide in a known volume of the mixture before the com. 
mencement of the experiment, u = c.c. of acid required to neutrahse 
the same volume of the mixture at the zero point taken, (a x) ^ 
c.c. required to neutralise an equal volume at a time t minutes from 
this zero, and Cq ^ concentration of reacting substances at the 

Since in the preparation of sodium benzyloxide there was a 
possibility of a slight excess of the alcohol, it was considered ad- 
visable to study the effect of the presence of excess of this alcohol 
'in the reaction mixture. In absence of excess of benzyl alcohol, 
the velocity of reaction between sodium benzyloxide and ethyl 
iodide of iV/lO-concentration in ethyl alcohol at 40° was found to 

Ic = 0'04o56, whilst in the presence of 5 per cent. exce.ss of 
benzyl alcohol I = 0'04422. Thus, for a 5 per cent, excess of 
benzyl alcohol, we have a decrease of 3-5 per cent, in the velocity 
coefiheient Simitar results were obtained by Cox {loc. cU.) and by 
Robertson and Acree (T., 1913, 49, 474) in the reaction between 
/2-sodium phenoxide and 372 -methyl iodide. 

The effect of a small percentage of water was also investigated. 
The velocity coeflacient of the reaction at 40° between ethyl alcohol 
and sodium benzyloxide of equivalent 3f/10-molecular concen- 
tration is 0-04530; whilst in the presence of 1 
by weight, ive have a velocity constant, t = 0-04.i88. This gius 
an increase of O'o per cent, approximately, and thus a trace ol 
water as impurity in the solvent udll not cause a la^e error. „ 
this connexion, it must be mentioned that Cox (T., 19^0. ”7. .hi.) 
observed an increase of 3 per cent, in the velocity coefhcient when 
95 per cent, alcohol was used as the solvent m the place of 100 per 

cent, alcohol. . i j j au. 

The flasks pipettes, and burettes used were standard, and the 

same were used throughout the series of experiments. As an 
additional precaution, the solution of sodium benzyloxide prepar^ 
by solution of a known weight was checked by titration ivith 
standard hydrochloric acid obtained from ■ constant boiling 
acid. Precautions were also taken to exclude carbon dioxide and 

moisture. ..,11 

On dissolving sodium benzyloxide in ethyl alcohol one »ouM 
expect alcoholysis to take place to a certain extent until the alco- 
holysis constant was satisfied . 

CjHs'CHj-ONa + CaHj-OH CjHs'ONa + CjHs-CHj'OH. 

Similarly, a mixture of sodium etlioxido and benzyl ® 

ethyl alcohol solution would result in the formation o so i 
benzyloxide, the alcoholysis constant being the same unde 



SODIUM BBNZYLOXIDE AND THE EFFECT OF TEMPERATURE, ETC. 1909 
conditions. That such is the case is shown by the following 


examples. 


Fig. 1. 


Relationship between the velocity coe^cient and the 
logarithm of the dilution. 



I Ethyl iodide at 30^. II n-Propyl iodide at 40*^. 

in „ „ „ 40". IV „ „ 50". 


A reaction mixture of .V/lO-ethyl iodide and A'/lO-sodiurn 
^enzyloxidc at 40° has for its velocity coefiioient k — 0*04556. 

I -sing a mixture of sodium ethoxide and benzyl alcohol in place 
the sodium benzyloxide, a coefficient, k ^ 0-04560, was obtained. 
Again with /i-propyl iodide. A reaction mixture consisting of 
tV/lO-n -propyl iodide and N /10-sodium benzyloxide has the velocity 
coefficient of interaction at 50°, 1* = 0-05119. When the sodium 
benzyloxide was replaced by equal molecular quantities of sodium 
-thoxide and benzyl alcohol, the determined velocity coefficient 
was k = 0-05070. This equivalency of sodium benzyloxide in 
-Ihyl alcohol solution and a solution of sodium ethoxide with 
benzyl alcohol of corresponding concentration in ethyl alcohol 
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has been used in the determination of the velocity of reaction Id 
preliminary experiments. 

The initial concentration is of considerable importance, (qj 
experiment shows that to obtain comparable results the sai^e 
initial concentration should be used for each substance. 

An empirical equation was proposed by Hecht, Conrad, and 
Bruckner (Z. physikal. Chem,, 1890, 5, 289), 

— h, ~ a lot^ rj/rg, 

where Jcr, and are the velocity coefficients of the reaction under 
consideration in terras of gram -molecules per litre at dilutions 
and n, respectively. This expression was later placed on a scientific 
basis by Schroeder and Acree (T,, 1914-, 105, 2r)82). 

The velocity coefficients for ethyl and ?? -propyl iodides at dilij. 
tions 2 '5, 0 , 10, and 20, each at two temperatures, have been deter- 
mined and the results are shown graplncally in Tig. 1. 


(A) Ethyl Iodide. 





h 


^'20 


Temp. l\.y 

^'lO* 

(f. 

(ealo.). 

(ob..). 

{rale.). 

(obs,). 

30^ 0-0 1093 

001423 

0 0054S 

(>■01258 

00124; 

001588 

00] 692 

40= 0030.')7 

0 045.50 

0-024!) 

0 03801 

003823 

0O5300 

0-05569 

(B) n-Propyl fodide. 









h 

h 


K 

Temp. l\.y 


n. 

(eale.). 

(obs.). 

{(•ale.). 

(obs.). 

40= 0-0i292 

001758 

0-00774 

0 01.525 

0-01.549 

0 01901 

0-02n4 

50° 0-03533 

0-05124 

0-0204 

0 '044 90 

0 04341 

0-05750 

O-O6306 


The values of a (calc.) and Kq (calc.) are obtained from 
and itjQ. 

From these values of the velocity coeffioients it can he seen that 
the equation does not hold with accuracy at a dilution of v ~ 20. 
Cox (T., 1920, 117, 505), in his investigations on the reaction 
between the naphthoxides and alkyl iodides, noticed that in the 
case of methyl iodide in ethyl- alcoholic solution there was a distinct 
change at a dilution of n — 8. Thus, in order to obtain com- 
parative results of the reactivity of tlie iodides by the method 
under consideration, the velocity of reaction must be studied at 
the same dilution (compare also Sc'galler, loc. cit). 

Lewis has deduced on the basis of the quantum theory an ex- 
pression for the variation of velocity coefficient witii temperature 
(T., 1916, 109, 807). This expression differs from that of AiThenia^ 
by a correction terra applied to tlie coeflieient. In the case ol 
ethyl alcohol, the tempcu’ature coefficient of refractivity is O'OOOl 
(^^'^•teler, Ann. Phys. Chem., 1888, [hi], 33, 508), causing a vari 
ation constant, of the order determined experiraentally, of 
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approximately 0* 15 per cent. The expression deduced by Robertson 
ind Acree [J. Amer. Chem. Soc.^ 1913, 49 , 474) shows that alco- 
holysis has no effect on the constancy of this relationship. The 
results obtained are compatible with the radiation hypothesis, 

preparaiion and Purification of the. Chemical Used , — Benzyl 
alcohol, containing slight impurities of benzyl chloride and benz- 
aldehyde, was heated under reflux with a strong solution of caustic 
potash. The product after separation from the alkali was fraction- 
ated to free it from as much water as possible, and finally dried by 
heating under reflux with, and then distilling from, freshly prepared 
calcium turnings. The alcohol obtained after careful refractionation 
had b, p. 206-2‘^. 

The alkalinity, as compared witli the estimation as sulphate, of 
the sodium used in the preparation of the oxide gave a purity of 
99-98 per cent. 

Sodium benzyluxide was best prepared by tlio following methods : 
(I) Sodium was clis.solved in an excess of benzyl alcohol in a current 
of pure dry hydrogen (obtained by electrolysis of dilute sulphuric 
acid), the liquid being warmed. The excess of benzyl alcohol was 
distilled off at as low a pressure as possible, because charring readily 
took place on heating too strongly. Finally, the substance was 
gently heated in a current of hydrogen. Alternative methods for 
the removal of the last trace of benzyl alcohol were used, such as 
extraction with small quantities of xylene, light petroleum, etc. 
The first method was found, however, to be the easiest from the 
practical point of view. 

(II } On addition of the correct q\iantity of .sodium to a solution 
of benzyl alcoiiol in xylene, previously purified by distillation over 
that metal, solution slowly took place. After removal of the 
xylene by distillation under diminished pressure, the product was 
filially purified from xylene by lieaiing at 100° in a stream of 
hydrogen. When obtained pure, the compound consisted of white 
flakes which Mere only slightly hygroscopic and could be kept for 
some considerable period in a vacuum desiccator over paraffin 
(Found : Na ~ 17-67, 17-71. Calc., Xa — 17-09 per cent.). 

Owing to the* great difficulty of purchasing pure iodides, nearly 
all such used in this research were syiilhesiseil. From purified 
methyl and ethyl alcohols the corresponding iodides were obtained 
hy the standard method, by addition of iodine to red phosphorus 
and the alcohol, using a 10 per cent, excess of iodine (methyl iodide, 
h. p. 42-5°, ethyl iodide, b. p. 72-4"). The yield was considerably 
increased by treating the reaction product, after keeping for twenty- 
four hours, with a small quantity of w-ater and heating under reflux. 

n -Propyl alcohol was obtained from propyl acetate and con- 
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verted into the corresponding iodide (b. p. 102’0 ) by the usual 

^"iSopyl iodide, prepared from glycerol, was finally obtained 
pure only by careful fractionation in almost complete absence of 

‘"t'sutyl'aklol wa-s isolated from fermentation butyl akohol 
teeful fractionation of a sample gave 13 per cent and 49 per 
cent of distillate boiling at 115-116° and 116-117 respective y, 
These fractions wore mixed, dehydrated over po— n carbonate. 
Ume and finally calcium turnings, and again distilled. After two 
frTctionations. ttie alcohol, b, p. liri-llC-5°/756 mna., was accepte , 
u Butyl iodide, b. p. 129-6°, was prepared by the s andard method 
woButyl iodide, b. p. 120-0°, w.as synthesised from isobutjl 

"’«°Hexyl iodide was obtained by destructive distillation of 
mlnnitol with hydriodic acid in the presence of carbon dioxide. 
ThT best yield was obtained by dissolving the mannitol m the 
requisite quantity of water, mixing with iodine, and finally adhug 
Xv phosphorus until the solution was colourless^ Ibis mixture 
was belted under reflux for twenty minutes and the sre.-hexyl 
MdXtilled off under slightly diminished P” “ 

. of carbon dioxide. Careful fractionation under 

(<50mm.) gave the deW product (b. p- 8o 0 /43 mm.) A 

specimen of Kahlbaiim's sec.-hexyl iodide mee with 

date, and after purification its reactivity was found to agree 

**'n^-Hept'ylSdrtb.°p. 203-5°) was synthesised from mheptyl 
alcohol Both , 1 . and .si-octyl iodides were Kahlhaum s cheruiA 
Hexadecyl iodide, m. p. 22°, was prepared 
by the general method of synthesis and was purified by prepa g 
isaturatod solution in alcohol at 20° and imrnersmg m a free ug 
mixture A second specimen was obtained by punficati 

both specimens showed good agreement. 

The iodides were purified by careful “ h 

sphere of carbon dioxide, they having been prewi s > Ima^ 
dilute alkali solution to remove iodine, washed 
and dried over calcium chloride. After a hii ‘ 
freshly ignited silver, under such a pressure that i ^ P 
not take place, the iodides were kept bottle 

small quantities of ignited silver and calcium alcohol 

The solvent, ethyl alcohol, used was Jl jj^sh qai* 

which had been boiled under reflux and distilled 
lime; the last traces of water were reraoied by _ 
reflux and distilUng over freshly prepared calcium tu g 
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distillate was collected in a receiver provided with a drying-tube, 
and transferred to well-stoppered, green-glass bottles. 

Results. 

Only one complete experiment is given with each iodide, the 
other results being summarised for economy of space. The experi- 
ments selected are given at different temperatures in order to 
imlicate the trustworthines.s of the results at the lower and higher 
temperatures. In this series of experiments each mixture con- 
sisted of b c.c. of A^/5-sodiuin benzyloxide and 5 c.c. of /5-solution 
of the iodide under investigation. In all cases the acid was A^/40- 
hydrochloric acid and y = 40. 


Methyl iodide. Ethyl iodide. 


Temp. 

0". Zero 

38-65 c.c. 

Temp. 

30”. Zero 

= 39-00 c.c. 

/ (mins.). 

{a—x) c.c. 


Jt'x 10^ 

t (mins.). 

{a—x) c.c. 

X. 

k' X i0«. 

120 

37-00 

1-65 

3716 

15 

38-20 

0-80 

1396 

330 

.34'40 

4-25 

3744 

60 

36-00 

300 

1389 

013 

31-43 

7-20 

3720 

11.5 

33-60 

5-40 

1397 

900 

28-95 

9-70 

3723 

180 

31-20 

7-80 

1389 

1204 

20'50 

12-15 

3722 

255 

28-90 

10-10 

1375 

1530 

24-00 

14 0.5 

3715 

360 

26-06 

12-94 

1379 

1935 

22-55 

16-10 

3689 

425 

24-70 

14-30 

1367 

2413 

2045 

18-40 

3685 

465 

23-70 

15-30 

1389 

k' (mean) = 0-0003714 


k' (moan) = 0-001391 


k^k 

X 400/38 

65 = ( 

■003844 

k -=k 

X 400/39- 

30 = 0- 

01426 

n 

Propyl iodide. 


isoPropyl iodide. 


Temp. 

OO”, Zero 

= 33-90 c.c. 

Temp. 

30'’. Zero 

= 39-4 

e.c. 

t (mins.). 

{a—x) c.c. 

X. 

fc'xio^ 

t (mins.). 

(a — a-) c.c. 

X. 

il-'xlOx 

4 

32-35 

1-65 

1278* 

180 

3730 

2-15 

3202 

8 

30-85 

3-05 

1236 

380 

3 5- 05 

4-40 

3304 

12 

29-60 

4-30 

1211 

620 

32-75 

6 70 

3300 

17 

28-00 

5-90 

1240 

860 

30-80 

8-6.5 

3265 

24 

26-20 

7-70 

1225 

1 1 t;o 

28-65 

10-80 

3248 

33 

24-20 

9-70 

1214 

1520 

26-30 

13- 15 

3290 

43 

21-85 

12-05 

1226 

1960 

24 00 

1.5- 4.5 

3284 

60 

19-40 

14-50 

1246 

2260 

22'75 

16-70 

3248 

k' (mean) = 0-01228 


k' (moan) = 0-000 

1268 


k - fc 

' X 400,33 

90 = 0-1440 

k = k' 

X 400 39-45 = 0-003314 

n 

-Butyl iodide. 



.5oButyl iodide. 


Temp. 

40”, Zero 

= 38-95 c.c. 

Temp. 

60”. Zero 

= 34-3 

0 c.c. 

1 (mins.). 

(f<— U.’) c.c. 


k'x 10”*. 

t (mins.). 

(a — j.') e.e. 

.r. 

k'x 10* 

43 

30-80 

2-15 

1298 

6 

32-20 

2 10 

1086 

103 

34-60 

4-35 

119.5* 

13 

30-00 

4-30 

1103 

200 

3M0 

7-85 

1262 

20 

28-20 

6-10 

1081 

280 

28-72 

10-23 

12 72 

3(> 

2.5-70 

8-60 

1115 

370 

26-50 

12 45 

1270 

40 

23-<s:) 

10-4.5 

1095 

480 

24-4() 

14', 55 

1243 

,50 

22-26 

12 04 

1081 

030 

21-46 

17-49 

1293 

60 

20-70 

13-60 

1005 





71 

19-35 

14-95 

1088 


k' (mean) = 0 001 273 k’ (mean) := 0 01093 

k^k' X 400/38-95 = 0-01307 k == k' x 400/34-30 = 0-1273 


* Figures thus marked are not included in computation of averages. 

3u* 
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tVoAmyl iodide. 


sec.-Hexyl iodide. 


Temp. 30°. Zero = 39-15 c.c. 


(mins.). 

(a— a;) c.c. 

ar. 

it'xio^ 

120 

38-30 

0-85 

1888 

360 

36-50 

2-65 

2017 

770 

33-95 

5-20 

1989 

1140 

31-90 

7-25 

1994 

1620 

29-60 

9-65 

1992 

2200 

27-20 

11 95 

1996 

2820 

25-05 

14-10 

1996 

3160 

24-05 

15-10 

1987 


k' (mean) = 0-0001983 
k -=k' X 400/39- 15 = 0-002027 


Temp. 50°. Zero = 30-90 c.c. 


t (mins.). 

{a—x) c.c. 

X. 

k’ X 10*. 

15 

34-30 

2-60 

5054 

30 

32-10 

4-80 

4948 

45 

30-15 

6-76 

4975 

65 

27-85 

9-06 

4999 

85 

25-95 

10-95 

4964 

105 

24-30 

12-60 

4939 

135 

22-10 

14-80 

4962 

165 

20-20 

16-70 

5009 


k' (mean) - 0 004980 
k ^k' X 400/36-90 - 0 05405 


«-Heptyl iodide. 


Temp. 40°. Zero = 38-95 c.c. 


[mins.). 

{a-x) c.c. 

X. 

fc'xlU*. 

40 

37-10 

1-85 

1247 

105 

34-40 

4-55 

1260 

175 

31-90 

7-0.5 

1263 

260 

29-35 

9-60 

1200 

360 

26-85 

12 10 

1252 

470 

24-45 

14 50 

1202 

590 

22-40 

16-55 

1252 

710 

20-50 

18-45 

1268 


k' (mean) =- 0-001258 
k =-k' X 400/38-95 ^ 0-01292 


n-Octyl iodide. 


Temp. 50°. Zero = 37-70 e.c. 


(mins.). 

((T — z) C.C. 

X. 


15 

35-78 

1-92 

3.578 

35 

33-55 

4-15 

3534 

5.) 

31-55 

6-15 

3543 

80 

29-40 

8-30 

3529 

110 

27-10 

10-60 

3556 

150 

24-58 

13 12 

3558 

200 

22-05 

15-65 

3549 

260 

19-60 

18-10 

3551 


k' (mean) — 0-003550 
k k’ X 400/37-70 - 0-03767 


-Octyl iodide. 


Temp, 30°. Zero 39-00 c.c. 


t (mins.). 

(« — a:) c.c. 

x. 

k'y. 10’. 

75 

37-80 

1-20 

4233 

195 

36-00 

3-00 

4274 

395 

33-40 

5-60 

4245 

625 

30-80 

8-20 

4259 

900 

28-10 

10-90 

4310 

1255 

25-60 

13-40 

4170 

1648 

23-05 

15-95 

4201 

1880 

21-60 

17-40 

4284 


k' (mean) -- 0-0004247 
k ^ k' X 400.39-00 0-004356 


Hexadecyl iodide. 


Temp. 60°. Zero — 35-20 e.r. 


i (rains.). 

(rt — r) c.c. 

X. 


5 

33-45 

1-75 

10280* 

12 

31-90 

3-30 

8620 

22 

29-55 

5-65 

8692 

33 

27-35 

7-85 

8702 

45 

25-40 

9-80 

8574 

60 

23-20 

12-00 

8620 

80 

20-85 

14-35 

8600 

95 

19-35 

15-85 

8624 


k' (mean) - 0 008633 
h k’ X 400/35-20 - 0-09813 


* Figures thus marked are not included in computation of averages. 


The further experiments demonstrating the elTcct of temperature 
on the velocity coeflicient are .summarised in the fallowing 
Each experiment is duplicated. 
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Summry of Results Expressed as k x W at Various 
Temperatures. 


Iodide. 

0^ 

20°. 

30°. 


Methyl 

3844 

3828 

51340 

51600 

158900 

160100 



20“. 

30°. 

40°. 

50°. 

Ethyl 

4143 

14200 

45500 

137800 

4140 

14200 

455G0 

130000 


30°. 

40°. 

50°. 

60°. 

w-Propyl 

5590 

17580 

51240 

144000 


5489 

1 7870 

51140 

143000 

fwPropyl 

3314 

10330 

30430 

82210 


3307 

10380 

30630 

81300 

n-Butyl 

4012 

13070 

37750 

102900 


4010 

12880 

37620 

103300 

woBatyl 

5200 

Hi3.50 

48890 

127500 


5215 

10400 

48910 

128300 

(wAmyl 

2027 

7270 

20960 

51260 


2041 

7242 

20820 

51400 

m'. 'Hexyl 

5705 

18320 

540.50 

145700 


5771 

18280 

54100 

146300 

tt'Heplvl 

4007 

12920 

37740 

101400 


4008 

13030 

37690 

101800 

n-Oetyl 

4005 

12730 

37670 

98630 


4000 

12750 

37730 

99600 

«ec. -Octyl 


13940 

41370 

113100 


4348 

13970 

41210 

112900 

Hexactocyl 

4144 

1 2750 

30600 

981.30 


4140 

12780 

30200 

98400 


iJiscussiou of Results. 

Ihe reiatioiiKliip between tlie reciprocal of the abj^olutc temper- 
ature and the logarithm of the velocity constants is, with the exception 
of iwamyl iodide, best expressed grapliieally as a straight line, 
^^hi^st the, results at the highest temperature gives values slightly 
below such a straight line. 

A simple relationship of this tv)>e can be represented by the 
equation ‘ 


here and arc the velocities of reaction between an iodide 
and sodium benzyloxidc at temi>erature 7\ and respectively, 
flio obtained by use of this equation are summarised in 

aM shows the values for aud k^^ calcul- 

u ^ comiiared with the results 

determined by direct experiment. 


3u*2 
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Iodide. 

jfc40«XlO« 

(calc.). 

(oba.). 

few" X 

(calc.). 

*60‘XlO' 

(obs.). 

Methyl 

Ethyl 

5001* 

4577 

5147* 

4557 

408-6* 

414-3* 

n-Propyl 

1733 

1772 

15080 

14450 

n-Butyl 

1270 

1298 

10470 

10310 

n-Heptyl 

1275 

1285 

10460 

10149 

n-Octyl 

1274 

1274 

10460 

9911 

Hexadeeyl 

1270 

1276 

9863 

9826 

woPropyl 

1041 

1033 

8390 

8221 

woButyl 

1654 

1637 

13550 

12791) 

MoAmyl 

676-6 

725-9 

6030 

5t.S3 

«w..Hexyl 

1829 

1830 

14970 

14600 

sec.-Octyl 

1300 

1305 

11400 

11300 


* Values of x 10^. 


Fiq, 2. 



The above tabulation shows that results obtained at varying 
temperatures are satisfactorily expressed by such an equation; 
which is deduced on the basis of the quantum theory. 

By comparison of the velocity coefficients of the different iodides 
at the same temperature we can obtain values for the relative 
reactivity. 
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Relative reactivity at 


Iodide. 

20°. 

30°. 

40°. 

50°. 

60°. 

Methyl 

Ethyl 

1248 

100* 

1150 

100* 

100* 

100* 

[1001 


39-5,5 

38-89 

37-41 

39-25 



28-18 

28-48 

27-58 

2800* 

?j-Heptyl 


28-16 

28-19 

27-55 

27-54 

ji-Octyi 


28-15 

27-96 

27-54 

26-93 

Hexadecyl 


29-11 

28-00 

26-74 

26-75 

isoPropyl 


23-19 

22-67 

22-32 

22-34 

I'ioBntyl 


36-59 

35-94 

35-73 

34-74 

woAmyl 


14-29 

15-89 

15-26 

13-91 

^fc. -Hexyl 


40-53 

40-16 

39-52 

39-67 

#ec.-Oetyl 


30-59 

30-61 

30-16 

30-70 


♦ Denotes standard of comparison. 


Fiq. 3. 



mTfatiQn of relntlva reactlvit}f, obiainal on the basis of equal 
mokcular eniropij change, with molecular weight of the iodide. 


The relative reactivities at r>0° in comparison with the molecular 
■weight are shown in Fig. 2. The relative reactivity thus expressed 
varies somewhat with temperature. 

The diagrammatic representation of the product of the molecular 
^\eighj: and the velocity coefficient plotted against the molecular 
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weight of the iodide is shown in Fig, 4, but it does not seein 
possible to reduce these values t6 a simple general expression. 

Considering the case of two different iodides reacting inde, 
pendentiy with sodium benzyloxide, the variation of reactivity 
with temperature can be expressed by the equation h ~ 
where AJT — molecular entropy change in any given case in 
passing from the inactive to the active form. If the velocity 
coefficients for the reactions for the two iodides under the con. 


Fiq. 4. 



dition of equal molecular entropy change are compared, A' jT - 
A" jT” ~ 0, and tlierefore jk" ~ temperature is 

chosen to satisfy this condition, the relative activity is expressed 
as the ratio of the constants and k''^, which are independent 
of temperature. It is clear also that the ratio ifc/jfcp is the ratio of 
the velocity coefficient to the maximum velocity constant under 
the hypothetical condition of infinite temperature. In the case 
of two unitnolecular reactions, this reduces to the simple result 
that the relative activity thus expressed is the patio of the ifl' 
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trinsic velocity coefficients ” when the whole of the substances are 
in the active state. Also, the temperatures of equal molecular 
entropy change are the temperatures at which the “ degree of 
activation of the substances is the same. That these conclusions 
apply to the bimolecular reaction under consideration is shown by 
the following results. 

Vd. Rel. 

ccK-ff. react. 






XlO* 

(n-butyl Mean 


A (mean). 



at T° 



Iodide, 

AJT, 

T (ealc.). 

(calc-.). 

^^10), 

react. 

Methyl 

4510 

15-25 

295-8^ 

7210 

72-28 

) 



15-00 

300-7 

12690 

72-36 

y 7187 



U-75 

305-8 

22390 

70-96 

Ethyl 

4793 

15-25 

314 4 

5274 

53-53 

1 



1500 

319-0 

9354 

53-53 

1 53-6 



14-75 

324-9 

10900 

53-76 ^ 

n-l'ropyl 

47(>r) 

1 0-25 

312-5 

1065 

16-85 ' 

j 



15-00 

317-7 

2951 

16-90 

y 10-83 



14- <;> 

323-0 

52 S4 

16-75 , 

\ 

ji-Biityl 

4737 

]5'25 

310-7 

998-3 

10-00 1 

1 



15 '00 

315-8 

1752 


j- 10-00 



14-75 

321-1 

3155 

j 

ji-Heplvl 

4716 

15-25 

309-2 

830-0 

8-54 ] 




lo-Ot) 

314-4 

149t) 

8-49 

1 8-52 



1 4- < o 

319-7 

2607 

8-54 J 

r 

Ti-Oelvl 

4703 

1.5-25 

308-6 

703-8 

7-63 1 




1.5-00 

31.3-5 

1337 

7-73 ^ 

1 7-64 



14-75 

31S-8 

2388 

7-57 J 

Hexadoc-yl 

4024 

1.5-25 

303 3 

421-7 

4-26 ) 




1.5-00 

:;o8-2 

740-4 

4-28 

- 4-25 



14-75 

313-4 

1327 

4-21 ) 


1 . VO Propyl 

4095 

15-2.5 

308-0 

588-8 

5-87 ) 




15-00 

313-0 

1033 

5-90 

5-90 



14-75 

31S'4 

1878 

5-92 J 

(ioButyl 

40S3 

15-25 

307- 1 

843-3 

8-47 i 




1.5-00 

312 1 

1488 

8-50 

8-49 



14-75 

317-5 

2085 

8-51 J 

iftoAmyl 

4095 

15 25 

308-0 

397-2 

3-98 1 




1 5-(Xt 

313 0 

729-5 

4 14 

- 4 10 



14-75 

318 4 

1 320 

4-19 j 

xpf.-Hexvl 

4731 

1.5-25 

3103 

1358 

13-61 1 




15-00 

31.74 

2399 

13-70 ' 

j- 13-67 



14-75 

320-7 

4325 

13-:i J 

Sff. -Octyl 

4750 

15-25 

311-6 

1175 

11-77 i 




15-00 

316-6 

2032 

11 60 

r 11-70 



14-75 

322-1 

3698 

n-72 


The independence of temperature of the relativi 
in column six, 

? reactivity is clearly showi 


If we consider the variation of relative reactivity of the normal 
iodides studied, deduced on the basis of equal moleeular entropy 
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change as defined above, with molecular weight, we obtain a con. 
tinuous. curve (Fig. 3) which can be expressed , by the general 

equation , , , 

at/ 4- hm^ + cmy + dm + ey — i, 

where v is the relative reactivity and m the molecular weight. The 
constants have the values, a = - 0-0, 5907 ; 6 = - 0-03 6926 ; 
c = - 0-0, 2030 ; (/ = + 0'02448 ; e = + 0-1023. This gives the 
value for the relative reactivity 

— 20-o17h + 51-87 + (403-79/!^ — l(i66n + 1754-2)*, 
where n equals the number of methylene groups present in the 

The experimental results obtained and the values calculated hy 
aid of the above relationship are compared in the following table; 

Relative reactivity. 


Iodide. 

Ob^i. 

.... 71‘S: 

Calc. 

93-75 


.. .'‘ilVbO 

53-53 


.... U5'8:i 

16-94 


lOOU 

10-04 

,1 

Br.2 

S-12 

jj-ilcptyi * 

7^ _ (3 i?t L 

7 ‘1)4 

7-74 

Hexadccyl 

4-25 

4-12 


With the exception of ineth.yl iodide there appears to be good 
agreement. 

Summary. 

(1) The reaction between the alkyl iodides and sodium benzyl- 
oxide in ethyl-alcoholic solution is a bimoiecular one of a special 
type in which the velocity of reaction is dependent on initial 

concentration. . , , , xu 

(2) The presence of an excess of benzyl alcohol decreases the 

velocity coefficient, wliilst a trace of water gives a slightly increased 

coefficient. , , 

(3) The velocity of reaction incTea.ses witli dilution, and the 

equation k, - « log vjv, holds good for ethyl and ii-propyl 

iodides up to at least dilution v 10. i • r j . 

(4) The temperature coiffiicients of tlie reaction of alkyl loUicios 
wdth sodium benzyloxide in alcoholic solution are large; 1^’^ 

of the velocity coefficients for two temperatures differing by 1 ^ 
are fairly constant for the series and lie between 3*04 and 
approximately. 

(5) The coefficients found for the three lower temperatures 
in close agreement with the equation 

log i’j — log ^*2 = 
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In the case of the highest temperature, the values are found to be 
slightly less than those required by the formula. 

(6) The relative reactivities of the alkyl iodides with sodium 
benzyloxide in alcoholic solution are not completely independent 
of temperature, in the case of hexadecyl iodide the value crossing 
the value of the other iodides at the highest temperatures (Segaller’s 
results show the same change). 

(7) By comparison of velocity coefficients of the various alkyl 
iodides at the same temperature, results are obtained in fair agree- 
ment with previous investigations, for example, those of Hecht, 
Conrad, and Segaller. The values for methyl iodide do not agree 
nith those of Segaller, neither do they support the anomalous 
reactivity of methyl iodide described by Burke and Donnan. 

(8) The relative reactivities of the alkyl iodides studied are most 
conveniently expressed by comparison of their velocity coefficient 
under conditions of equal molecular entropy change, 

The author wishes to express his indebtedness to the Principal, 
ilr. S. Skinner, and to the Head of the Chemical Department, Mr. 
J, B. Coleman, of this Institute, for the facilities given (or this 
research, and also to Dr. J. C. Crocker for his unfailing interest. 

Socth-Wkhtern Polytechnic Institute, 

Chelsea. ^Heccived, Jdnuari/ IHth, 1922 .] 


CCXXIX .— ConMiiution of the Dlsaccharides, 
Part VL The Biose of Amy(jdalin. 

By Walter Nor.man Haworth and Cra('k (T-mming Leitch. 

Since the classical researches of Liebig and Wohler on amygdalin 
and “oil of bitter almonds'’ {Anuakv, ISIH, 22, I), there have 
been repeated attempts to estaldish the strueture of the sugar 
residue associated with mandelonitrile in this natural glucoside, 
It has been the endeavour the present authors to elucidate 
this problem by the application of a method, described in earlier 
papers in this series, which ha.s proved etlii'acious for determining 
the constitution of other tlisaccharides. 

Lebig and Wohler observed that alkalis hvdrolvse the nitrile 
group of amygdalin to carboxyl with liberation of'amnionia and 
ormation of amygdalinio acid. C6HyrH(C0jH)-0-C,2H,,0,„, This 
transformation has been shown by Dakin (T,, 1904" 85, 1312) to 
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LX inveiigation was initiated by subjecting amygdalin to 
the methylating action of methyl sulphate in the 
hydroxidi on the general lines previously indicated by e present 

Xncurrently with the formation of aniygdalinic acid by contact 
Uncurremiy hydroxyl positions 

heptamethyl aniygdalinic acid (V), having [ Ji. J 

a ■ V n of this compound by dilute acid led to the isolation 

whilst the biose was repre ntedby^^u^^^^^^^^^^ J 

IfexoseTriSves Tas tetrametliyl glucose of the usual butytaie 

the structure J the latter was delinitcly 

sponded form was shown by its ready «m- 

a glucose of th ^ ^ tetramethyl glucose which is the standard 

version into the ci ys ^ allocation of positions 

reference coiiipouiid ' - ^ ,, tlh, trimethyl glnoosc 

ES iXm- sn»ri;» i.... «. »»« .i» —* 

complex. formulie for such a trimethyl glucose; 

There are four possible ® “ j h,, .heady l« 

one of the four compounds is ciystal , , ^ 

isolated from methylated lactose am ^ ^ 

5a 55r::%s: : ».£«» - * 

5 ..». 

.0.1 H M .K, -l.li"n a . 5 „ „ 

trimethyl saccharic acid (HI). 
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.-CH-OH 

CHg-OH 

—CH-OH 

~CO 

1 ^H-OH 

CH-OH 

1 CH-OMe 
0 1 

1 CH-OMe 

1 (^H-OMe 

1 te-OH 1 - 

-CH 

^ (^H-OMe 

„ 0 
CH-OH j 

CH-OH 

L (in 

-CH 

CH-OH 

(in-OMe 

(^H-OMe 

CH, 0— 

-CH 

CH./OH 

CO-OH 

Biose of amygdalin. 

(I.> 

(II.) 

(III.) 

This last-named compound had already been 

encountered during 


our earlier investigation on maltose {Haworth and Leitch, T., 1919, 
115, 809), and such a lactone could only have been produced by 
oxidation of a trimethyl sugar of the constitution II. The evidence 
here adduced, together with the facts enumerated in the following 
paragraph, serves to assign the formula I to the biose of amygdalin, 
which, apart from the stereochemical reservations, is structurally 
identical with maltose. 

Complementary evidence is needed to sujjport the view that the 
amygdalin-biose belongs to the series of reducing sugars. Giaja 
[CompL rend., 1910, 150, 793) claims that the sugar is of the non- 
reducing type like trehalose. If this observation be correct, then 
the mandelonitrilo glucoside (prunasin), obtained by Fischer {Her., 
1895, 28, 1508) from amygdalin liy graded enzyme action, must 
contain a free reducing group in the sugar residue. But Fischer 
.states that this compound does not reduce Fehling’s solution. 
Moreover, Fischer and Bergmann {Her., 1917, 50, 1051) have 
recently synthesised the stereoisomeride of prunasin, namely, 
sambunigrin, by a scries of steps ^\'hieil exclude the possibility of 
a free reducing group remaining in the glucoside. 

The complete formulation of amygdalin may then be given (IV), 
and the following scheme shows the stages by which the proof has 
been developed in the course of the present work : — 


-OH— O--CH2 
'in-OH CH-OH 
rim 

-OH I CH-OH 
OH-OH CH-OH 
CH3-OH'-CH-0-CH(CN)-CV,Hi 


-CH 0— CHj 

„ CH-OMe (' H-OMe 

0 I i 

CH-OMe -CH 
-CH CH-OMo 

CH-OMe ^ CH-OMe 

CHj-OMc -CH-0-CH<[;*i;°‘^*'' 


Hoptainetbyl anugclalinie methyl 
ester (V,) 


Amygdalin (IV.) 
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|— CH-OH 
^ tn-OMe 
; IlH-OMe 

— — d^H + 

CH-OMe 

CHj-OMe 

Tetramethyl glucose. 

(VI.) 


CHa-OH 

CH-OMe 

t 

I CH-OMe ■ 
^ te'OMe 
6h-oh 

Trimethyl glucose. 
( 11 .) 


CO-OH 

d;H-OMe 

i-6h 

> 1 CH-OMe 

® diH-OMe 

1 t 

'—CO 

Monoloctono of trimcthy! 
saccharic acid, 
(III.) 


The disaccharide of amygdalin has therefore the structure of 
maltose and quite definitely cannot be cellobiose. For the stereo- 
chemical formulation of this maltose structure we are dependent 
on the researches of other workers on the selective action of enzymes, 
and here the results, if not conflicting, are certainly anomalous. 
Their results favour the view that the amygdalin-biose is a glucose 
a-glucoside. We have shown that this has the structure of maltose 
and therefore, on this reasoning, the biose itself must be maltose 
and amygdalin is raandelonitrile ^-maltoside (that is, mandelonitrile 
p-glucose a-glucoside). On the other hand, amygdalin i.s com- 
pletely hydrolysed, not by maltase, but by emulsin ; but it is 
explained that the specific action usually attributable to emulsin 
is operative here at the ^-linking adjoining the aromatic residue. 
The cleavage of the biose into glucose is said to be the function of 
amygdalasc present also in emulsin, but not responsible for the 
hydrolysis of p-glucosides. 

The conclusion we have definitely drawn assigning to the biose 
of amygdalin the same structural formula a.s maltose is contrary to 
the anticipated result, having regard to the statements of other 
recent workers based on studies (jf enzyme action and rate of 
hydrolysis. Should it ultimately be the case that the stereo- 
chemical representation of th(‘ biose is found to be that of a glucose- 
p-glucoside, this cannot, of course, affect the structural formula 
we have herein ascribed to the sugar, but it may point to the identity 
of the amygdalin-biose with fsomaltose or gentiobiose. Up to the 
present, the structural formulec of these la.st two disaccharides have 
not been determined, although their investigation is proceeding iu 
these laboratories. 


E X P E K I M E X T A L. 

M ethylation of AmygdaUn. Isolation of the Methyl Ester of 
Hepfamdhyl Amygdalinic Acid. 

The amygdalin required for the present work was 

with hot alcohol from bitter almond meal and wa? obtained ai 
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recrystallisation from ethyl alcohol as colourless prisms melting 
at 215° and showing [aj^ — 39*8° in aqueous solution (c — 1-54). 

Aroygdalin (25 grams) was dissolved in the minimum volume of 
water and methylated by the general method described by one of 
us (T., 1915, 107 , 11), using 50 grams of sodium hydroxide dis- 
solved in 160 c.c. of water, and 71 grams of methyl sulphate. The 
reaction was conducted at 70° during two and a half hours and was 
accompanied by a good deal of frothing, due to the elimination of 
ammonia. Thereafter tlie temperature was raised to 100° for 
three-quarters of an hour. At this stage of the operations, it 
was clear that, whilst partial methylation of the sugar residue had 
occurred, the nitrile group had simultaneously undergone hydrolysis 
to carboxyl by the agency of the alkali ; consequently the product 
was in the form of a .sodium salt of methylated amygdalinic acid. 
To the clear aqueous solution an exactly sufficient quantity of 
dilute sulphuric acid was added to liberate the organic acid from 
its salt. Excess of mineral acid was carefully avoided. Much of 
the sodium sulphate was removed from solution by means of 
alcohol, and the filtrate carefully concentrated under diminished 
pressure until only a viscous gum remained containing some sodium 
sulphate. The methylation was repeated with this product, using 
the same quantity of each reagent as before. At the end of this 
second methylation the aqueous solution was cooled, acidified Mth 
dilute sulphuric acid, and the pale yellow oil which now appeared 
on the surface extracted with chloroform. On the removal of the 
solvent, a yellow syrup remained which was acid and weighed 
19 grams {Found : OMe — 30-2 per cent.). 

A further quantity of the product may be recovered from the 
aqueous solution on concentration. The partly methylated 
amygdalinic acid was digested with silver oxide (25 grams) and 
methyl iodide (40 grams). From this further methylation, which 
was again repeated, a pale yellow, viscid syrup was isolated by 
the usual procedure. This was dried in a vacuum at 120° and 
gave OMe ^ 39-8 per cent. 

It was interesting to find that this product, which no longer 
showed an acid reaction, distilled smoothly under 0*02 mm. from 
a metal-bath heated at 270°. The colourless distillate, which was 
viscid, partly crystallised on keeping. On recrystallisation from 
light petroleum, the whole of the distillate ap]>eared as minute, 
colourless needles melting at 91”. Later, it was found possible to 
isolate this crystalline product from the crude syrup without dis- 
tillation (Found : 0 = 57-01 ; H - 7'5l ; OMe - 40*8. C28H440,3 
requires C ~ 57*14; H ^ 7*48; OMe — 42*2 per cent.). 

these analytical data correspond with those required for methyl 



HAWORTH AHD LEITCH : 


heptemethyl«mygdalinate and show that the disaecharide residue 
is retained in this compound, the seven available hydroxyl groups 
of which are protected by methyl groups. Further methylation 
failed to introduce a greater number of methyl residues. The 
specific rotation of this substance in different solvents is givei 

below : — 

Solvent. • 

2 49'3® 

Methyl alcohol " — 51.7 

Absolute ethyl alcohol ^ - 50' 8 

♦Water (containing 20 per cent, of ethjl _ sr. - 

alcohol) . 

* The compound is sparingly soluble m water. 

Hydrolysis of the Methyl Ester of Heptamethylamygdalink Arid. 
Comparative experiments with various concentrations of mineral 
acids indicated that the most satisfactory result was obtained by 
using 0 per cent, aqueous hydrochloric acid at 9o“ 

The material undergoing hydrolysis was initially sparingly 
soluble in aqueous acids. Preliminary attempts w'ere therefore 
made to effect hydrolysis with 5 per cent, hydrochloric acid in 
30 per cent, aqueous alcohol. The boiling point of this mixed 
solvent was found to be too low to effect complete hydrolysis; a 
very slight change occurred in the polarimctric readmg.s during 
four hours, the original value, [.]„ --55°, falling only to [a], 
_ 3->° A larger proportion of the material was dissolved in 
8 per cent, aqueous hydrochloric acid containing 20 per cent, of 
alcohol, and hydrolysis was complete in one and three-quarters 
hours, the final specific rotation being f 56°. Agam, with 16 pci 
cent, aqueous acid, digestion for half an hour showed a change 
from Tal - 56" to -f 44", but in the latter two cases shght darkenmg 
of the solution occurred. On the other liand, much more dilute 
hydrochloric acid (1-5 per cent, aqueous) required 
diee-stion at 100" to eiiange the initial value to [«]„ + -o , ana 
in this experiment one-third of the original material, havmg remamed 
UJidissolved, was recovered unchanged. ■ 

The following arc the figures recoixlcd in a typical *=^,1^™ 
conducted with 10 grams of methylated ‘‘“ygdalimo ester u. 
in this case 5 per cent, aqueous hydrochloric acid at 9o for 

hours , , , Corrected values for 

Corrected valiuH for > i fnr n'lantitv of 


Corrected values for 
[all, for quantity of Tune in 
fal sub, -it a nee dissolvetl. hours. 

liv 

+ 74 ^11-f 

14. S 22S 

2H 32-5 


[ajp. 

27-13° 

47-U ^3' 

constant 

(e-l*35) 
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In this experiment approximately 3*5 grams of the original 
material were recovered unchanged, and this was used in a subse- 
quent hydrolysis. Later, it was found that the addition of a little 
acetone aided dissolution in the initial stages, and led to the com- 
plete hydrolysis of the whole of the material in one experiment. 


Isolation of di- Mandelic Acid and Tetrarmthyl and Trimelhyl 
Glucoses. 

The acid solution, after hydrolysis, was neutralised with barium 
carbonate, filtered, and concentrated under diminished pressure 
at 40^ the mineral salts being removed from time to time by the 
addition of alcohol. An agglutinous solid residue remained on 
complete evaporation of the solvent. Trituration of this cake of 
material \rith chloroform separated the product into two parts : 
a solid, which was found to be barium raandelate, and a chloro- 
form solution of methylated hexoses. Solution of the white solid 
in dilute hydrochloric acid, followed by extraction with ether, led 
to the isolation of free, mandelic acid ^vhich, after recrystallisation 
from benzene, appeared in the form of large, colourless prisms 
melting at 116—118°, and w^as optically inactive. A mixture of 
this product with authentic (tt-mandelic acid (m. p. 118°) showed no 
depression of the melting point (Found : C = 62-75 ; H 5-22 per 
cent.), 

Racemisation of the mandelic acid residue had therefore occurred 
during the preceding operations (compare Dakin, loc. cit.). 

The chloroform extract yielded a colourless syrup, which \\m 
digested repeatedly with light petroleum. This treatment effected 
separation into two approximately equal portions and, from this 
■solvent, crystals melting at 84° wore isolated, whilst the insoluble 
portion rernained as a viscid liquid. Purilication of the crystals 
from light petroleum containing a trace of ethyl acetate yielded 
a compound molting at and this showed all the properties of 
butylene-oxidic tetramethyl glucose. A mixed melting-|)oint de- 
termination witii an authentic specimen along with the analytical 
and polarimetric data confirmed its iclentity (Found ; C == 50-76; 
d--8*6, OMc 51-39 per cent.). A specific rotation in water 
wed the value [a]jj -f 88-3°, falling after catalysis to the recog- 
nised equilibrium value, [x]j, f 83-2°. 

Remaining from the extraction with light pet role ujii was the 
inso u le portion of v^iscid liquid, which was subjected to dis- 
Ula ion in a high vacuum, when it was found that this substance 
mm. A methoxyl estimation gave 
a indicating tliat this substance was essentially a Irimcthyl 
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hexose containing, however, some trimethyl glucosan (Found; 
OMe — 43-8 per cent.). 

Accordingly, the whole of the distillate was digested for forty, 
eight hours at 114*^ in a sealed vessel with 0‘5 jrer cent, methyl, 
alcoholic hydrogen chloride. Thereafter, neutralisation with silvej 
carbonate and evaporation gave rise to a colourless liquid whidj 
distilled smoothly at lU‘'/0*07 mm. and showed [a}, -|- 
(c = 3-3) in aqueous solution, and ;<j> 1-4594. This compound 
was unaffected by boiling with Feh ling's solution (Found : - 

50'72; H ^ 8-5j OMe = 51*6. CnjHgQOg requires C 50*84; 
H = 8*47 ; OMe = 52*5 per cent.). 

The boiling point and specific rotation indicated that this tri- 
methyl methylglucoside was a mixture of a- and fJ-forms (compare 
Irvine and oldham, T., 1921, 119, 1758; Haworth, T., 191.5, 107, 
13). On hydrolysis with 2*5 per cent, aqueous hydrochloric acid 
at 95^, another specimen of the glucoside was transformed into the 
free sugar, and during this process the following polarimetric data 
were recorded 

Time (mins.) 0 60 120 180 270 330 380 

[aj„ 85-3° 82-7'^ 78-5= 74'3° 71-9'’ Tl-3^ 

I'onstaat 

Following isolation in the usual way, the free trimethyl glucose 
readily reduced Fehling's solution and showed 7?^ 1*4678 for the 
dried syrup. 

On another occasion, the portion of the material representing the 
trimethyl hexose was digested for twelve hours at 110*^ with 0*5 per 
cent, methyl-alcoholic hydrogen chloride, following throughout 
the conditions established by Fischer for glucoside formation. 
Isolation of the product by the usual method gave a colourless 
liquid, distilling at 109" /O *06 mm., which soon crystallised. Puii- 
fication from light petroleum gave colourless needles, melting at 
94*5°, representing the pure trimethyl [3 -methylglucoside as distinct 
from the mixture of i- and fi-stercoisonierides described in the 
preceding paragraphs. This was idt'ntical in all respects with the 
compound isolated by Irvine and Oldham {loc. cii\ although the 
melting point w’as slightly liigher. On hydrolysis with 8 per cent, 
aqueous liydroohloric acid for half an hour, the free trimethyl glucose 
was regenerated. 

When the trimethyl methylglucoside was subjected to further 
m ethylation by Purdie's reagents, a fifth metliyl group was intro- 
duced. Hydrolysis of this product gave rise to the crystalline 
tetramethy) glucose of the usual butylene oxide form. Proof was 
thus furnished as to the oxide linking in the trimethyl glucose, 
which is definitely butylene-oxidic. 
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Oxidation of Trimethyl Glume. 

This sugar, obtained from the hydrolysis of its glucoside as 
described in the previous section, was oxidised with dilute nitric 
acid {d 1'2) by heating for six and a half hours at 68°. The usual 
methods for the removal of the nitric acid and water having been 
applied, the residue was dried in a high vacuum, when a pale yellow 
syrup remained (Found ; C = 46'08; H ^ 6-28; OMe ~ 40d. 
CflHjiO; requires C 46-15; H 5-98; OMe == 39-7 per cent,). 

On titration with iV/lO-alkali, the compound showed at first 
th(^ behaviour of an organic acid, and latterly of a lactone. By 
heating for a few minutes with excess of alkali, followed by neutral- 
isation with A'/ 10-acid, it was observed that 0*1242 gram of the 
substance required 10-47 c.e. of A^/ 10-sodium hydroxide, whilst the 
monolactone of trimethyl saccharic acid (CgHi^O-) requires 10-6 c.e. 
(compare Haworth and Leitch, loc. cit.). The specific rotation of 
this monolactone in 50 per cent, aqueous ethyl alcohol showed 
^ 69-2° initially, falling to 4-51*2° after one hundred hours. 

The authors express their thanks to the Carnegie Trust for the 
award of a research assistantship to one of them during the initial 
stages of this investigation, which was begun in the laboratories of 
the United College, University of St. Andrews. They are also 
grateful to the Chemical Society for a grant for materials. For 
assistance in the preparation of materials required in this research 
we are indebted to Mr. Birkett Wylara, a student in training under 
the Department of Scientific and Industrial Research. 

University of Durham, 

Armstrong College, 

Newcastle-upon-Tyne. [Received, March 2m, 1922.] 


CQ^XX- AmijUms of the Cereal Grains~The 
“ Insobible ” Amylase of Barley. 

By Julian Levett Baker and Henry Fr.\ncis Everard Hulton. 

In previous papers (Baker, T., 1902, 77, 1177 : Baker and Hulton. 
I i 19l 1, 119, 805), the differences in the character of the amylase 
in some ungerminated and germinated cereals were described, 
ue fundamental distinction is the production of maltose and 
* amyo extrin possessing a blue iodine reaction when the amylase 
Of ungerminated cereals is allowed to act on gelatinised starch, 
teas a germinated cereal produces, under similar conditions, 
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maltose and a series of dextrins of decreasing molecular complexitv 
which do not react with iodine. 

For some years past it has been recognised that ungerminat^^ 
cereals contain more amylase than is yielded by aqueous extrac. 
tion in the cold, and Ford and Guthrie (J. Inst. Brewing, 1008 
14 , 61) elaborated this point by showing that an enhanced degree of 
amylolytic activity of barley could be rendered evident by one or 
all of the following methods : (a) Allowing the solid barley substance 
Instead of its aqueous extract to act on starch, (b) autodige^ition ■ 
that is, the preparation of the aqueous extract for a prolonged time 
at a temperature of 30°, (c) the addition to the barley during such 
autodigestion of certain salts and proteins, (d) the addition to 
the barley during autodigestion of the active proteolytic enzyme 
papain. The filtrates obtained from these digestions were allowed 
to act on soluble starch at 40° for one hour under conditions pn*. 
eluding the formation of more than 3o per cent, of maltose by woight 
of the starch employed (Kjoldahl, Compt. rend. Trav. Lab,, Carh 
berg, 1879, 1, 109) and the weiglit of maltose so formed was taken 
as a measure of the amount of amylase present. These workers 
concluded that the increases in amylolytic activity obtained by the 
use of papain were due to liberation and solution of the colloifkl 
enzyme and to its protection from destruction in an aqueous 
medium. When ungerminated barley is treated with saline or 
other solutions, the complex protein groups decompose or (ii.s.so- 
ciate to some extent, the active amyla.se being liberated. >Should, 
however, there be an insufficient amount of amphoteric substanccss 
(proteins and salts) present, such amylase is gradually de.stroyed 
to a degree dependent on the hydrog(ui-ion concentration of the 
medium and the duration of the (>xpo.sure. 

Throughout Ford and Guthrie s W'ork, the activating effect of 
autodigestion, papain, etc., was studied Ujion the entire barley 
material, which, of course, contained water soluble amylase. Any 
increase in amylolytic activity so obsiTVi'd would therefore include 
the effect of such treatment on this soluble amylase as well as tliHl 
caused by any production, protection, or liberation of otlienvise 
insoluble amylase. 

At this point, it will be conveniimt to refer to some work we 
published {Hep. Brit. Assoc^., 1909) on the action of the enzymes of 
malt on ungerminated barley. We showed there was an increase 
in the dia static activity of barley wlien digested in an aqueous 
medium wnth malt, and gave reasoms for our heli(‘f that this could be 
accounted for by the presence of a proteolytic enzyme in the malt 
It was hoped a continuation of tfie work might be the means of 
throwing further light on some of the problems associated with 
germination. 



CBBBAL GRAINS— THE “INSOLUBLE” AMYLASE OF BARLEY, ]931 

The use of malt as a source of the proteolytic enzyme has its 
disadvantages, since it is always accompanied by malt amylase 
and therefore involves the complication of control conversions, 
whereas the employment of a preparation of papain— which we 
liave assured ourselves is entirely free from amylase— avoids these. 
The remainder of the work to be described has accordingly been 
carried out with papain. 

Since Ford and Guthrie {loc. cit.) have shown that an active 
amylase is liberated from barley by papain, we thought it possible 
that the mechanism of the production of amylase in germinating 
barley might be further elucidated by allowing papain to act, not 
on the entire barley, but on barley wdiich had been successively 
treated with suitable solvents in order to effect the elimination 
of the different proteins. By such means it was hoped to identify 
the particular protein group associated witli the amyla.se liberated 
be papain. We accordingly autodigested barley first with water, 
thereby extracting the albumins and soluble amyla.se, the residue 
was next extracted with 10 per cent, sodium chloride .solution to 
remove the globulin edestin, and a final extraction with 7o per cent, 
alcohol eliminated hordoin. Portions of these three residues were 
suspended in water, and further autodigo.sted alone or with the 
addition of papain, the mixtui-es being kept at 30—33^ for twenty 
hours in presence of a little toluene. A ]>ortion of the filtrate W'as 
then allowTd to act on soluble starch for one hour at 40“ and the 
amount of maltose so produced det(^rinined. The ex|)erimental 
evidence cited below shous that pa])ain can liberate amylase from 
the water-extracted re.siduo, and to a v(Ty slight extent from the 
residue after salt extraction (globulin-fi’ce material), wlulst that 
portion from which hordcin had been removed by alcohol .sho\ved 
no such activity. 


E X P E R I E N T A L . 

Finely ground barley W'hich had a diastatic activity of 22® 
Lintner was extracted for twenty -four hours witli water containing 
aiittic toluene at air temperature, ])umped dry, and again extracted 
for another twenty -four hours with wattT at 3;V (autodigeslion). 
This residue, which contained 54 per cent, of moisture, had a Lint- 
ner value of only 0*22® on dry matter, thus .showing that practically 
all (99 per cent.) the soluble amylase iiad been removed. Before 
proceeding with the examination of tliis residue by extraction with 
salt and alcohol, a starch conversion was maile to determine the 
general character of the amyla.se liberated when barley so extracUnl 
was submitted to digestion with papain. A ]X)rtion was accord* 
ingly^digested with 10 per cent, of its weight of jmpain for two hours 
at 37® in the presence of water; 2tX) c.c, of 2 per cent, soluble 
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starch were added to it and the conversion allowed to proceed for 
one hour at 21°. The reducing power in terms of malk)8e per 
100 grams of starch was 50 per cent., the iodine reaction being blue, 
When fractionated with alcohol in the usual manner, crystallisable 
maltose and a-amylodextrin were readily isolated in a state of 
purity. The newly liberated amylase responsible for this con- 
version is thus clearly of the barley type; it does not liquefy 
starch paste, and in no way resembles the characteristic enzyme 
produced when barley is germinated. Even when the time of 
digestion with papain was extended from two hours to four days, 
an identical type of conversion resulted. 

Having shown that by such treatment a notable quantity of 
amylase is liberated, it was decided to continue the investiga- 
tion on a quantitative basis by submitting the residues from the 
various extractions (water, salt, alcohol) to the test of maltose pro- 
duction under strictly defined conditions, and for this purpose 
those described by Eord and Guthrie (/oc. cit.) were adopted, namely, 
the measurement of the maltose produced from excess of soluble 
starch for one hour at 40°, the results being recorded as grams of 
maltose per gram of dry barley. 

Grams of maltose produrod per gram of dry raaterial 



(1) 

(2) 

Residue after 
aqueous ex- 
traction 
under auto- 


Original 

digestion 

Treatment. 

barley. 

conditions. 

Autodigestion with water 

202 

20 hours at 33 — 


Autodigestion wit h 

the 

4 31 

addition of papain 

n-2 


(3) 

(4) 

Material as 

Material as 

in col. 2 after 

in col. 2 after 

extraction 

extraction 

with 7.'i% 

with 10% 

alcohol. 

NaCI. 

0 

0-16 

0 

0-83 


Ten grams of the material after successive extractions with wafer, 
sodium chloride, and alcohol in the manner described were digested 
with (a) 125 c.c. of water, {h) 125 c.c. of water eontaming 0'3grara 
of papain, for twenty hours at 33" in the presence of toluene^ the 
digests were then filtered and a suitable volume was added to 
70 c.c. of water containing 2 grams of dry soluble starch m solution. 
The eonversion.s were maintained at 40" for one hour, at t e en 
of which time the reaction was stopirod by dilute soda, the w oe 
cooled, made up to 100 c.c., and the maltose estimated by t le 
of Fehling’s solution. From this figure wa.s calculated the weigt 
of maltose formed per gram of dry material. In oases, 
volume of the digest added to the soluble starch solution was a 
arranged that the reducing power did not exet^ed 
maltose on the starch used. It is only by taking such p 
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bat the maltose produced becomes a true measure of the amount 
)f amylase present. For purposes of comparison, the original 
parley used has been included in the table. Corrections were neces- 
ary for the reducing action of the papain and of the sugars in the 

Dailey • 

These results show that barley previously submitted to a pro- 
longed autodigestion in water (col 2) is capable of yielding a further 
[quantity of soluble amylase if it be again digested either with 
water alone or with papain, and it is probable that the liberation 
of amylase under such conditions would be continuous until all of 
it is removed. The effect of papain is very marked, the increased 
amount of amylase liberated exceeding twice that yielded by 
autodigestion alone. 

A further point brought out is that no amylase can be liberated 
in a material from which the hordein fraction has been removed, 
and in view of this, it might be anticipated that it is mainly from 
this protein group that papain-liberated amylase arises. Attempts 
to produce liberation of amylase by means of papain from a prepara- 
tion of hordein itself made from barley were unsuccessful — a result 
in agreement with a similar attempt by Ford and Guthrie {loc. cit.), 
but we differ from these workers with regard to the behaviour of 
the hordcin-free barley residue left after alcohol extraction, for 
they recorded a considerable amylolj’tic activity from such material 
on treatment with papain. It is possible, how ever, that the cause 
of the discrepancy is to be found in the fact that our material was 
extracted with water before treatment with alcohol, whereas Ford 
and Guthrie’s barley was apparently extracted direct with alcohol 
only, and thus some amylase soluble in water but not in alcohol 
may have been left behind to function as the so\irce of the 
papain-activated enzyme they found. 

It appeared to us likely that this que.stion might bo attacked from 
a slightly different standpoint w ith the view' of determining w’hether 
the ainylolytic activity rendered available by the use of papain w’as 
really present in the barley substance all the time but in the form 
of an insoluble zymogen or enzyme-complex which the papain 
broke down, or w^h ether such additional amylase Avas an actual 
cleavage -product of some protein liberated by the proteolydic 
action of the papain. If the former is the truth, tlien it Avould 
appear probable that papain Avould produce no amylase if the 
original barley Avere previously heated so as to destroy any exist- 
ing enzyme before the digestion A\'ith papain, wlicreas if the ncAA* 
amylase is in truth a function of some proteolytic cleavage product, 
then it should be possible to produce it by acting on dead ” or 
heated barley protein. An experiment to test this ix)int was made 
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by acting on boiled or heated (120^) barley with papain undcf 
autodigestion conditions. The results, however, were negative 
and therefore it must be concluded that when amylase is liberated 
by papain tiie enzyme W'as pre-existent in the barley as a complex 
which URs broken down by proteolytic action. 

The conception of amylase as a cleavage- product formed as the 
result of proteolytic action on a non-amylolytic substrate is aji 
attractive one, and docs not seem to have been directly suggested 
by Ford and Gutlirie, who lean more to the “ protective '* and 
“ liberation of occluded enzyme ” views of papain action, bet in 
view of this last experiment together wdth our failure to obtain 
amylase by the action of papain on hordcin, it w^ould seem ueces. 
sary to abandon it, and we must fall back on Ford’s alternative 
hypothesis that the appearance of additional amylase when papain 
is employed is due to the proteolytic breaking -down of some com. 
plex formed by amylase with a protein substance. In any case 
so far as we have found, suci\ liberated amylase is always and only 
of the barley type, which fuel unfortunately throw’s no light on 
the appearance during the germination of barley of the character- 
istic malt amylase with its strong Ikjuefying action towards starch 
paste, together with the non -product ion of the ot-amylodextrin with 
its blue iodine reaction, 


Coudusions. 

(1) The water-insoluble amylase of barley which is rendered 
soluble by proteolytic action (papain) is associated with the alcohol- 
soluble group of proteins (hordcin). 

(2) Since papain docs not liberate an amylase from isolated hor 
dein, or from barley which has been either boiled or heated to 120', 
it follow s that ]>apain iiberate.s amylase in virtue of its capacity to 
break down a pre-existent insoliil)le enzyme complex. 

(3) Such amylase, whcji thus liberated by papain, exhibits tlie 
characteristic properties of the soluble amylase of barley. 

Th e La b< j RATO ta' , 

The tsT.Au Breweuv, 

Pimlico, S.W. L 2nd, 1922.] 


CCXXXL~-7Vtc Sydciii Chromdm Ih'ioxuk-Sulphur 
Trioxide- Wakr. 

By Lionel Felix Oilbekt, Harold Buckley, and 
Irvine Masson. 

Gay-Lu.s.sac (/Loo ch’m. 1821, [iij, 16 , 102) mixed sulphuric 
and chromic acids and obtain etl red quadrangular prisms to which 
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lie ^ formula corresponding with CrOgjSOj.HjO. Fritsche 
I^J pr. ChfM., 1840, 19 , 176) ascribed Gay-Lussac’s results to con- 
tamination of solid chromium trioxide with sulphuric acid ; Bolley 
(iHii. chirn- pharm., 1845, 56 , 113) gave Gay-Lussac’s formula to 
an ochre-yellow, pasty substance obtained in a similar way. 
Schrottcr {Pogg^ Ann., 1843, 59 , 616) examined a yellowish-brown 
substance which he could not isolate completely, and attributed 
to it the probable formula GrO^jSSOg. Pictet and Karl [Bull. 


CrOj 



‘SV. dim., 1908, [iv], 3, 1114) prepared, hy the action of sulphur 
trioxide on chromium trioxide heated in a sealed tulie, a yollowish- 
l)rowii mass, to wlueh they gave the formula 003 ,^ 03 . All these 
iiivo4igaiors note tiic instability of the substances in air, and the 
liberation of chromium trioxide by the action of moisture. 

Having observed the peculiar behaviour of sulplniric acid towards 
chromic acid, wc have made a partial survey of the condensed 
ternary sysUmi GK^g -SOg-H^O by carrying out measurements of 
the solubilities of chromium trioxide at 25^ and at 45’ in suljjhuric 
'“icid of varying concentration, accompanied by direct and indirect 
aualy.^cs of tbe solid phases. 
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Both isotherms are almost coincident, and the data, moat of 
which are plotted in the diagram, show that there are three distinct 
regions, each with a minimum of solubility. The first region 
corresponds mth. chromium trioxide as the solid phase; the 
minimum solubility, 0-3 per cent, by weight, occurs in aqueous 
sulphuric acid of 70 per cent. H2SO4, and the transition to the 
next stage occurs in acid of concentration 85 per cent. H2SO 
Supersaturated solutions of chromium trioxide may, however 
be formed, even in highly concentrated acid. From this strength 
up to that of acid containing at most 95 per cent. the 

solid phase is a compound CrOy^SOg. With higher concentrations 
of sulphur trioxide the third region is entered and the solid again 
changes its composition, probably becoming Cr03,S03,H20. The 
solubilities of the complex compounds are small, but are sufficient 
to give a dark brown colour to the liquids. These substances are 
so finely divided as to be very troublesome to examine ; the com- 
pound CrOg.SOg is usually brown and minutely crystalline, but 
it may appear as a tawny amorphous sludge, and always does so 
when deposited from the higher concentrations of sulphuric or 
fuming sulphuric acid. The third solid is also tawny and apparently 
amorphous. Both forms are excessively hygroscopic, and liberate 
scarlet chromium trioxide on exposure. 

The attainment of equilibrium in these liquids, where the viscosity 
is not inconsiderable and the precipitates are in the form of slime, 
is slow. Continuous agitation for at least three days was allowed 
before examining the samples ; several experiments were made in 
which agitation was carried on for a fortnight without causing 
any change in the appearance of the solid or in the character of 
the results ; equilibrium was approached from both sides, and, it 
is believed, was attained in practically every case as far as the 
nature of the material will permit. 

Experimental. 

1, Procedure . — Two isotherms were studied, one at 25*0^’ and 
one, in less detail, at 45-0^. The components, concentrated or 
fuming sulphuric acid and chromium trioxide, were free from 
impurities by all ordinary tests. They Avere mixed in suitable 
proportions and put in glass tubes of about 100 c.c. capacity, 
which were then quickly sealed and transferred to a thermostat, 
where they revolved. Before samples were withdrawn, the tubes 
were placed upright in the thermostat so that the solid should 
segregate. Each tube was then opened and a sample of the liquid 
phase rapidly taken in a warmed pipette and Avas used to fill ^ 
density-bottle supported in the thermostat; the remaining liquid 
was decanted off as far as possible and vsome of the residual wet 
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-olid was rapidly transferred to a weighing- bottle. After being 
weighed, the samples were analysed. 

/ Method of Analysis. SoveT&l methods were tested and 
rejected, and the following was finally adopted. In one portion 
of the mixture, suitably diluted, the total acidity was determined 
with A'/lO-barium hydroxide, using as indicator phenolplithalein, 
the colour-change of which is not interfered with by the pale yellow 
precipitate of barium chromate. In a second portion, the chromium 
trioxide was estimated iodomctrically. Sulphur trioxidc and 
water are thus estimated by difference. Careful tests showed 
that the method for total acidity gives results accurate to about 
0-1 per cent.; and although a volumetric and differential method 
has obvious disadvantages, no other was found to be adequate 
for the present purpose. 

3 . Compositions of the Solid Phases. — (a) Direct analysis. Samples 
of ainori 3 hou 8 solid obtained from mixtures of chromium trioxide 
and 97 per cent, sulphuric acid were analysed after suction with 
dry air and storage on a porous plate; but although sulphur 
trioxidc was evidently a principal constituent, they were found 
to be insulhcieiitly free from liquid. A further preparation was 
therefore w'cll washed in a dry atmosphere witli specially anhydrous 
ether, in which both chromium trioxide and sulphuric acid are 
separately soluble. In the subsequent analyses, a small amount 
of the material was reduced by adherent ether when it was 
dissolved in water, which would augment the apparent w^ater- 
content at the expense of the content of chromium trioxide. The 
results gave molecular ratios CrOgiSOgiHgO = 1 : 1-22 : 1-49 and 
1 : 1’33 : 1-52. No other direct analyses were made. 

(h) Indirect determinations were made by analysing the wet 
solids, the compositions of which are given in the tables with those 
of the corresponding liquids. In the figure, the lines joining the 
compositions of solids and liquids are too numerous for all to be 
reproduced. It is certain, however, that the solid phase is CrOg 
up to a molecular concentration of about 32-5 per cent, of sulphur 
trioxidc in the liquid, and that it is essentially (’r 03 ,vS 03 from that 
3oint on to approximately 43 molecular per cent, of sulphur trioxide. 
iVhat remains uncertain, owing to the difficulties attending the 
^xact analysis of “ solids ” which were in reality chiefly liquid, 
is whether this compound may not contain small quantities of 
hther component adsorbed or in st)lid solution, the extremes of 
compo.?ition of the dry solid being Cr 03 ,M 5 S 03 and CrO 3 , 0 ' 88 SO 3 ; 
but, from the unsystematic nature of tlie deviations, w*e incline 
to the belief that they arise from this experimental cause and that 
the actual solid is CrOgjSOg. As to the region of liquids richest 
m sulphur trioxide, there is no doubt of the occurrence of a further 
VOL, OXXI, 3 X 
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change in the solid phase ; but, for the reasons already mentionetj 
and because only two samples at 25“ and one at 45® were examinetj 
the composition of the new phase remains in doubt. These data 
prove that it cannot be the compound CrO^jSOg, already defined- 
they do not quite exclude the possibility of its being an amorphous 
variety of chromium trioxide itself; but they harmonise best 
with the supposition that the third solid has the composition 
H^OjCrOa^SOg, intermediate between dichromic and disulphuiic 
acids. 

Table I. 


Mohadar percentages and densHks at 2o®, 



Liquid. 


Wet solid. 



Liq-uid. 


Wet solid. 

df. 

SOj. 

C 1 O 3 ? 

SO 3 . 

CrOj. 


'df. 

SO 3 . 

CrOj. 

SO 3 . 

CrO, 



0 

25-78 

— 



A 1-78S 

33-17 

1-58 

34-61 

6-83 '. 4 

1-678 

1-47 

21-10 


— 


1-803 

33-14 

1-02 

— 

! ■ 

1-669 

1-55 

20-69 

— 



1-808 

34-42 

1-38 

35-30 

5-95 j ■ 

1-650 

2-53 

19-27 

— 

— 


1-806 

34-29 

0-97 

35-34 

13-75 1 i 

1-626 

3-34 

17-41 

— 

— 


— 

34-54 

0-82 

— 

i 

1-579 

5-73 

13-20 


— 


1-799 

3.5-41 

0-80 

3605 

3' 19 jO 

1-520 

7-51 

0-70 




1-802 

35-89 

0-88 

3903 

14-73 11 

1-510 

8-86 

8-09 


— 



35-97 

0-04 

37-20 

5-93 ! P 

1-496 

9-99 

6-13 

— 

— 


1-801 

36-14 

0-54 

37-68 

6-27 p 

1-471 

11-78 

4-18 

— 

— 


1-818 

38-11 

0-71 

— 

— ' f 

1-460 

12-61 

3-38 

10-60 

16-95 

r 

2 1-837 

38-81 

M2 

— 

— i i 

1-479 

15-89 

1-17 


— 

5 1-809 

38-93 

M 6 

— 

; "H. 

i-482 

16-41 

Ml 



1-814 

38-27 

0-74 

39-80 

5-32 ? 

1-580 

22- 15 

0-14 

18-13 

19-50 

t 1-814 

37-79 

0-43 

39-35 

W-17 ,1 

1-610 

23-22 

Oil 


— 

-5 L814 

37-97 

0-41 

40-38 

9-08 1 * 

1-646 

2418 

0-14 

— 

— 

r 1-812 

38-14 

0-30 

39-16 

3-36 ; 

1-G80 

26 43 

0-23 

— 

— 

1-812 

38-69 

0-50 

39-17 

4- SO 1 ^ 

1-680 

27-18 

0-20 


— 


— 

38-75 

0-36 

40-50 

5-60 i : 

1-680 

27-31 

0-23 




1-823 

38-07 

0-36 

40-12 

8-48 / >' 

1-690 

27-56 

0-28 

— 

— 






A 

1-692 

27-62 

0-31 




— 

45-80 

0-44 

42-36 

8-98 - 

1-690 

28-17 

0-28 

-- 

— 


1-834 

47-01 

0-20 

45-13 

5-73 H 

1-721 

20- 19 

0-49 

— 



1-841 

51-78 

0-14 


~ - 3 ? 

1-728 

29-. 35 

0-55 

— 

— 


1 - 01.7 

57-50 

0-40 



— 

31-50 

1-33 

3()-48 

5-58 


~ 

58-94 

0-88 



1-756 

31-42 

0-97 

— 

— 







1-771 

31-93 

1-23 


— 







1-786 

32-64 

1-62 

-- 

— 

3 







Table II. 

Molecular percentages and densities at 45®. 


Liquid. Wet solid, 
df. SO3, CrOj. SO3. CrOj. 

K 

5-25 13-:9 4 15 3489)i 
16-73 1-00 U-53 37-491 -r^" 
22 01 0-17 14- n 34-92 
1-751 31-05 M6 19-35 36-62 1 ^ 

Y 


Liquid. Wet solid. 


df. SO 3 . CrOj. SO 3 . Ci'Oj. 

33- 5.5 1-15 36-69 13-99', 

34- 67 Ml 38-27 14-65 |p“ 

3o-40 1 06 41-24 15-77 1 f-'v 
37-07 0-63 39-88 11-52]:=? 

1-797 38-10 0-60 39-62 8-24 

1-814 42-26 0-38 44-11 W Y 

™ 45-67 0-30 44-06 3-80?B,O,CtO„S0i 


University College, London. [Received, August 29i/i, 1922.] 
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rQXXXll— Attempts to Prepare Med Sulphide Dyes. 
Part I. 

By Edwin Roy Watson and Sikiiieilushan Dutt, 

Sulphide dyes are kno\\Ti of all colours except red. On account 
of the fastness of this group of dyes to almost all agencies, a cheap 
red sulphide dye would be appreciated. The blue and black 
sulphide dyes are generally regarded as thiazine dyes containing 
mercaptan groups, and since the ordinary thiazine dyes have 
neither the affinity for cotton nor the fastness of sulphide dyes 
it is natural to attribute these properties in the latter rather to 
the mercaptan groups than to the thiazine chromophore. Attempts 
have already been made to prepare red sulphide dyes by intro- 
ducing mercaptan groups into red dyes of other groups (D.R.-P. 
181125; Fricdlander and Mauthner, Z. farh. Ind., 3, 333; Muller, 
iUd. 5, 357 : D.R.-P. 101462 ; Fichter, Frohlich, and Jalon, Ber., 
1907, 40, 4420; D.R.-P. 204772, 241085, 220628), but the results 
have not been very satisfactory. 

It was thought that in some of these cases the dyeings were 
not fast because the dyes contained ordinary auxochromes, such 
as amino- or hydroxyl groups, as well as mercaptan groups, and 
the presence of these ordinary auxochromes caused the dyeings 
to be stripped to a certain extent by acids or alkalis. Some sub- 
stances were therefore prepared containing chromophores and 
mercaptan groups, but no ordinary auxochromes. i-Benzeneazo- 
InaphthylmeTcaptan, CgHs-N.-CjoHg-SH, is soluble in sodium 
sulphide, but only dyes light brounish -yellow shades, pp'p"- 

is a colourless substance. 

The above idea not having borne fruit, it was yet hoped that 
mercaptan derivatives of dyes of the ^a^ious groups might prove 
more valuable red sulphide dyes than the compounds prepared 
by previous investigators {vide supra). 1 he wcll-kno^Mi influence 
of relative positions of chromophore and auxochromes on dyeing 
properties, colour, and fastness gave ground for this hope. But 
the various new compounds of the azine, oxazinc, phthalein, 
nitroso- and acridine groups which have now been prepared have 
all failed for one reason or another. '2-A?ni}iO-S‘thiol-l0-phenyl- 
pknazoninm hydroxide is a sulphide dye, but gives dull violet 
shades; Z-amino-l-dimethylamihoA-ihiolpheiiaziHe is a sulphide 
but gives reddish •bro\ra shades very sensitive to acids and 
alkalis; ^ 4 imethylamin 0 ’ 2 -ihiol'd-phawmzonc is soluble in sodium 
, sulphide, but gives only light indigo-blue shades: difhiolliuorcsccin 
, is soluble in sodium sulphide, but has no affinity for cotton from 

3x2 
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a sulphide bath; dmiirosothiolresorcinol is soluble in sodium 
sulphide, but has no alRnity for cotton; 2 : 8-dmmwo-3 : 
oendme is soluble in sodium sulphide, but only dyes light browa 
shades on cotton. 

The dithiolfl'iiorescein which we have prepared by condensation 
of thiolresorcinol and phthalic anhydride is perhaps identical with 
the thiofluoresceiii prepared by Maki {J. Coll. JEng, Tokyo Imp, 
Univ., 1920, 11, i, 1) from fluorescein and sodium sulphide, although 
our preparation is fluorescent in alkaline solution whilst Maki’s 
thiofluorescein is not. 

The preparation and properties of some mercaptan derivatives 
of azO'dyes and some new compounds used as intermediates in 
their preparation will be described in Part II. 

K X P E E I M K N T A L. 

Ethyl i-BenzeneazO’l-fmphthfjl Xanthate, CgHg’Na'CinHg'S-CS'OEt. 
— Benzeneazo-a-naphthylaminc hydrochloride (2-8 grams) was 
diazotised, the diazo- solution (150 c.c.) filtered from a little 
insoluble matter (0*25 gram), almost neutralised, and added gradu- 
ally to a solution of 1-6 grams of potassium xanthate in a little 
water at 70°. The mixture was heated at 100° for one hour, and 
the oily product set to a solid on cooling (Found : S — 17*7, 
CjjHjjONgSg requires S 18*2 per cent.). 

4:‘Benzenmzo-\~napUkyl Mercaptan, CgH 5 -N 2 *CjQHg’SH.— The 
xanthato, obtained as in the foregoing preparation, was dissolved 
in 500 c.c. of alcohol containing 5 c.c. of 20 per cent, aqueous 
sodium hydroxide and boiled for thirty minutes. After removing 
alcohol, water was added, and the filtered solution acidified with 
acetic acid, ^vhen an uncry.staflisable, reddish-brown precipitate 
(0'35 gram) was obtained which melted below 100° (Found: 
S = 10-6. CigHjgNgS requires S — 12-1 per cent.). 

This substance dissolved in aqueous sodium sulphide with a 
red colour and dyed cotton red, but on exposure to the air the 
colour changed to a light brownish-yellow shade. 

Attempts to prepare the mercaptan ria the diazo -disulphide gave 
a product which was insoluble in sodium sul[)hid(^ 

pp'p"-TrithiollTipheuylcarbinol, OH‘C(CQH4*k>H)3. — Pararosaniline 
(3‘5 grants) wa.s diazotised, the diazo -solution (60 c.c.) neutralised, 
and added gradually to a solution of 5 grams of potassium xanthate 
in a little water kept at 70°. The first addition was followed hy 
a slight explosion, and further additions caused explosions of 
diminishing intensity. The mixture was kept at 70° for an hour 
after the diazO'S()lution had been added. The substance which 
separated as a yellow oil and solidified on cooling was dissolveci 
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in ether, the ethereal solution shaken with dilute sodium hydroxide 
and sulphuric acid successively, the ether evaporated, and the 
residue boiled for half an hour with 25 c.c. of alcohol and 1-5 grams 
of potassium hydroxide. After evaporating off the alcohol, the 
residue was dissolved in water and acidified. The almost white 
precipitate obtained was insoluble in alcohol, benzene, or acetic 
acid, but soluble in sodium sulphide (Found : 8 = 24-6. ^19^1 
requires 8 = 26-9 per cent,). 

Attempts to prepare the mercaptan via the diazo- disulphide 
u-ere not successful. 

2- Amino-S4kioU\0-pyMylphpria7Mnium Hydroxide, 

Nn,-CoTIa<K^j>CcH3-SH. 

Fhenosafranine (0-7 gram) was dissolved in 70 c.c. of water, 
hydrochloric acid was added in the proportion of 2 mols. (+10 
per cent.) for each molecule of phenosaf ranine, and 2-2 c.c. of 
.V-soiliiim nitrite solution. This diazo-.solution was jwured into 
a solution of ()d)4 grain of potassium xanthaio in a little water, 
when a dark, s<+d precipitate was obtained, '^(’his was boiled 
witli water, dissolves! in alcohol, giving a magenta -coloured solution, 
and boiled for eight hours after adding 1-5 grams of sodium hydr- 
oxide. The alcohol was evaporated off, the residue dissolved in 
water, and the solution aeidifiod with hydrochloric acid. A black- 
ish-violet precipitate was obtained w+ich could not be crystallised. 
It dissolved in aqueous sodium sulphide and dyed dull violet shades 
on cotton (Found : S — 10-4. requires 8-10-0 

per cent.). 

3- .1 muw-l-dimcfhjlam +o-4-^//.?VjZ phniazi7}e, 

NMr,-(',ll3<j^>CVK,(SH).XH,. 

—This was prepared by the condensation of di-?«-phenylenediamine 
disulphide and nitrosoflinn'tliylanilirie. Mdie former sul>staiice was 
pi'cparcd according to I),K.-P. 8()09(), but could not be obtained 
crystalline by the method there d(‘scribed. It was dissolved iu 
acetone and poured into water, A milky enudsion was obtained, 
from which the substaricc* was ])recipitated as fine, yellow needles 
by the cautious aiklition of a saturated solution of sodiiim chloride. 
It melted at 65 — 73, and analysis showed it to bo a mixture of 
r the disulphide with some higher sulphide or suljihidea agreeing 
uth the average formula (Found : 8 — 27-2. Calc., 

^ ' 27-2 per cent.), 

Di-w-phenylenediamine disulpliide (0-7 gram) was dissolved in 
c.c. of 3*3 per cent, hydrochloric acid, nitrosodimethylaniliiie 
lydroehloride (0-94 gram), dissolved. in 10 c.c. of water and 20 
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drops of concentrated hydrochloric acid, was added, and the mixture 
boiled, when a dark -coloured substance was soon deposited, which 
could not be crystallised. The substance is soluble in aqueous 
sodium sulphide with a brown colour and dyes cotton. On acidigc- 
ation, the dyeing has a violet shade, but is changed to reddish- 
brown by dilute sodium carbonate. This dyestuff was found lo 
have the average formula which would result from the condensation 
of with 1 mol of nitrosodimethylaniline (Found- 

S ^ 14*8, 14*5. Ci^Hi 4N4 Si. 2- requires S 14*4 per cent,). 

On diazotising tliis substance and boiling with water, there 
was obtained a product which was also a sulphide dye {1'dmeihjl 
amino-^-liydroxyA4hiolpkenazine'^) giving dyeings which were still 
sensitive to acids and alkalis, but duller than those of the original 
dyestuff. Similar shades ^vere obtained by diazotising on the 
fibre and subsequently boiling wdth water. 

d’Dimethyla m f n o - 2 d/n’ol 3 - phe n oxazon p , 

— This was prepared by the condensation of nitrosodimethylaoilinf 
and thiolresoTcinol prepared according to O.ll-P. 41514. The 
amount of sulphur in the thiolresorcinol depends entirely on the 
amount taken in its preparation, as besidc-s diresorcinol disulphide 
there are formed polysulphides. The sample prepared for this 
purpose contained S — 24*8 per cent., w'hich corresponds with the 
average formula CgHjlOHl.ySi- 1.H- 

Nitrosodimethylaniline hydrochloride (2 grams) was almost 
entirely dissolved in 50 c.c. of boiling alcohol, finely powdered 
thiolresorcinol (0*02 gram) added, and the mixture boiled over- 
night. A greenish -black precipitate was obtained which ms 
purified by extraction with carbon disulphide (to remove free 
sulphur) and a boiling acid solution of zinc chloride, which removed 
some colouring matter and finally left a substance insoluble m 
this reagent. It could not be crystallised (Found : S = 12*8. 
C14II10O.2N2S1.13 requires S ~ KM per cent ). 

This substance is soluble in aqueous sodium sulphide with a 
reddish-black colour, but gives only very light indigo-blue dyeings 
on cotton. 

DitJiiolfuonfcrin, '^<c*H;(OHj[sH}>V<o«^i>CO, was pre- 

pared by healing a powdered mixture of thiolresorcinol (2-2 grams), 

1 gram of phfhalic anhydride, and 0-46 gram of anhydrous zinc 
chloride at 150 — 100''" for one hour. The product w’as powdered, 
washed with water, dissohed in caustic soda, and reprecipitated 
wdth acid. It was obtained as a reddish-brown solid soluble in 
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caustic soda with a red colour and dark green fluorescence. It 
could not be crystallised {Found : S = 18*3. CgoHnOsSa.gfl re- 
quires S = 17*9 per cent.). (The same sample of thiolresorcinol 
was used as in the last preparation.) It dissolves in aqueous 
sodium sulphide solution with a red colour, but has scarcely any 
affinity for cotton. 

JHnitrosoihiolresorcinol, CgH02(N0H).ySH.— Thiolresorcinol (3-4 
grams) was dissolved in a little sodium hydroxide solution, 3 grams 
of sodium nitrite were added, the solution was cooled with ice and 
acidified with hydrochloric acid. A brown precipitate was obtained 
which was filtered off after a few hours. It is soluble in caustic 
soda and in sodium sulphide, but does not dye cotton from a 
sulphide vat (Found : S — 17*2. C5H4O4N2SJ.J3 requires S = 17-8 
per cent.). (This w^as prepared with the same sample of thiol- 
resorcinol as was used in the preceding two preparations.) 

2 : 2' : 4 : 4:'-Tetra-amino~5 : ^'^dithioldipkenylmelkane, 

— Di-m-phenylenediamine disulphide (1-4 grams) was dissolved 
in 2 c.c. of concentrated hydrochloric acid diluted to 20 c.c. with 
water, and treated mth 3 c.c. of 40 per cent, formaldehyde solution, 
when the above-mentioned compound w’as immediately formed as 
a buff-coloured precipitate (Found ; S = 26-8o. C13HJ5N4S2.J; 
requires S = 26*1 per cent.). (The same sample of di-m-phen^lene- 
diamine disulphide was used as in the preparation of the preceding 
phenazine dyestuff.) 

This compound was made into a paste with water and boiled 
with ferric chloride and a few drops of hydrochloric acid, w’hen 
the buff-colouied suspension soon became dark brown. The 
product {diaminoditkiolacridine 1) is soluble in sodium sulphide 
and gives light brown shades on cotton. 


The substances described in this paper w'ere first prepared in 
British Dyes laboratory at Leeds University and have been again 
prepared and analysed in the chemical laboratory at Dacca 
University. Our thanks are due to the British Dj'estuffs Corpor- 
itiori, Ltd., for permission to publish these results. 

Leeds University. 

Dacca Univer-sity. 


April 2itht 1922.] 
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CCXXXITL — Derived from Phenanthraqninone, 
Part L Phenanthranaj)Jithazines. 

By Anukul Chandra Sircar and Sikhibhusan Dutt. 

Until recently (Watson and Dutt, T., 1921, 119, 1211), substituted 
phenanthraqiiinone had not been condensed with o-phenylenedi- 
amine, and except in a few instances (Witt, Thorpe^s “ Dictionary 
of Applied Chemistry,” Vol. T, p. 354; Watson and Dutt, loc, cit. 
p. 1218) the condensation with 1 : 2-naphthylenediamine or its 
substitution products has not been described. This communication 
deals with the preparation and properties of the azines obtained 
by condensing substituted phenanthi aqiiinone with 1 ; 2-naphthvt 
enediainine and its b-sulplionic acid. The following derivativeg 
of phenanthraqiiinone have been utilised : 2:7- and 4 : 5-dinitro-, 
2- and 4-nitro-, and 2 : 7-dibromo-phenanthraquinonos, and also 
dibronionitro-, brotnodinitro-, and 5-broino-4-nitro-phenanthraquin- 
ones (Miikherjoe and Watson, T., 1016, 109, 623). The azines thus 
obtained all dye yelloiv shades on wool, which are very light in 
the case of the broino-componnds and somewhat deeper in that 
of the nitro- derivatives. 

As these azines did not contain auxochromio groups, phenanthra- 
naphth azines were prepared by the condensation of 1 : 2 -naphthyl 
enediamine with 2 : 7-diamiiio-, 4 : 5-diaraino-, 2 -amino-, 4 -amino-, 
2 : 7 -dihydroxy-, 4 : 5-dihydroxy-, 2 -hydroxy-, and 4-hydroxy- 
phenanthraquinones. Although insoluble in water, the azines 
thus obtained are moderately soluble in some of the coininon 
organic solvents, and their tinctorial properties are on the whoh 
satisfactory. They dye wool from an acid bath in shades varying 
from bright yellow to dark brown ; 4 : 5-dihydroxypheiianthra- 
naphthazine dyes chrome -mordanted ivool to a deep brown shade. 

In attempting to prepare 2 : 7-diamiiiophenanthranaphthazine by 
the reduction of tlie corresponding dinitro-compound with tin and 
hydrochloric acid, instead of the desired substance, 2 : 7-dianiino- 
dihydrophenanthranaplithazine was formed. The amino-groupf( 
in the diaminodihydro-cornpound were easily replaced by hydroxy-* 
groups by the diazo-reactiou, and 2 : 7-dihydroxydihydrophea- 
anthranaphthazine obtained. The dyeing properties of these 
dihydro -derivatives are not satisfaelory (compare Watson and 
Dutt, toe, cit., p. 1213). 

In the anthraquinone series, bromine atoms are easily replaced 
by anilino-grou])s by I III maun 's inelhod {Ber., 1901, 34, 2174). 
Mukherjee and Watson have shown that Ullraann’s reaction can 
also be appli(‘d in tlie phenantliraquinone series. These anilhin- 
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derivatives in many cases possess interesting dyeing properties. 
Further, from an examination of the constitutional formulse of the 
commercial azine dyes, it is found that the ariilino-compounds, for 
example, indamine-blue, generally dye blue shades, whilst the 
corresponding azines without the anilino-groups dye redder shades. 
Led by these considerations, the authors applied Ullmann’s method 
to the bromophenanthranaphthazines and found that these sub- 
stances can be readily converted into the corresponding anilino- 
compounds. 2 : 7-Dianilino-, 4‘nitro-5'anilino-, dinitroanilino-, and 
nitrodianilino-jjhenanthranaphthazines have been prepared in this 
way. They dye full shades on wool in colours ranging from olive- 
green to bluish-green or bottle-green. They are insoluble in water 
and only sparingly soluble in the ordinary organic solvents. 

The azines mentioned so far are all insoluble in water j many 
of them are almost insoluble in the ordinary organic solvents and can 
be crystallised only from liquids of high boiling point. 'Fhe intro- 
duction of sulphonic acid groups into tlie molecules of these azines 
should tend to make them soluble in water, and possibly such 
sulphoruc acid derivatives could be crystallised from this solvent. 

1 ; i-Naphthylcncdiamine-d-sulphoiiic acid was therefore con- 
densed with 2 : 7.diamiiio-, 2- amino-, and 2 : 7-dihydroxy-phen- 
aiithraquinone. The sodium salts of the azines thus obtained are 
all soluble in water and dye wool in brown to maroon shades from 
an alkaline bath. The dyeings thus obtained arc much deeper in 
shade than those of the corresponding uiisulphonatcd compounds. 
Kvidcntly the sulphonic acid group has a marked influence in 
deepening the colours of the original compounds -this, liowever, is 
not generally tlic case. 

The plienanthranaphthazine.s describerl in tliis paper (1) are char- 
acterised by their higli melting points (many of them decompose 
he foie melting), their sparing solubility in the ordinary organic - 
solvents, their well-developed tinctorial properties, and tlioir stability 
ard* oxidising agents ; (2) dissolve in concentrated sulphuric acid 
with characteristic colour; water precipitates them unchanged as 
ight, Hocculent masses, particularly adapted for dyeing purposes. 

Experimental. 

: ^'l)imiropU}ianthranaiMu^^^^^ CioHe-— 

ihe crystalline precipitate produced by lioiling 2-9 grams of 2 ; 7- 
amitrophenaiitliraiiuinone and l-(i grams of 1 : 2.naplithylciiedi. 
mine 111 400 c.c. of glacial acetic acid, separated from amvl alcohol 
n yellow needles not molting below 200’^ It is sparingly soluble 
t^oio, acetone, acetic acid, clilurqfonn, or benzene, moderately 

3x* 
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soluble in aniline or amyl alcohol, and very soluble in pyridine or 
nitrobenzene. It dissolves in strong sulphuric acid with a violet 
colour, and when reprecipitated by water dyes wool light-yellow 
shades from an acid bath (Found : N = 13-32. C 24 H 22 O 4 N 4 requires 
N = 13-33 per cent.). 

4 : 5-DinitropMmntJmnaphthazim . — The crystalline precipitate 
obtained by mixing 2-9 grams of 4 : 5-dinitrophenanthraquinone 
and 1-0 grams of 1 : 2 -naphthylenediamine in 200 c.c. of boiling 
acetic acid, recrystallised from nitrobenzene in yellow needles 
melting at 275°. Its properties resemble those of the preceding 
compound (Found : ™ 13-38 per cent.). 

2-l^itrophimnthramphihaziney was ob- 

tained in the same way as the preceding compound by condensing 
2-nitrophenanthraquinone Avith 1 : 2-naphthylenediamine. It 
crystallised from aniline in yellow needles melting at about 190’ 
(with decomposition) (Found: X— 11-41. € 2411 ^ 302^3 requires 
N ~ 11-2 per cent.). 

A’N itrophenanthranaphthazine was prepared from 4-nitropheii- 
anthraquinone in the same way as the preceding compounds and 
obtained as yelloAv needles (from acetic acid), melting at 206—208’ 
(Found : N — 11-63 per cent.). 

The properties of the two mononitro-azines resemble those of the 
dinitro- compounds described above. 

2 : ^i’DiaminopJiamnthranapkthazine, 

— The precipitate produced by boiling 1-15 grams of 2 ; 7-diamino- 
phenanthraquinone and 0-8 gram of 1 : 2 -naphthylenediamine in 
30 c.c. of glacial acetic acid for one hour, separated in yellow needles 
from hot pyridine on cautious addition of liot Avater. 

It decomposes on heating and is sparingly soluble in acetic acid, 
alcohol, acetone, benzene, or chloroform and readily soluble in 
nitrobenzene, pyridine, or aniline. It dyes bright yelloAv shades on 
Avool from an acid bath (Found : N ^ 15-34. C 24 H 4 gN 4 requires 
N — 15-56 per cent.). 

^ :r}‘Diamhiophenanthranaphifiazine A\as prepared in a similar 
way to the preceding compound, and crystallised from pyridine as 
yellow needles, decomposing at about 170° (Found : N = 15-81 
per cent.). 

2 • AmiTwplimanihranapldkazbie, 

2-Aminophenanthraquinone (1*5 grams) and I : 2 -naphthyleuedi- 
amine ( 1-1 grams) AV(?re boiled for three hours in 20 c.c. of absolute 
alcohol. The colour of the aminoquinone rapidly changed to 
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yellow and a crystalline precipitate separated. This crystallised 
from pyn^ie as yellow, prismatic needles, melting at 250° (Found : 
N = 12-68. requires N = 12-2 per cent ) 

i-AminophemnlhrampMkizine, prepared in a similar way to the 
preceding compound, melts at 180-181° (Found : N = 12-2 ner 
cent.). ^ 

The properties of the mono-aminophenanthranaphthazincs re- 
sembie those oi the aiamijio-compounds. 


2:1-Dihjdroxyphenanthranapht]uizine, K w 

-The crystalhne mass produced by boiling molecular quantities of 
„ : 7-dihydroxyphenanthraqumone and 1 : 2-naphthylenediamino in 
the minimum quantUy of acetic acid, separated from the same 
solvent as yellowish- brown needles melting at 220 —221'^ It dis 
Mlves in potassium hy(iro.xide solution ivith a brown colour and 
dyes wool brown shades from an acid bath (Found : N = 7-66. 
C 24 H 14 O 2 N 2 requires N 7*74 per cent.). 

i^^DihydroxyphenanthrampM^^^^^^ prepared in a similar way 
to the preceding compound, separated from dilute acetic acid in 
orange-brown, prismatic needles, decomposing at 175° (Found * 
= 8'05 per cent.). ^ 


^‘Hydroxypkenanthranapkthazine, — The 

brown needles produced by boiling molecular quantities of 2-hydr- 
o.wphenanthmquinone and 1 : 2-naphtl,ylencdiamine for ten minutes 
m acetic acid, were recry.stalli.sed from dilute acetic acid The 
substance decomposes above 160°. It dyes wool yellow shades 
from an acid bath and brown shades from an alkaline bath con- 

AUT carbonate (Found : N ^ 7-89 

requires N 8-09 per cent.). 

i-H!idroxyphemnthrampkh<Kme iva.s' obtained as brownish- 

^und. It begins to decompose at 20S° and fuially melts (with 
decompos, tion) at 22,7° (Found : N = 8-4 per cent.). ' 

nanhtW liydro.xypheiianthra- 

sines resembles that of the amiiio-aziiies de.scribed above. 

2 : ^-Oibrompkemntlmimphthadne, CjjIlgBrj^j^^Cj^Hj.— The 

broZuh!^ produced by boiling equimolcciilar quantitie,s of 2 ; 7-di. 
^moph nanthraqiimone and 1 : 2-naphthyIencd:amiiie in acetic 
from nitroh^^“ minutes, after being washed with water, separated 

Itisalmost'^”^Tif ■ “'■‘frog ‘''-‘‘“'v 290°. 

soluble in nltr ordinary organic solvents, although slightly 
nitrobenzene, pyridine, or aniline. It dissolves in con- 

3x* 2 
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centrated sulpliuric acid with a brilliant blue colour and dyes wool 
light yellow shades from an acid bath (Found : Br = 33-3. 
C24Hj2N2Br2 req^uires Br = 32 79 per cent.). 

2 : T-Dianilinophe7ianthranaphthazine, (NHPhjgC 

— One gram of the above dibromo-compound was boiled with 
10 grams of aniline and 0-3 gram of copper powder for three hours, 
and the hot liquid filtered into dilute hydrochloric acid. The dark 
green mass obtained, after being washed several times with hot 
dilute hydrochloric acid and water, separated from pyridine, on 
cautious addition of hot water, in needle-shaped, crystalline aggre- 
gates melting at 200'’. The substance is slightly soluble in alcohol, 
and moderately soluble in nitrobenzene or pyridine. It dissolves 
in concentrated sulphuric acid with a green colour and dyes wool in 
olive-green shades (Found : N — 10-76. C3gH24N4 requires N = 
10-94 per cent.). 

Dibromonitrophmanthramphthazine was obtained as brownish- 
yellow needles by boiling 2 grams of dibromonitrophenanthra- 
quinone, prepared by Mukherjee and Watson’s method [he. cU.^ 
p. 623), and 0-8 gram of 1 : 2-naphthylenediamine in 150 c.c. of 
acetic acid for half an hour. It decomposes at 235° and is only 
slightly soluble in alcohol, but is very soluble in aniline, nitro- 
benzene, or pyridine. It dyes light yellow shades on wool from 
an acid bath (Found : Br ~ 30-00. C24Hj402N3Br2 requires 
Br — 30-02 per cent.). 

was produced by submitting 
I gram of the preceding compound to Ullmanivs reaction in the 
usual way. It could not bo crystallised and was purified by boiling 
with dilute hydrochloric acid, dissolving in pyridine, precipitating 
with hot water, and finally washing with acetic acid, alcohol, and 
water, and obtained as a bluish-black powder melting at about 172’ 
(with decomposition). 

Its solubility is similar to that of tlic preceding compound. It 
dyes wool in brownish-nolct shades from an acid bath (Found : 
N = 12-97. CJJJ5H23O2N5 requires N ^ 12-56 per cent.). 

Brontodinilrophriimithraiiaphthazi nc separated as grocnish-ycilow, 
prismatic needles on bringing together l-IO grams of the broiiio- 
dinitroquinoiie (Mukherjee and Watson, lor. at.) and 0-8 gram of 
the diamine in 200 c.c. of boiling acetic acid, ajid was purified hy 
recrystallisation from nitrobenzene. It dtx^s not melt below 290 , 
and in other properties res(unbles the dihromonitro-componiul 
f described above (Found: l>r -- 16*2. requires Br- 

f^)-03 per cent.). 

'^roanilinopkenanthra naphthaline. — The black mass produced 
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by submitting tho preceding compound to Ullraann’s reaction in 
the usual way wag dissolved in pyridine and the azine separated, 
in black, crystalline aggregates, by the careful addition of hot water. 

It decomposes on heating, and when freshly precipitated from 
sulphuric acid dyes wool a beautiful bottle-green shade. Its other 
properties are similar to those of the nitrodiani lino -azine described 
above (Found : N — 14-19. CgoHj^O^Ng requires N = 13-69 per 

cent.). 

().BromoA-nitrophennntkranaphthazim, 

.-^Molecular quantities of 1 : 2-naphthyIenodiamine and /j-bromo- 
t-nitrophenanthraquinone (m. p. 224 — 226°; Muhherjoe and 
Watson, loc. cit.) * were heated together in acetic acid solution. 
On concentrating the solution, the azine crystallised out spontaneously 
ill shining, brown needles. It was recrystallised from a mixture of 
alcohol (1 part) and acedic acid (2 ])arts). It melts at 200°, and 
resembles the two bromonitro-azinos described above (Found : 
Br 18-04. C24Hi202N3Br requires Br — 17*62 per cent.). 

4- W itro-ti-an iUmphenanllmmapMliazine, 

NHl>h'C„H,(NO,V<'J>C,„H,. 

—This compound was prepared from the preceding substance in a 
similar way, and has similar properties, to the anilino-azines de- 
scribed above. It separatinl as bluish -black need lea, melting at 
about 170° (with decomposition). It dissolves in strong sulphuric 
acid with a violet- black colour and dye.s wool in bluish -green shades 
from an acid bath (Pound: N “ 12-53. requires 

N ~ 12-01 per cent.). 

2:7- Dm m i mphenaiithra naph thaz iim-Vl-.^fvIphonic Acid, 

(Nn,),c„ii„<^>c,„H,-so3n, 

— 2:7-T)iaminophenantlirafjuinone (1 grain) and 1 ; 2-naphthylene- 
diamine-o-sulphonic acid (1 gram) were boiled together mth a 
small quantity of water. TIkj dark colour of the amino-quinone 
rapidly disappeared and a greenish -ye How, crystalline mass was 
produced, This was filU-red, dissolved in dilute caustic soda 
solution, and again filtered. The liltrate, on acidification with 
dilute hydrochloric acid, deposited greenish -ye How needles, which 
were filtered, washed with water, and dried in a vacuum desiccator, 
where the colour changed to brown. 

The substance is slightly soluble in alcohol or acetic acid and 

* In. the original desrrTlion (T., 1915, 109 , the position of the 
bromine atom is not imlioated. Dr. t Vat son, in a private communication 
to one of us, states that the broinino atom occupies the 5 -position. 
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very soluble in pjTidine (Found : N = 13-00. ^ 24 ^ 16 ^ 3^48 
requires N — 12-74 per cent.). With concentrated hydrochloric 
acid, it forms a red salt decomposable by water. The sodium salt 
is very soluble in water. It dyes bro^m shades on wool from an 
alkaline bath containing 2 per cent, of sodium carbonate, 

2 : 7-Dihydroxyphenantkranaphthazine-12-sulp}u)nic Acid, 

(OH),C,,H,<^>C,oH 5 -S 03 H. 

— The mass produced by boiling 2 : 7-dihydroxyphenanthraquinone 
(1 gram) and 1 : 2-naphthylenedi amine -5-sulphonic acid with Avater 
for two hours Avas repeatedly extracted Avith hot sodium carbonate 
solution. The combined extracts, after concentration to a small 
volume, deposited, on acidification AAdth hydrochloric acid, dark 
brown needles, Avhich dyed wool a pleasant broAvn shade from an 
alkaline bath containing 2 per cent, of sodium carbonate (Found : 
N — 5-96. C 24 H^j 05 N 2 S requires N = 6-11 per cent.), 

2-Aminophenau(h ra uajditha zine-l'2-su Iphoni c A cid, 

was obtained as broAA-n needles by boiling M grams of tlie 2-aniino- 
quinone and 1-2 grams of the diaminesulphonic acid AAith a little 
Avater for half an hour, and then adopting the same procedure a.s 
in the preparation of the 2 : 7-diamino-compound {vide supra). 
Its properties are exactly similar to those of the diaraino-com- 
pound. The sodium salt is only moderately soluble in Avater 
(Found : N ~ 9-48. C 04 H 15 O 3 N 3 S requires N — 9-98 per cent,). 

2 : l-Diamino-^ : \Cy-dihjdrophenanthrauaphthazinc, 

—Two grams of 2 : 7-diuitrophenanihranaphthazine and 4 grams of 
tin were heated on the water- bat li with 30 c.c. of fuming hydro- 
chloric acid until the Avhole of tlie tin liad dissolved. HaAing 
been washed Avith liA'drochloric acid, the product Avas dissolved in 
Avater, the solution made strongly alkaline Avith sodium carbonate, 
and evaporated to dry iies.s. The dried mass was repeatedly extracted 
A\dth pyridine, from Avhieh, 011 cautious addition of hot Avater, the 
reduction product separated as bright yelioAv needles melting at 
2 r> 0 ° (witli decomposition), 

The solubility of tlic diliydro-azine in organic solvents is similar to 
that of 2 ; 7-diainijiophenanthranaphthazine, but the redaction 
product dissolves in concentrated sulphuric acid Avith a brilliant 
pink colour, whereas the 2 : 7-diamiiio-azine does so Avith a Aaolet 
colour. This property and a deterniination of the melting point 
fpf the mixture e.st/^b]ished the difference betAveen the two compounds. 
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2 : l-DiJiydroxy-% : iQ-dihydrophemnthranaphthazine, 

was obtained as broivn flocks by diazotising the preceding compound 
in the usual way and boiling the filtrate for some time. It was 
further purified by dissolving in caustic soda solution, from which 
hydrochloric acid precipitated a dark violet substance, not melting 
helow 280°. It dissolves in concentrated sulphuric acid and in 
caustic soda solution with a violet and a brownish -violet colour, 

respectively. 

We take this opportunity to express our thanks to Dr. E. R. 
Watson, who suggested the investigation and under whose super- 
vision the preliminary w^ork was carried out. 

Chemic.ai. L.^b oratory, 

Dacca Collece, 

Dacca, Bengal, India. [Received, April D/, 1922.] 


CCXXXIV.— 7)//e5 Derived from Phenanthraquinone. 
Part 11. Naphtha flavinduUnes. 

By SiKHIEHUSHAN DUTT. 

In view of the unexpected dyeing properties of the phenanthra- 
phenazines and -naphthazines previously described (Watson and 
Diitt, T., 1921, 119, 1211; Sircar and Dutt, this vol., p. 1944), 
it was considered desirable to prepare certain naphthaflavindulines 
and to examine their behaviour on the fibre. In the azine series, 
the chromophoric property of the azine ring appears to be enhanced 
hv the change of a nitrogen atom from the tervalent to the quinque- 
valent state, that i.s, by the eon\'ersion, of the azine to an azonium 
compound, as, for example, in the case of the yellow diamino- 

phenazine, NH 2 -CgH 3 <C^^/CgH 3 -\H. 2 , and the scarlet-red safratiine, 

It seemed probable, therefore, 

that azines derived from phenanthraquinone \vould be excelled 
in colour by the corresponding azonium derivatives. 

The simplest naphthaflavinduline was prepared by Witt {Ber., 
1887, 20, 1183), w'ho obtained it by condensing phenanthraquinone 
with phenyl-l -amino- (i-naphthylamine in presence of glacial acetic 
and nitric acids. The dyeing properties of this compound are of 
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little interest, probably on account of a lack of auxochromic groups 
in the molecule, and therefore the following naphthaflavindulincs, 
containing various auxochromic and other groups, have been 
prepared, in the hope that they would have much better dyeing 
properties : 2 : 7-Dibromo-, 2 : 7-dianilino-, 3-bromo-, 3-aniIino-, 
2 ; 7-dinitro-, 4 : 5-dinitro-, 2-nitro-, 4-nitro-, 2 : 7-diamino-, 4 ; 5- 
diamino-, 2-amino-, 4-amino-, 2 : 7-dihydroxy-, 4 : 5- dihydroxy-, 
2-hydroxy-, 4-hydroxy-, dibromonitro-, and bromodinitro-naphtha- 
flavindulines. 

The naphthaflavindulines are, in general, dark brown to blue- 
black substances which crystallise with difficulty. Most of them 
decompose on heating and refuse to burn completely in air. They 
are also decomposed with difficulty by fuming nitric acid under 
pressure. They dissolve in concentrated sulphuric acid mostly 
with a brown colour and therefore, unlike the corresponding azines, 
do not yield cluiracteristic colour reactions with this reagent. 
When freshly precipitated, they dye wool evenly from an acid 
bath. The dyeing properties are, on the whole, much bet ter 
than those of the corresponding plienantliranaphtliazines. 

E X r E R I M E .V T A L. 

Phenuh 1 -a m i)if\ — The following preparation, 
giving diri'ctly a 90 per cent, yield of free base, was used in pre- 
ference to Wilt's method, which fiu'tiislies a poor yield of hydro- 
chloride {Ber„ 1887, 20, 571, 1183). 

Diazobenzenesiilphonie acid, obtained from sulphanilic acid 
(20 grams) and freed as far as possible from adherent moisture, 
was stirred into 22 grams of pfietiyl-l^-naphthylamine in GO c.c. 
of glacial acetic acid at 55‘^ tlie dye, which was precipitated 
quantitatively, being collected after live minutes. This azo-dye 
was dissolved in 10 per cent. a({ neons sodium hydroxide, and the 
filtered solution boiled witli zinc dust until colourless. The 
residue obtained on cooling was wa.slied with water and extracted 
with hot pyridine. The extract, on dilution with hot water, 
deposited the base in whitf', silky needles (m. p. 138°). 

Br 


2 : l-Dibromonaphthaprvhdidinf, 


bromophenanthraquinone (1*2 grams) and 0-8 gram of phenyl- 
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]. amino- P-naphthylamine, dissolved in hot glacial acetic acid, were 
treated with 5 c.c. of strong hydrochloric acid. The condensation 
product at once crystallised out in blue, microscopic needles. The 
compound decomposes above 230'’, and is sparingly soluble in most 
organic solvents. When freshly precipitated from sulphuric acid 
solution, it dyes fine maroon shades on wool {Found; Br = 26‘2; 
Cl = 5-9. CjoH^ 7 ClBr 2 requires Br = 26*62 ; Cl = 5*99 per cent.). 

2 : 'J.DianilinomphthafiaviTiduline, 

—The preceding compound (0*5 gram) was converted by Ullmana’s 
reaction with aniline and copper powder to a bright blue, amorphous 
product, which could not bo crystallised, but was purified by 
dissolving in pyridine, precipitating with alcohol, and boiling with 
strong kydrochlorie acid. The conipoimd, which does not melt 
below 290'*, is sparingly soluble in the ordinary organic solvents, 
but dissolves fairly easily in jiitrobeiizene, aniline, or pyridine. 
When freshly precipitated, it dye.s beautiful blue shade.s on wool 
(Found : N — 8*25. C 42 H 29 N 4 CI requires N ~ 8-96 per cent.). 

3 - Bro nwnfiplUhaflavi nxhdine ( Nitrate) , 

— 3 -Bromophenaiitliraqninonc (2-8 grams) and 2-4 grams of 
phcnyM- amino- [3-naphthyl amine in cold glacial acetic acid solution 
were treated with 7 c.c. of concentrated nitric acid. The solution, 
on keeping for twenty-four hours, deposited the condensation 
product in orange- red needles, m. p. 230“ after recrystallisation 
from dilute acetic acid. Tt is fairly soluble in alcohol or acetic 
acid, and vei'y .soluble in aniline, nitrobenzene, or pyridine. It 
dyes orange .sharles on wool (Found ; Br — 14*2. 03 oHjg 03 N 3 Br 
requires Br -■ 14*6 jw'r cent.). 

llAiiilinomiphfhaJtai'Viduline (Ah7m/e) was prepared from the 
preceding compound by IJIlmanir.s metliod. The green, amorphous 
product was ])urified by repeated precipitation from pyridine 
solution by hot water aiitl afterwards from strong nitric acid by 
cold water. Tlie .suh.stanee luelts and decompose.^ at 195“ and dyes 
fine olive-green shades on wool (Found : N = 10*2. 03 ( 5112403 X 4 
iwpiires N 10-0 per cent.). 

2 : I^DimtronapJdJiafiavififfHlinr, Ci4Hg(N02)2<^^ ^ — 

r hvl 

2 : 7-Dinitrophenanthraquinone (2*9 grams) and 2*4 grama of 
phcnyl-l -am ino-p-naphthyl amine were condensed together in the 
usual manner in presence of glacial acetic and concentrated hydro- 
chloric acids. The product was recrystallised from dilute acetic 
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acid in fine bro^^Ti needles melting at 220 “ with decomposition. 
It dyes yellouish-grey shades on wool (Found : N = 10'9. 
Ca^Hj^O^N^Cl requires N = 10-5 per cent.). 

4 : 5-DiniirompMkaflavi7iduUne, prepared from 4 ; 5-dinitro* 
phenanthraquinone, crystallises from alcohol in brown, micro- 
scopic needles, which melt with decomposition at 190“, and dyes 
brouTiish-grey shades on wool (Found : N == 10‘43. ^30^17^4^01 
requires N = 10-5 per cent.). 

2-NitronaphtJiaflavi7iduli)ie, prepared from 2-nitrophenanthra- 
quinone, crystallises from amyl alcohol in brown needles which 
decompose on beating. It yields fine terra.-cotta shades on wool 
(Found : N So. CloIIigO^N^Cl requires N — 8*61 per cent.). 

4i-NitronapW(a'flavi}i(Ji(line, prepared from 4-mtrophenanthra- 
quinone, crystallises from amyl alcohol in dark brown needles 
which melt and decompose at 1G5“. It yields maroon shades on 
wool (Found : N ^ S'oo. CgoHi^O^N^Cl requires N = 8-61 per 
cent.). 

2 : — Two grams of 2 : 7-diamino- 

phenanthraquinoiie, di.ssolved in l.o 0 c.c. of hot glacial acetic acid 
containing 30 c.c. of nitrobenzene, were treated with 2 grams of 
phenyl-l-amino-^-napIithylamiue, and through the solution a 
current of dry hydrogen chloride was passed. The condensation 
product crystallised in fine, dark blue, microscopic needles, which 
decomposed on heating. The compound is slightly soluble in 
acidified water, and dyes wool to a beautiful bluish-black shade 
(Found : N — 11-62. C 3 oH 2 jN 4 Cl requires N ~ 11-84 per cent,), 

4 : ii-DiaminoiiaphtJiaflavindidine was obtained from 4 : 5 -di- 
aminophenanthraquinone. It melts and decomposes above 290° 
and yields violet-black shades on wool (Found: N = 11 - 7 ], 
C 3 QH 21 N 4 CI requires N ~ 11-84 per cent.). 

2-A7nhionapkthafiaiinduUne.~-2-AminQp\\ena.i\ihrs.qmmwhy(h;o- 
chloride (1-2 grams) and 1-4 grams of phenyl- 1 -amino- [3-naphthyI- 
amine hydrochloride were mixed in hot glacial acetic acid solution. 
On cooling, the condensation product crystallised in fine, blue, 
microscopic needles. The substance melts and decomposes at 
195“ and yields dull bluish-black shades on wool (Found : N — 
9-17. CgyH^QXgCl rcquircs N = 9-1 per cent.). 

4‘AminmapMhaflavinduUne was obtained from 4-aminophen- 
anthraquinone in a manner similar to the above. The substance, 
which crystailise.s in blue needles, melts with decomposition at 
128 — 130", and dyes dull violet-blue shades on wool (Found: 

N = 8-82. C;joH 2 oN 3 CI requires N — 9-1 per cent.). 

2 : l’Dihydrox7jmp)hihaj\avindulim . — Two grams of 2 : 7-di' 
hydroxyphen anthraquinone and 2 grams of phenyl- l-amino- 
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^-naphthylamine were condensed together in the usual manner in 
presence of glacial acetic and concentrated hydrochloric acids. 
The product gradually crystallised in broi;vTi needles, m. p. 245° 
(decomp.). The substance is slightly soluble in water and dissolves 
in alkalis with a dark broum colour. It yields fine Vandyke- brown 
shades on wool (Found : N = C^oHj^O^NgCl requires 

^ — 5*9 per cent.). 

4 : 5-Dihjdroxymphikillaini^^^^^ obtained from 4 : 5-dihydroxy- 
phenanthraquinone, crystallises from dilute acetic acid in dark 
hrown needles, not melting below 290^ It dissolves in alkalis 
with a yellowish-brown colour and dyes fine nut-brown shades 
on wool (Found : N = 5*54. requires N = 5-9 

per cent.). 

2-Hijdroxijnaphtkaflain7idi(Une was obtained from 2-hydroxy- 
phenanthraquinone in a similar way to the 2 ; 7 -di hydroxy- com- 
pound. It crystallises from a mixture of amyl and ethyl alcohols 
in microscopic, bluish -brown needles, m. p. 174° (decomp.). It 
is very slightly soluble in water and dissolvc.s in alkalis with a 
dirty brown colour. It yicld.s clay-colourcd shades on W’ool 
(Found : N ~ 5-8. CgoH^gONoCI requires N = 6-1 per cent.). 

i-Hydroxymphthaflati7ui.idin(!, obtained from 4-hydroxyphen- 
anthraquinone, cr 3 -stallises from dilute acetic acid in dark brown, 
microscopic needles, which melt and decompose at 192°. It is 
slightly soluble in water and dissolves in alkalis with a j^llowlsh- 
browii colour. It dyes flesh-coloured shades on wool (Found : 

5T). QyjHjgONoCl requires X — Cd per cent.). 

l)ibromonitromiphthuflaiiyiduline.~\)ibiomom{TOphennnihTnqmv 

one (Mukherjee and Watson, T., 1916, 109, 617) (1-9 grams) and 
M grams of phenyl-l-amino-fi-uaphthylaminc were digested in 
concoiUrated sulphuric acid (20 c.c.) for ten minutes at tlie ordinary 
temperature, and the solution wa.s poured into water. The pre- 
cipitate was collected, boiled with concentrated hydrochloric acid 
for some time, and ci‘y.stailised from glacial acetic acid. The 
substance, obtained in fine, dark brown ncedle,s, melts and decom- 
poses at 230°, and yields beautiful se])ia shades on wool (Found : 
Br = 25>l. requires Br — 24 8 per cent.). 

u'as prepared from bromodi- 
nitrophenanthraquinone (Mukherjee and Wat.soij, he, cii,) in a 
similar way to the above. It cr 3 ^stal^isos from glacial acetic acid 
m browm, microscopic needles, which melt and decompo.se at 
20.>— 207°, and yields brown shadc.s on wool (Found : Br 13-2. 
^'ao^iGO^N^ClBr requires Br = 13-09 per cent.). 

Chemical Laboicatokv, 

Dacc.i College, 

Bengal, India. [Rexcived, April im, 192^.] 
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CCXXXV . — Researches on Residual Afllnity and Co- 
ordination, Part X. Salicylatotetramminocobaltic 
Salts and the Constitution of Oxonium Compounds, 

By Gilbert T. Morgan and J. D. Main Smith. 

In an investigation of the cobaltammine lakes of azo-dyes derived 
from salicylic acid, it became desirable to prepare the pent- 
amminocobaltio salt of salicylic acid itself, and this lake was obtained 
as a sage-green, insoluble precipitate, but in attempting to vary 
the method of production by adding dry salicylic acid to a warm 
solution of cobaltammine reagent {this vol., pp. 165 and 1969), we 
found that an intxTmediate product was formed which separated 
in well-defined, dark red crystals. This compound proved to be 
salicylaioteirammi nocobalt ir. chloride (formula I) containing a new 
cobaltammine complex in wliich the bivalent salicylate radicle is 
implicated as a chelate group. 

I 

(I.) (NH,).Co/ i Cl or Br 

■ \o-(r -0 . . . H,0 : 

By employing a cobaltammine reagent containing bromine, the 
corresponding bromide was produceil with etpial readiness. Both 
compounds contained one molecular proportion of water, which 
was not evolved below 135°. The reaction was then extended to 
the production of other members of the series, and it was found 
that the normal salts of the new complex with various acids con- 
tained at least one moleeule of water, which was tcn.aciously retained. 
The nitrate (TI), for example, crystallised with 3H^0, but two were 
evolved at 100'^. 

[NO,(H,0)J 

The Iodide and iodute each contained 3 H 2 O and the sidphak 
dHgO, but only one molecule of 'w'ater per complex was retained 
above 100'’. 

1. The SalicylatotetramminocohaUic Com2)lex afs a Compound 
Alkali Ion, 

The new univalent salicylatotetramminocobaltic complex has 
the singular property of simulating the behaviour of the sodium 
ion in regard to the solubility of its salts in water. Acidic radicles 
which serve as prccipitants for the sodium ion give rise to sparingly 


(II.) 


(NHgj^OO^ 


\n— n— r 
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soluble salicylatotetratnminocobaltic salts. The omhte and 
thylamine-S-mlphomte are ^ringly soluble. The bicarbonate (VIII) 
is much less soluble than the carbonate (i>> 1967), and the hydrogen 
silicojiuoride (X) is also sparingly soluble. The chloride, bromide, 
and iodide of the salicylato-complex have the same order of solu- 
bility as sodium chloride, bromide, and iodide. Moreover, the 
jiew complex iodide and iodate both separate with two loosely 
attached molecules of water, thus resembling dihydra ted sodium 
iodide and iodate. 

2. The SalicyhiotetraniyninocobaUic Radicle as an Oxonium Complex. 

The constant occurrence of firmly held water in the normal salts 
of the new series raises the question of the chemical constitution 
of the salicylato-complex. It seemed possible at first that the 
water molecule was directly associated with the central cobalt atom 

as in the acidoaquotetramminocobaltic salts, qCoINHjjI^JcIj 

(Vortmann, J?er., 1877, dO, 1451 ; Werner and Wolberg, ibid., 1905, 
38, 2009), where only one co-ordination position i.s left for the 
implicated acido-radicle. A description of the new salicylato-salts 
on this basis would lead to the follownng formula, 

CVH-— 0. 

I /ColNHa)^ X, 

C0‘0-, H 2 O ' 

wiiich indicates only one limb of the chelate group as implicated 
ill the co-ordination sphere, the other and probably the carboxo-, 
C0‘0-Iimb being present in the foim of a “ bound ” ion,* In the 
present instance, however, another explanation is much more 
probable, namely, that this firmly held water is co-ordinated, not 
with cobalt, but with tlie unsat iirated carbonyl oxygen. This 
leaves two co-ordination positions round col)alt which are filled by 
the bivalent salicylate radicle functioning as a chelate group: 
This configuration, which is symbolised in formula: I and II, is 
supported by the following considerations. 

* The liypotheaia of tlm “ bound ” ion buds almndant t^xpcriniental 
juslLficaiion in our earlier eoininmiicatious oti the cobalt aiiunine lakes of 
mordant dyes (T., 1921, 119, ”b4; 1922, loc, cd.), in which siilphonate ions 
are bound up in coniidex jnolecules of tlio lakes, this tying up of the ions being 
often arcornpuiiied by very appreciable decrease in the solubility of the 
lake. Pfeiffer has now made use of this cciiK’Cptioa in a new theory of the 
constitution of tlio lietaines {Bcr., 1922, 56, [fl], 17(>4) , . . “ Der ganze 
hntcrschied bn Aufbau des Kochsalzes odor Natriumarctats emerseits und 
4ci' Betaine andcivrseils besti lit also (bnin, das.s in den ersteren Salzen die 
loticn getrennt nebeneinander liegeni, walirend in den Ketainen die loncu 
durch Atomketten miteinaiider verkniipft smd.'’ 



1958 


MOKGAK AND SMITH : RESEARCHES ON 


The presence of the firmly held water molecule in the salicylato^ 
series of normal cobaltaniraine salt« is reminiscent of the oxoniuru 
salts of coiimarin (Morgan and Micklethwait, T., 1906 , 89 , 863 ), 
in which it w'as shown that each molecule of this aromatic lactone 
is accompanied by one molecule of water : (CyHg02,H^0)4H2ptClQ, 
(CoH602,H20)4,HAiiCl4, and (C,H,0n,H20)3,H3Co(CN)5. 

It will be noticed that the salicylato-complex has a skeletal 
structure (VI) containing oxygen atoms in a state of combination 
similar to that in which this element exists in the a- and ^-pyi-ones 
(IV and V). 


/^\c‘o 


H 

(TV.) 






\(- 


1 1 
0 

(V.) 


0 

1 1 


/^\Co" 

'•v» 

1 1 
0 

(VI.) 


This analogy in chemical structure leads to a similar tendency 
towards tlie formation of hydrates in which the electronegative 
oxygen of the unsaturated carbonyl group becomes associated 
co-ordiiiatively with the electropositive hydrogen of water. 


R-C:0 -f ITCH [R'C:0 . . . H‘OH] 


If this view of the position of the water molecules in the salicylato- 
series of salts is correct, it should be possible to replace this water 
by other compounds containing electropositive hydrogen. This 
anticipation has i^eeii confirmed by a study of the acid salts 
(hydrogen salts) of the new scries. Our experimental results show 
that the firmly held water molecule is absent from these acid salts. 
This elimination of water has been shown to be general with the 
significant exception of the bisulphite (VII), and it is a fair inference 


(VII.) 


(XH3),Co< 


NO-C=0 . . . H,0 


SO3H 


that the positive hydrogen of the acid salt has replaced the water 
molecule in the oxonium complex. This replacement of water of 
hydration by positive hydrogen takes place with acids of varying 
basicity and widely different strengths. 

SaUcykitotdraniminocobaliic bicarbonate (VIII), a well-defined 
hydrogen salt and a key to the preparation of other compounds 
of the series, is anhydrous. 






0- 


/~\ 


\o-C=0'" 


,H— O-CO, 


(VIII.) 
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By doable decomposition from the bicarbonate, hydrofluosilicic 
acid furnishes two salts, the noi’mal salicyhtotetramminocobaUic 
silicofiuoride (IX), with two firmly attached water molecules, and 


(IX.) 


(NHJ.Co^ 


n / \ 

\o-C=0 . . . H ,0 


[8iF„2H/:)] 


the acid or hydrogen silicofluoride (X), which is anhydrous. 


(X.) 


\0-C=0- 


SiF„ 


It is Gignificaiit in this connexion that the monobasic acids such as 
nitric and percliloric acids which give stable oxonium salts (Kehr- 
maii and Mattison, Ber., 1002, 35, 343; K. A. Hofmann, Mctzler, 
and Lecker, Ber., 1910, 43, 17S) also furnish anhydrous liydrogen 
salts with the salicylato -complex. The liydrogen dinitrair. (XI) is 
free from co-ordinated water and stable in air, differing entirely 
in this respect from the hydrated, hygroscopic, normal nitrate (11). 

(XI.) [(NH3),Co<0~g h-](N03), 


Salicyhtoielramrninocobaltlc hydrogen dipmhhrate (XII), also 
obtained from tlie bicarbonate, is a similarly constituted anhydrous 
salt, 


(xn.) [(NH3)3Co<JJ^g4 H-] (CIO,), 


3. Observations on the Theory of O.iouiiun Salts. 

riie older theory of oxonium salts was based on the view that 
under certain conditioii.s bivalent oxygen could become q^uadrl- 
valent by entering into direct combination witli the electropositive 
and electronegative ions of an acid to form a salt analogous in 
constitution to amiuonium salts when the latter were regarded 
as being derived from quinquevalent nitrogen. The current 
electronic hypothesis of principal \alency renders these older 
conceptions, however, quite untenable. There can be no increase 
m the valency of oxygen or nitrogen when tlie element is simul- 
taneously accepting an electron and giving one away. The co- 
ordination hypothesis of oxonium salts, wliich is quite in accord 
modern conceptions of the structiirc of the atom, requires 
^ a principal valency not greater than two and a co-ordin- 

a ion number not greater than three. This view runs parallel 
the co-ordination hypothesis of ammonium salts where nitrogen 
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is regarded as remaining tervalent, but with a co-ordination number 
four. 

The results obtained in the study of normal and hydrogen salts 
of the new complex alkali ion, salicylatotetramminocobait, afford 
additional experimental evidence for the general hypothesis first 
put forward by Werner that oxonium salts and hydrated salts are 
analogously constituted substances and arise from a similar tendency 
on the part of bivalent oxygen compounds to become associated 
by virtue of supplementary valency with compounds containing 
electropositive hydrogen or metallic radicles (“ Neuere AiLschauun- 
gen auf dem Gebiete der Anorg. Chemie,” cd. 1920, p. 264). 

The new salicylatotetramrainocobaltic complex contaiiis two 
co-ordinating centres, the electropositive cobalt atom and the 
electronegative oxygen of the carbonyl group. This oxygen be- 
comes associated either with the hydrogen of a water molecule 
in the hydrated normal salts (formulae I and II) or with the hydrogen 
of an acidic radicle in the anhydrous hydrogen salts. Of these 
anhydrous salts we have two classes : (1) tliose derived from 
monobasic acids — for example, the acidic di nit rate and diper- 
chlorate (formulae XI and XII), and (2) those derived from dibasic 
acids, for example, the hydrogen carbonate (YIII), the hydrogen 
silicofluoride (X), and the biselenite (p. 1968). Tlie only ap])ai’ent 
exception to these generalisations is the bisulphite, whicli, altlmngh 
a hydrogen salt, is hydrated like the normal salts. This anonndy 
disappears, however, when it is borne in mind tliat sulphurous 
acid is a tautomeric substance 

H,[SO,] HI H80;,] 

reacting in one or other of the forms symbolised in tlie huTgoing 
formulae. The bisulphite of the complex salicylatocobaltainmim: 
is a derivative of the monobasic form of the acid in uliich tlie 
remaining hydrogen, being implicated in an electronegative com- 
plex, is not attracted by the similarly charged oxygen atom of the 
oxonium group. Hence tlie latter atom becomes co-ordiiiatnl 
with w’ater as in the normal liydratcd salts. It is of interest to 
note that the biselenite, on the contrary, is anliydrrjus, thus falling 
into line witii tlie otJier anhydrous liydrogen salts. 

Summary. 

1, The salts of the salicylatobdramminocobaltic series are well 
defined, soluble compounds resembling tlie salts of the alkrili 
metals, so that the new salicylatocobaltammine radicle may l>c 
regarded as a compound univalent alkali ion. Its very soluble 
hydrated carbonate and more sparingly soluble anhydrous bi- 
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carbonate, which are both stable in the solid state, resemble the 
corresponding salts of sodium. 

2. The salicylatotetramminocobaltic radicle is accompanied by 
one molecule of firmly held water of constitution in all its normal 
salts, of which fourteen have been examined, but it becomes 
j^nhydrous when present in its acid or hydrogen salts (5 examples) 
with the exception of the bisulphite, which is hydrated like the 
noniial salts. 

*1. The singular variation in the state of hydration of the new 
salicylatocobal tarn mine radicle is attributed to the presence in the 
complex of a subsidiary co-ordinating centre duo to the oxygen 
cf the unsaturated carbonyl group. This electronegative oxygen 
atom co-ordinates either with water in the hydrated normal salts 
(XIII) or Muth a hydrion in the acid or hydrogen salts (VIII and 
XT), in the latter case giving rise to anhydrous oxonium salts. 

[n-Cz:0 . . . H'OH]X/ [R-C-O . . . (XIV.) 

4. The present investigation has rov(‘aled the existence of two 
types of these oxonium salts, one series derived from monobasic 
acids (XIV) and the other from diba,sic acids (XV). 

(XV.) [R-C-O . . . [R3C=0 . . . H-OH](SO,H) (XVI.) 

0 . The bis\ilphito (XVI) is exceptional in containing the hydrated 
form of the salicylatocoballammine radicle (VII), probably because 
tliP hydrogen of the bisulphite group is tied up in an electronegative 
complex and therefore is not available for the formation of oxonium 
salts, 

6. Hydrated salts, oxonium .salts, and complex aquo-salta (for 
example, roseo-cobaltic and -eliromic salts) are regarded as oxonium 
compounds containing bivahuit electronegative oxygen associated 
co-ofdi natively with compounds containing electropositive hydrions 
or metallic ions. 


E X P E R I M E N T A L. 

I. Hydrated Normal Salts of the Salic yhtocoIxiJtammhe Series. 

Hidicylatoteframmivocobaltic (liJoride, (Formula I).- To 476 grams 
of hcxaliydrated cohalt chloride in 1 litre of voter and 795 c.c. of 
ISV-ammonia wfup adth'd successively 340 o.c. of OA’-jiydrogen 
peroxide and 276 grams of linely ]>o\vd(‘red salicylic acid. The 
dark hrown solution became deep red on warming at about 60® 
and, as the litpiid cooled, reddish-violet, prismatic needle.s separated 
nnti! a thick paste was formed. The product, after washing 
succesffively with water, alcohol, and ether, was crystallised from 
hot water, when the sage-green cobaltammiiie salicylate lake was 
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left as an insoluble impurity (12 per cent.); the filtrate yielded 
reddish«purple, six-sided, prismatic plates and flattened needles 
which under the microscope appeared as well-defined, deep red 
transparent plates and lamell® (yield 60 per cent.). A complete 
analysis gave the following data : Co == 184; NHg = 21-7; Cl ==; 
114; C = 26-5; H - 5-8 ; ionic Cl - 11-5. C 7 H 403 Co, 4 NH 3 ,Cl,H 20 
requires Co- 18-6; NH3-21-5; Cl-11-2; C-26-5; H = 5 . 7 ; 
ionic Cl = 11-2 per cent. 

Salicylatoietramminocobaltic chloride was readily soluble in water 
to a deep red solution, evolved ammonia with hot alkalis, gave 
silver chloride quantitatively with silver nitrate, dissolved in cold 
concentrated sulphuric acid to a red solution evolving hydrogen 
chloride, and developed an intense green coloration with cold 
concentrated or warm 5A-nitric acid, but not with other mineral 
acids. This hydrated salt retained its weight even after heating 
for five hours at 100°. The same yield of product was obtained 
even with thrice the above proportion of salicylic acid, but the 
proportion was much diminished, \vith the formation of an insoluble 
greenish- black pouder, if the liquid was bailed or if ammonium 
salicylate was employed in excess of aqueous ammonia. 

Salicylafotefra m m in ocoha It i c B rom ide ( For mu 1 a I ) . — Cobaltou s 
bromide dihydrate (327 grams) was dissolved in 300 c.c, of water 
and added slowly to 726 c.c. of 18A^-aramonia. A pink crystalline 
precipitate appeared; the mixture was cooled in ice and 218 c.c. 
of 6 A-hydrogen peroxide were added slowly with stirring. The 
liquid assumed a reddish-brown tint, but the pink precipitate did 
not dissolve until the mixture was diluted with 100 c.c. of 
5A"-ammonia and 60 c.c. of 6i\' -hydrogen peroxide. Finely pow- 
dered salicylic acid (177 grams) was then added; the dark broum 
solution was warmed at 50°, when it became deep red, and after 
further heating at 80° for fifteen minutes it was filtered while hot 
from a small amount of the sage green salicylic lake. The filtrate, 
when cooled to 0 °, yielded 262 grams of purpli.sh-red, flattened 
needles or plate.s (yield — 56 piu cent.). When recrystalUsed from 
hot wmter, dark purple, elongated, six-sided plates were obtained 
which by transmitted light appeared to be tran.spareiit and deep 
red [Found: Co -164; NH^-IO-O; Br-22-1; C - 23*6; 
H-5-0. C 7 H 40 gCo(NH 3 ) 4 ,Br,H ,0 requires Co -16-3; NH 3 = 
18-8; Br - 22'1 ; C = 23-3; 11 - 5-0 per cent.], This bromide 
resembled the chloride, hut was rath('r more soluble in water. 

SaUcyJaioteiramin inocobaliic Iodide, 

I 

— Tlie normal iodide was best obtaimMi by adding 5*5 c.c. of 50 per 
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cent, hydriodic acid and 5 c.c. of water to 6-5 grams of the bicar- 
bonate (p. 1967). The free iodine present in the acid was removed 
by ether and the solution allowed to concentrate at 0® until dark, 
brownish-red crystals separated. The product after rccrystallis- 
ation from warm water separated in dark red plates with a neutral 
reaction to moist litmus [Found: Co =-13-8; NH3 = 15-3; 
I = 28*3, 28-7 ; H2O = 94. C7H403Co(NH3)^I(H20)3 requires 
Co -13-3; NHa-lo-S; I =^28-6; 2H2Q = 84 per cent.]. An 
attempt to prepare this compound by tlie method employed in 
the case of the chloride and bromide led to a product which con- 
tained excess of hydrogen iodide and appeared to consist mainly 
()f ail acidic iodide. 

Cobaitous iodide dihydrate {34-9 grams) was dissolved in 35 c.c. 
of water, and 57 c.c, of ISA-ammonia were added, when a heavy, 
dark brown precipitate separated. To the mixture cooled in a 
freezing mixture were added very slowly 17 c.c. of GA^-hydrogen 
peroxide. Iodine was liberated, witli consequent formation of 
nitrogen iodide. A further 25 c.c. of 18A"-ammonia were added 
to remove this explosive compound, and then successively a further 
10 e.c. of 6A' -hydrogen peroxide and 13-8 gram.s of powdered 
salicylic acid. On heating at To"* for fifteen minutes, the dark 
muddy liquid cleared and became deep red. Nothing separated 
on cooling the filtered solution at until the liquid had been 
concentrated considerably over calcium chloride, when irregular, 
dark red crystals appeared in a green scum of the sage-green lake 
mixed vith tri-iodophenol. This insoluble residue, after washing 
with warm benzene and ether, was dissolved in hot water, x\'hen 
the acidic eobaltammine iodide crystallised in broiniish-rcd, 
irregular plates (yield 14 per cent.) [Found : Co -- 13-3; NH^ = 
liv2; 1 = 414. !C7H403 Co(NH 3}4[;2HI requires Co = 13*0; 

NH3 = 15-0; I = 41-9 per rent.]. This preparation was strongly 
acidic to moist litnins. - 

The normal sahcylaloktmmfniuocolKiltic iodkJp resembled the 
chloride and bromide in many pliysical and chemical properties; 
but it was much more soluble in water, contained additional water 
of crystallisation, and tended to fonu unory.stallisablo syrups. 

SaUcijlatotdramminocohalfic Mcrcurihahids.^l . Mercurichlondc, 

:\Iercuric chloride (54 

grams), dissolved in 50 c.c. of 50 per cent, alcoliol, was added to 
F3 grams of the foregoing chloride in 40 c.c. of hot water. On 
cooling the solution, glistening ])urple plates separated, weighing 
h grams. When recrystallised from liot water, the mramchhride , 
which separated in well-defined, dark purple plates, was much 



1964 


MOKOAN AND SMITH : RESEARCHES ON 


less soluble than the simple chloride (Found : Co — 8'1 ; NHg = 9*3 ; 
Hg = 42-4; Cl - 10-8. [C7H403Co(NH3)4l.,[Hg3Cl8],(H20)2 re- 

quires Co = 8-1 ; NHg = 9-4 ; Hg = 41-6 ; Cl = 19*6 per cent.). 

2. m»-c«n6romwie, [(NH3 )iCo<°~^ A ^ Mcr. 

curie bromide, dissolved in warm alcohol, was added to a hot 
aqueous solution containing the same weight of the foregoing 
bromide. On cooling, the mercuribromide separated in dark purple 
scales; it was recrystal Used from hot water and obtained in 
glistening, dark purple plates, much less soluble than the simple 
bromide (Found : Co — 6*7 ; NH^ — 7*5 ; Hg = 33*3 ; Br = 35'7. 
[C7H403,Co(NH3)4]2,[irg3Br8],(H20)2 requires Co - 6-5 ; NHj ^ 
7*5 ; Hg ^ 33-4 ; Br 35-o per cent.). 

3. J/crc?m- iW/r/n, j^(NH3)4Co<C^_^®j^* H 

atotetrammiiiocobaltic bicarbonate (p. 1907) (0-0 grams) was dis- 
solved in 5-5 c.c. of 50 per cent, hydriodic acid and 5 c.c. of water, 
the free iodine being removed by ether. The blood-red aqueous 
layer, from which the iodide did not separate after throe hours on 
ice, ^vas divided into two equal parts, one of which was ground up 
with 4-6 grams of freshly precipitated mercuric iodide. Much of 
this mercury salt remained undissolved until the second part of 
the complex iodide .solution Avas added, when the mercuric com- 
pound disappeared rapidly and was replaced by a heavy, purple, 
crystalline powder, which crystallised from a large volume of hot 
water in sparingly soluble, glistening, purplish-black, wedge-like, 
elongated prisms (Found : Co = 94 ; NH3 = 10-8; Hg ~ 15-0; 
1-40*1. [C7H403Co(NH3)4yHgl4],(H20)2 requires Co-9*:i; 

NH3 = 10*7 ; Hg — 15*8 ; I — 40*0 per cent.). These three well- 
crystallised mereuri haloids were deep red by transmitted light, 
their solubility decreased from chloride to iodide, they developt4 
the characteristic intense green coloration with concentrated 
nitric acid, but the colour produe('d with the iodide changed rapidly 
to yellow owing to liberation of iodine. 

SalicykUolHramm inocobaltic 1 od ate , 

— This salt was prepared in 82 per cent, yield by adding 3*52 grams 
of iodic acid (1 mol.) in 20 c.e. of water to a suspension of 6*5 grams 
of the bicarbonate in 10 e.o. of water. Carbon dioxide was evolved 
and the deep red liquid set to a hard red mass, to which 20 c.c. of 
water were added and the mixture ground up te» a thin paste. 
The iasoluble product, consisting of piirplish>red plates, paje 
purplish-pink by transmitted light, wa.s moderately soluble in 
water to a red solution, from which silver nitrate precipitate 



residual AFFINiry AND CO-OIIDINATION. PAHT X. 1965 

white silver iodate [Found ; Co = 12-1 ; NHg = 13-8; I = 25-9. 
C7H403Co(NH3)4l03(H20)3 Tequircs Co = 12*0; NH3 = 13-8; I = 
25-8 per cent.]. 

Salicyhtotetramminocobaltic iofhte resembles the normal alkali 
iodates in its tendency to combine with more iodic acid to form 
an. acid iodate. 

Sdicyhtotdra7nminoc,obaUic Nitrate (Formula II).— Salicylic acid 
(27-6 grams) was added to 190 c.c. of cobaltammine nitrate reagent 
(Sll-8 grams Co) and the brown mixture warmed at 70'" for ten 
minutes until it became deep red and deposited successively two 
crops of the sage green salicylate lake (7 i)er cent, yield). The filtrate,, 
concentrated over calcium chloride under reduced pressure and 
slightly acidified with 2iV.nitric acid, yielded 18 grams of roseo- 
cobaltic nitrate (30 per cent, yield). The final mother-liquor, 
evaporated to complete dryness at the ordinary temperature,' 
furnished 51 grams of brown powder, which was redissolved in 
the minimum amount of water. The salicylatotetrammine nitrate 
was precipitated by alcohol as a very hygroscopic, brownish-buff 
precipitate and dried over calcium chloride [Found: Co = 15-8 * 
NH3 - 17-9; HgO at 100" = 9-0. C7H403Co(NH3)4N03,3H20 re' 
quires Co =15-6; NHg 17-9; 2H2O = 9-5 per cent.]. The 
third molecular proportion of water was retained up to 135°. 

Sdicylatoteiramminocobaliic Sulphate, 

—The sulphate of the new series proved to be extremely soluble 
and attempts at preparing it from , salicylic acid and cobalUmmine 
reagent gave only a 13 per cent, yield of the required salt, the 
other products being roseocobaltic sulphate (48 per cent.) and the 
sage green lake (5 per cent.), but by decomposing salicylatotetr- 
amminocobaltic bicarbonate with the calculated amount of 10 per 
cent, sulphuric acid this sulphate ua.s readily obtained in small, 
bright damask-red plates, tlie yield being 92 per cent. (Found : 
Co = 16'9 ; NH3 ^ 19-5 ; 8 = 5-2 ; Jifi at 100° = 5-8. 

[|^7 ^ACo(NI^ 3)4]2SC)4,4H20 requires Co— 17-0; NHg = 19-6; 
8 = 4*6; 2H2O = 5*2 per cent.). The remaining water ^vas 
retained up to 135°. 

SalicyhtotetrarnTninocobaltic sulphate was extremely soluble in 
water to a deep red solution very prone to become supersaturated, 
so that, owing to slow decomposition, the salt could not be 
recovered as it yielded the sage green lake. With concentrated 
nitric acid the sulphate solution developed the characteristic green 
coloration exhibited by all the preceding and following salts of 
the sahcylato-series, 

^<ilicyktotetramminocobaUic Silicojiuoride (Formula IX).— A slight 
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deficiency of fii^-hydrofluosilicic acid was added to a 30 per cent, 
solution of the bicarbonate followed by a few drops of alcohol, 
when the liquid set to a thick crystalline paste consisting of 
purplish-rose, micaceous plates of the normal silicofluoride, which 
were very soluble in water but insoluble in alcohol or ether [Found : 
Co = 15'7; NH3-I84; F-15-L C,H4O3Co(NH3),SiF„4H20 
requires Co = 15-9; NH^ - 184; F = 154 per cent.]. 

In this salt and in the hydrogen silicofluoride the fluorine was 
estimated volumetrically hj’^ adding excess of calcium chloride to 
solutions of the silicofluorides, when calcium fluoride was produced 
and the equivalent amount of hydrochloric acid was set free ; the 
latter was titrated with standard alkali. 

8€ilicyl(itot£tTin)u)i inocobciltic Oxcildtc, 

[(Nn3)4Co<Q_i^ ^ 

—This salt was obtained in 80 per cent, yield by adding the calcu- 
lated amount of oxahe acid to a 60 per cent, solution of the normal 
carbonate; it consisted of dark red, flattened needles or plates, 


only moderately soluble in water [Found : Co ^ 184; NH3 == 20-9; 
CA -- requires Co = 18.2; 

NH3 20-9; CA ^ 

ScUicyUitotetnifnminocobaUic 7.-}^aphthyl(imineS’6ulphon(ite: 

. (NH3}4Co<^_V^ ^ ^ ^ 



—The a-naphthylamine-8-sulphonate was obtained as a heav)", 
crystalline, dark rod powder on adding 2*2 grams of Scholkopf 
acid to 3-24 grams of the bicarbonate dis.solved in 15 c.c. of 
warm water, the reagents being thoroughly mixed in a mortar. 
This salt, which wa.s practically insoluble in water, consisted 
of small, dark red plates (Found: Co- 11-6; NH3 - 13*8. 
[C7 HACo(NH 3)4 ]CioHs 03NS,H30 requires Co - 11-7 ; NH3 = 13*5 


per cent.). 

Salicylatotetraynminocobaltic Picrate, 


{NH; 




Hfi 


N02 

N02 


—A solution of 8-5 grams of the cobaltaraniine bicarbonate in 
18 c c of water was stirred with considerable excess of picric acid, 
the mixture evolved carbon dioxide, hut only on warming, and a 
heavy precipitate consisting of dark brownish-red plates w 
deposited; this was freed from picric acid and ammonium piew 
by prolonged extraction with cold water and acetone and subse- 
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quent washing ivith alcohol and ether. The product, when 
crystallised from hot water, separated in glistening, brownish-red 
six-sided pnsms or plates, bright red by tran.smitted light IFoiind • 

" I! fi ’ NH "" 1' requiies 

Co — ll'OJ iNJi 3 = 1*5-4 per cent.]. 

Salicylatotelramminocobaltic Carbonate, 


(NH3),Co< 


-96H4 
-CO . . . H 




,H,0. 


-.4 solution of the carbonate {6-5 grams) in 10 c.c. of nater, pre- 
pared by treating the bromide with moist silver carbonate' was 
diluted with an equal volume of alcohol, the solution cooled to 0 " 
and treated slowly with 5 c.c. of ether. A pink, amorphous pre- 
cipitate appeared which rapidly became dark red and cry.stalline 
.4fter two days in the ice-che.st, this precipitate was collected (3-8 
grams or 58 per cent, of theory). It consisted of purplish-red 
micaceous plates, pale red by transmitted light, and was very 
soluble in water. The solution was strongly alkaline to litmus 
and methyl-orange; it gave an immediate precipitate with barium 
chloride and evolved carbon dio.xide on acidifying I Found ■ Co = 
184; NH3 = 21-2; 003 = 6-8. C„H30 „Co 3(:NH3)3C03(H30)3 re- 
quires C = 18-4 ; NH3 = 21-2; CO, = 6-9 p;r cent J. 

II. Anhydrous Hydrogen Salts of the SoUcylatoeobaUammine Series. 

SalkylatotetrammmocobaUic Bicarbonate (Formula \TII) -I’lii,- 
salt, the key to the preparation of many other normal and acid 
.salts of the series, was prepared by triturating ()3-3 crams of 
sahcylatotetramminocobaltic chloride for one hour with freshly 
prepared silver carbonate and 35 e.e. of water. The inivlure 
changed from dark red to pink, and a slight odom- of ammonia 
Has iioliced. The filtrate from silver chloride w.is a deep rod 
uglily alkaline solution containing the serv solubb- normal car- 
bonate. Oil saturating witii carbon dio.xidc, the liquid set to a 
slilf purples , red paste of small, gli, stoning plates (45 grams or 
0) pel cent.). This bicarbonate was reciy.stallised from dilute 
alcohol saturated with carbon dioxide (Found : Co =. 18-3 ; NH -= 

^A*-^3 Co{NH 3)^CO,H requires Co 18-2; 

3 U, C02 — 13’6 per cent.J. 

The bicarbonate obtained in dark red plates w as slightly alkaline 
to taus and was moderately soluble in water, evolving carbon 

to the cold ruUar chloride 

uith k b, a ’’'''a”' ^'■bcylalotetramminocobaltic l.vdroxide 

the CO rd P °-^‘de led to decompositiorof 

nation complex and liberation of ammonia. 
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SalicyJatoielramminocobdUic Hydrogen Silicofluoride (Formula X) 
— This hydrogen salt was prepared by adding excess of 5-^'-hyd^o• 
fluosilicic acid to a 30 per cent, solution of the bicarbonate, when 
after one hour a mass of red crystals was obtained having a bright 
brownish- red tint by transmitted light (Found : Co = 14.4 . 

NH3 = 16-8; F = 28-2. [C7H403Co(NH3)4]SiFgH requires Co J 
14-5; NHj-lO'S; F = 28-1 per cent.). 

Salicylatotetrammiwcobaltic Hydrogen Dinitrate (Formula XI).-^ 
This acid nitrate was prepared in 68 per cent, yield by dissolving 
the bicarbonate in the equivalent amount of 2-5A^- nitric acid and 
by adding a further equivalent amount of 4iV'-nitric acid. The 
solution then set to a purple-red, crystalline paste consisting uf 
bright rose-red aggregates of glistening plates, which were stable 
in air, thus differing from the hygroscopic normal nitrate [Found : 
Co = 15*0 ; ISTHg 17*3 ; HNO3 - 15*8. C7H4O3Co(NH3)4H(N0 ) 
requires Co — 15*2 ; NHg = 17*5 ; HNO3 — 16*2 per cent.]. ^ ^ 

8alicylatotetra7nminocobaUic Hydrogen Diperchlorate {Fonmda 
XII). — Tavo equivalents of 2iV-perchloric acid vvcrc added to the 
bicarbonate, a blood-red solution was formed Avhich speedily set 
to a crystalline paste consisting of redcU.sh-brown, glistening plates 
stable in air and moderately soluble in w ater to a deep red, intensely 
acid solution [Found : Co = 12*7 ; XH3 — 14-7 ; HCIO4 ^ 21-9. 
C7H403 Co(NH 3)4(C104)2H requires Co = 12*7 ; NH3 - U-7 ; 
HCIO4 = 21*7 per cent.]. 

The normal perchlorate could not be isolated owing in all prob- 
ability to its extreme solubility in Avater or alcohol. 

8alicylatotetramminocobaUic Hydrogen Selenite, 

[(NH3),Co<[j”^^^‘H-]0-Se02. 

— The bicarbonate (6-5 grams) was ground up Avith 2 6 grams of 
selenious acid (1 mol.) and 10 c.c, of Avatcr. Carbon dioxide was 
evolved and a deep red solution Avas formed, from which nothing 
separated even on addition of alcohol. A further 2*6 grams of 
selenious acid in 5 c.c. of water Avas added together with an equal 
bulk of alcohol. From the solution, cooled in the ice-chest, dark 
red needles separated slowly. These crystals Avere readily soluble 
in Avater to a dark red solution which yielded red selenium on 
adding sulphurous and hydrochloric acids [Found: Co = 15*2; 
NH 3 = 17 * 2 ; Se-20*3. C,H,OoCo(NH3)4Se03 requires Co = 

15*1 ; NH3 17*4 ; Se - 20*2 per cent.]. 

III. Salic7jlatoktrammimcobaUic Hydrogen Sulphite (Formula Uf). 

The bisulphite Avas produced in 92 per cent, yield by passing 
excess of sulphur dioxide into a suspension of the bicarbonate 
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(9-7 grams) in 15 c.c. of water. An equal volume of alcohol was 
added and the solution cooled in ice, when red needles separated. 
Rccrystallised from hot dilute alcohol saturated with sulphur 
dioxide, the salt separated in dark purplish-red, acicular prisms, 
moderately soluble in water and distinctly acid to litmus; it 
evolved sulphur dioxide with dilute acids [Found : Co = 16'3 ; 
KH3 = 18-6 ; S = 8-9. C7H^03 Co(NH 3 )jS 03H,H20 requires Co = 
16-3; NHg = 18-8; S = 8-9 per cent.]. 

IV. The Colour Reaction of the Salicj/latotetramminocohaltic Salts. 

The red salicylatocobaltammine salts described in the present 
paper, when treated with 8xY-nitric acid (o mols.), dissolved to a 
dark green solution, the colour of which was so intense that it 
was still perceptible at a dilution of 1 part of cobalt in six million 
parts of water. This coloration, which is one of the most delicate 
colour reactions of cobalt, has served as a useful test in the pre- 
paration of the salicylatocobaltamminos. By using the bicarbonate 
and working in strong solutions, the dark cjnerald-grecn product 
has been isolated in solid granular form. The nature of the 
chemical change has not been coinplctely elucidated; it is, how- 
ever, certainly complex, leading to alteration of the cobaltammine 
complex and nitration of the salicylate group, 5-nitrosalicylic acid 
having been identified among the decojiiposition products of the 
green substance. This colour reaction is still under investigation, 

V. The Cobaltammine Reagent, 

The reagent employed in our earlier researches on cobaltammine 
lakes {he. cit.) and in the production of salicylatotetrammino- 
cobaltie chloride was prepared and idcntifKal as follows : An ice- 
cold solution of 23’S grams of cobalt chloride, CoCk^CHoO (Co ~ 0’9 
grams), and 8-5 c.c. of 12.Y-hydrogen peroxide (H2O2 == 1-7 grams) 
in 15 c.c, of water was added slowly to 57 c.c. of 18.Y-ammonia 
(XH3 = lo-3 grams) maintained at Ok On evaporating nearly to 
dryno.ss over calcium chloride, the intensely dark brown solution 
yielded 19 grams (76 per cent.) of flattened, reddish -purple needles. 
This product, which was found to be hydrox open tain in inocobal tic 
chloride, [H0-Co(XH3)JCk,H2O (Werner, Bcr., 1907, 40, 4098), 
^^as characterised by adding solid potassium iodide to its con- 
centrated aqueous solution, wlien the broviiisli- purple hydroxo- 
pentamminocobaltic iodide separated (Found : Co — 14-1. 
[HO*Co(NH 3)3]T2 requires Co — 14-2 per cent.). 

When in the foregoing preparations the reagents were not cooled, 
05 per cent, of the nionohydroxo- derivative was obtained 

3v* 
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together with 8 per cent, of a mixture of purpureo- and roseo- 
cobaltic chlorides. The other products were uncrystallisable and 
remained on concentration in the dark red strongly alkaline syrup, 
which probably contained highly basic salts including Werner’s 
hexahydroxododeca-amminotetracobaltic chloride, 
[Co{(HO),Co{NH3),j3]Cl6 
{Ber., 1907, 40 , 2103), 

VI. iVo^e on the Preparation of HexamminocobaUic Chloride [Luko- 
cobaltic Chloride) in the Rotating Autoclave. 

The various cobaltammincs can be converted readily into hex- 
amminocobaltic chloride, the final stage of ammination, by 
digestion with aqueous ammonia in the rotating autoclave (T., 
1920, 117 , 780). 

1 . From Chloropentamminocohaltic Chloride {PurpureocobaUk 
Chloride), — A 400 c.c. open bottle containing 25 grams of purpureo- 
chloride, suspended in 100 c.c. of 18A-ammonia, was tightly packed 
by means of asbestos cord into the rotating autoclave. The tem- 
perature was raised gradually to 100° (pressure 30 lb. per sq. in.) 
and then to 120° (45 lb. pressure). After thirty minutes at the 
liigher temperature, the autoclave was stopped and cooled. The 
bottle then contained a mass of large, reddish-brown crystals of 
hexamminocobaltic chloride. The mother- liquor, on addition of 
an equal bulk of alcohol, yielded a further crop of this salt (total 
yield = 25 grams or 90 per cent.). 

2. From the CobaUammine Reagent. — By this method one can 
proceed directly from a cobaltous salt. An open 500 c.c. bottle, 
packed securely in the autoclave, was charged in succession vdih 
24 grams of hexahydrated cobalt chloride dissolved in 100 c.c. of 
water, 85 c.c. of loA'-ammonia, 16 grams of ammonium chloride 
in 50 c.c. of water, and 20 c.c. of 5A-hydrogen peroxide. The 
dark brown solution was heated slowly during one and a half hours 
to 140° (100 lb. pressure) and the autoclave then cooled. A crop 
of the orange luteo- chloride was separated, and the mother-liquor 
acidified slightly with lOxY-hydrochloric acid, when a further crop 
was obtained (total 20 grams). The filtrate was then used to 
dissolve 24 grams of hexahydrated cobalt chloride, and 85 c.c. of 
15iY-ammonia and 20 c.c. of 5A' -hydrogen peroxide were added. 
The brown solution was heated during one and a half hours to 
164° (150 lb. pressure). After cooling, 29 grams of large, brownish- 
orange crystals of luteo -chloride were collected and dried at 100 
(total yield from the two successive heatings = 49 grams or 91 per 
cent,). 
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(9-7 grams) in 15 c.c, of water. An equal volume of alcohol was 
added and the solution cooled in ice, when red needles separated. 
Reciystallised from hot dilute alcohol saturated with sulphur 
dioxide, the salt separated in dark purplish-red, acicular prisms, 
moderately soluble in water and distinctly acid to litmus; it 
evolved sulphur dioxide with dilute acids [Found ; Co = 16-3; 
NH3 = 18*6 ; S = 8-9. C7H^03Co(NHg)^S03H,H20 requires Co = 
16 3; NHg — 18-8; S = 8-9 per cent.]. 


IV. The Colour Reaction of the Salicylaloietramminocobaltlc Salts. 

The red salicylatocobaltamminc salts described in the present 
paper, when treated with 8iV-nitric acid {5 mols.), dissolved to a 
dark green solution, the colour of which was so intense that it 
was still perceptible at a dilution of 1 part of cobalt in six million 
parts of water. This coloration, which is one of the most delicate 
colour reactions of cobalt, has served as a useful test in the pre- 
paration of the salicylatocobaltammiiies. By using the bicarbonate 
and working in strong solutions, the dark emerald-green product 
has been isolated in solid granular form. The nature of the 
chemical change has not been completely elucidated; it is, how- 
ever, certainly complex, leading to alteration of the cobaltammine 
complex and nitration of the salicylate group, 5-nitrosalicylic acid 
having been identified among the decomposition products of the 
green substance. This colour reaction is still under investigation. 

Y. The Cobaltammine Reagent. 

The reagent employed in our earlier researches on cobaltammine 
lakes {loc. cit.) and in the production of salicy la tote tram mino- 
cobaltic chloride was prepared and identified as follows ; An ice- 
cold solution of 23-8 grams of cobalt chloride, CoCl2,6H,0 (Co = 5*9 
grams), and 8*5 c.c. of 12 A- hydrogen peroxide (H2O2 ^1-7 grams) 
in 15 c.c.^of water was added slowly to 57 c.c. of 18.Y-ammonia 
(NHg = 15-3 grams) maintained at O’. On evaporating nearly to 
dryness over calcium chloride, the intensely dark brown solution 
yielded 19 grams (76 per cent.) of flattened, reddish-purple needles. 
Ihis product, which was found to be hydroxopentamminocobaltic 
chloride, [HO-Co(NH3)3]Cl2,H20 (Werner, Ber., 1907, 40, 4098), 
was characterised by adding solid potas.riLim iodide to its con* 
centrated aqueous solution, when the brownish -purple hydroxo- 
pentamminocobaltic iodide separated (Found : Co ~ 14-1. 
^ requires Co ~ 14'2 per cent.). 

When in the foregoing preparations the reagents wore not cooled, 

only 60 per cent, of the monoliydroxo-deriTative, was obtained 
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together with 8 per cent, of a mixture of purpureo- and roseo- 
cobaltic chlorides. The other products were uncry^tallisable and 
remained on concentration in the dark red strongly alkaline syrup, 
which probably contained highly basic salts including Werner’s 
hexahydroxododeca-amminotetracobaltic chloride, 
[Co!(HO)2Co(NH,)4}3]Cl6 
{Ber., 1907, 40, 2103). 

VI. Note oil the Preparation of He^nmminocobaltic Chloride [hiteo- 
cobaltic Chloride) in the Rotating Autoclave. 

The various cobaltammines can be converted readily into hex- 
amminocobaltic chloride, the final stage of ammination, by 
digestion with aqueous ammonia in the rotating autoclave (T 
1920, 117, 780). 

1. From ChloropentamminocobaUic Chloride {PurpureocobaUic 
Chloride ). — A 400 c.c. open bottle containing 25 grams of purpureo- 
chloride, suspended in 100 c.c. of 18iV-ammonia, was tightly packed 
by means of asbestos cord into the rotating autoclave. The tem- 
perature was raised gradually to 100° (pressure 30 lb. per sq. in.) 
and then to 120“ (45 lb, pressure). After thirty minutes at the 
higher temperature, the autoclave was stopped and cooled. The 
bottle then contained a mass of large, reddish -browm crystals of 
hexamminocobaltic chloride. The mother-liquor, on addition of 
an equal bulk of alcohol, yielded a further crop of this salt (total 
yield = 25 grams or 90 per cent.). 

2. From the Cobaltammine Reagent . — By this method one can 
proceed directly from a cobaltous salt. An open 500 c.c. bottle, 
packed securely in the autoclave, was charged in succession with 
24 grams of hexahydrated cobalt chloride dissolved in 100 c.c. of 
water, 85 c.c. of 15 A”- ammonia, 16 grams of ammonium chloride 
in 50 c.c. of water, and 20 c.c. of 5 A- hydrogen peroxide. The 
dark brown solution was heated slowly during one and a half hours 
to 140“ (100 lb. pressure) and the autoclave then cooled, A crop 
of the orange luteo- chloride was separated, and the mother- Hquor 
acidified slightly with lOiY- hydrochloric acid, when a further crop 
was obtained (total 20 grams). The filtrate was then used fo 
dissolve 24 grams of hexahydrated cobalt chloride, and 85 c.c. of 
loA-ammonia and 20 c.c. of 5 A- hydrogen peroxide were added. 
The brown solution was heated during one and a half hours to 
164“ (150 lb. pressure). After cooling, 29 grams of large, brownish- 
orange crystals of luteo-chloride were collected and dried at 100 
(total yield from the two successive heatings = 49 grams or 91 per 
cent.). 
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CCXXXVI.—^TAermd Expansion of Gelatin Gels. 

By Alan Tapfel. 

In their determinations of the expansion of various glasses on 
heating, Peters and Oagoe {Scientific Papers, Bur. of Standards, 
No. 393), on plotting expansion against temperature, obtained 
curves which were roughly linear for a considerable range of 
temperature, and then, within a region which never exceeded 40^, 
changed direction, still continuing linear and indicating a two- to 
seven-fold increase in the expansion. About 7o° above this “ critical 
region ” the glass softened and contracted. 

The object of the present research was to discover whether gels, 
gelatin gels in particular, showed the same behaviour when heated 
to their melting point. 

A preliminary experiment was tried with an instrument of the 
shape of the ordinary gla^ss bulb- thermometer. The gelatin sol 
was introduced into the bulb, allow^ed to set, and covered with 
mercury, and the whole was then warmed in a well-stirred bath 
of water at the rate of 2® per hour until the temperature reached 
30". When the readings in the capillary stem were plotted against 
temperature, a curve w^as obtained wiiicii appeared to consist of 
two linear portions joined by a fairly sharp bend at about 21"; 
the difference of slope between the tw’o was, however, not very 
great; the change of slope was in the direction of increased ex- 
pansion. This gel was of 10 per cent, concentration of gelatin 
by weight. A second measurement with a 15 per cent, gel gave a 
smooth curve with no indication of a break. 

A more accurate instrument was now designed ; the form w'hich 
it assumed finally is that shown in Fig. 1 . 

It consists of a glass bulb, 6f 85 o.c. capacity, to which is 
a tached a graduated capillary tube, B, of area of cross section a 
tie more than 0-02 sq. cm. The capillary is bent upwards and 
tainates in a glass tube, C. The bulb of the dilatometer is closed 
y a brass disk, F , to the underside of which is cemented a small 

3 y2 
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circle of rubber sheeting. This cap is pressed down on the opeuing 
of the bulb by the arrangement of screws shown; Z) is a ooilar 
of copper cemented with fusible metal to the neck of the dilate- 
meter; the two screws, turn about halfway in the collar; 
the brass disk, J, can slide up and down along these screws, whilst 
H screws into J. Thus by tightening up and then the 
cap is pressed firmly down, and the bulb closed securely , without 
danger of letting in air or water. A stopcock had been tried in 
place of this arrangement, but was found to be unsatisfactory 
owing to the action of warm water on the lubricant. 

The capillary tube, B, was calibrated, previously to sealing 
to the bulb, by joining to it a capillary tap, and surrounding the 
upper part of the burette thus made by a jacket of circulating 
water at constant temperature. The tube was filled with clean 


Fio. 1. 



dry mercury, and portions of this were run out and weighed, read- 
ings of the different levels of the meniscus being made with a catheto- 
meter fitted with a micrometer eyepiece. Each centimetre division 
was found to correspond, on the average, to about 0-0205 c.c. 

To fill the dilatometer, a weighed quantity (about 10 c.c.) of 
mercury was introduced, followed by the gelatin solution, which 
was allowed to flow out from the jet of an inverted wash-bottle 
containing the gelatin into the bulb of the dilatometer via the neck, 
the flow being hastened when necessary by pumping air into the 
space above the solution. The introduction of air-bubbles and 
froth was avoided by allowing the inverted bottle to stand, the 
rising of the bubbles to the surface of the solution bang 
facilitated by evacuating the space above the solution. e 
screw cap was then closed tightly in such a way that the bun 
was completely fuU of gelatin and mercury, and the meniscus o 
the latter at a convenient point of the capiUary. The 
was weighed to find the mass of tlie gel, and was then fixe m 
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^ell-stirred thermostat with a glass front, through which the 
mercury meniscus, suitably illuminated, could be read with a 
horizoutally mounted cathetometer fitted with a micrometer eye- 
piece. When warming, temperature lag was found to be avoided 
by heating in steps instead of continuously. 

The thermometer used was graduated in tenths of a degree, 
hundredths being easily estimated, and was read through a catheto- 
meter which could move vertically. It was standardised with ice 
and with sodium sulphate decahydrate, and calibrated by tapping 
off threads of mercury of different lengths, and running these along 
the hore under a travelling-microscope. The thermometer was 
placed vertically in the hath, with its bulb touching that of the 
dilatometer, and was tapped, as was likemse the capillary tube, 
before being read. 

The gelatin used in the following experiments, unless otherwise 
stated, was Nelson’s Photographic No. 1; it was very kindly 
supplied gratis by Messrs. Nelson Dale & Co. The gel was in 
every case prepared by soaking the air-dried gelatin in distilled 
air-free water for two and a half hours, which was a long enough 
period for the dissolution of this easily soluble brand, and dis- 
persing on the water- bath at 50® for twenty minutes, with stirring. 
It was then at once brought into the dilatometer, and kept for 
eighteen to twenty-four hours before measurements were made. 

The concentration of the gels was determined by keeping them 
over phosphoric oxide in a vacuum over- night, and then heating 
at 100° in the electric oven, in a dry atmosphere, until the weight 
was constant. Heating in the steam -oven did not drive off the 
water so readily and completely as the above method. Prolonged 
heating of the gelatin at 100® seems to bring about a slow decom- 
position, with a resulting decrease in weight. 

Calibration . — The dilatometer was calibrated for different tem- 
peratures by bringing into it about 10 c.c. of clean, dry mercury, 
and filling up with distilled, air-free water. The temperature of 
the bath was raised in steps, and time allowed for equilibrium to 
be attained at each step. The reverse process, that is, discon- 
tinuous cooling, was also carried out ; the readings were the same 
as for heating. From a knowledge of the specific volumes of water 
and of mercury at the various temperatures, the volumes of the 
bulb up to the zero were calculated, with the following result-s : 


11-90“ 15-68“ 16*81“ 19'41“ 20-98“ 22*15“ 

Vol. of bulb in c.c. . 84-9012 84*9102 84*9128 84-9190 84*9227 84-9246 

24* 1 5“ 26’ 30“ 28- 94“ 30* 1 0“ 

voLofbulbinc.c.. 84*9295 84*9347 84*9411 84*9434 


If these values are plotted on a graph, the points obtained will lie 
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on a straight line. The mean coefficient of cubical expansion oi 
the glass composing the bulb for the range of temperature used 
0*0422 

is, from the above, “jg,20 x 84-9W2 ~ 0'0000273, or the mean 

coefficient of linear expansion = 0*0000091, 

M.&isuYtifTwuls . — Unless otherwise stated, the concentration of 
a gel is taken as the weight of dry gelatin per 100 grams of gel. 
A 10 per cent, gelatin was first tried, and this gave a smooth curve 
when its expansion was plotted against temperature. A gel of the 
same concentration prepared from the brand of gelatin employed 
in the preliminary experiments (Nelson’s Commercial Leaf) was 
then introduced into the dilatometer, and the bath heated at the 
rate of 2° per hour. A smooth curve was again obtained. The 
experiment was repeated, and the same result obtained. No break 
in the curve could be made to appear, either with this or with 
other samples of gelatin at various concentrations, although different 
rates of heating were tried and the temperature was raised in steps; 
also, the gels were melted and then cooled very quickly or very 
slowly, but the curve was always of the same shape. 

The curves for the gels whose expansions are tabulated below 
are quite regular for temperatures up to, at, and above the melting 
point of the gel, that is, when the gel melts there is no sudden 
change in volume. The curves are flatter than those for water, and 
the flattening is the more pronounced the more concentrated 
the gel. 

Table I. 

Expansion of gelatin gels. 


Concentration of gel. 


Temp. 

Wat or. 

2-02<'^,. 

5-0 

8-90%. 

16-49%. 

24-81%. 


Vol. of 

Vol. of 

Vol. of 

Vol. of 

Vol. of 

Vol. of 


1 gram 

1 gram 

1 grain 

1 gram 

1 gram 

1 gram 


in c.e. 

in c.c. 

in c.e. 

in e.c. 

in c.c. 

in c.c. 

15-00^ 

1-OOOS74 

0-994158 

O' 984345 

0-970959 

0-946113 

0-918213 

17-00 

1-001200 

0-994497 

O-984702 

0-971364 

0-946568 

0-918783 

1900 

1-001571 

0- <194880 

0-985110 

0-971815 

0-947085 

0-919400 

21-00 

1-001985 

0-995204 

0-985572 

0-972308 

0-947GC0 

0-920035 

22-00 

1-002208 

0-995533 

0-985815 

0-972001 

0-947994 

0-920400 

24-00 

1-002685 

0-996030 

0-986360 

0-973183 

0-948672 

0-921135 

26-00 

1-003201 

0-996563 

0-986941 

0-973792 

0-949380 

0-921891 

2S-00 

1-003 ;o5 

0-997129 

0-987546 

0-974401 

0-950095 

0-922660 

30-00 

1-004346 

0-997 742 

0-988190 

0-975057 

0-950834 

0-923442 

32-00 

1-004972 

0-998359 

0-988820 

0-975729 

0-951589 

0-924245 


Mean Coefficient of Expansion.— Tho mean coefficients of ex- 
pansion between 15" and 32" for the different gels given below are 
obtained by dividing the increase in volume between the two 
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temperatures by the product of the volume at 16*00° and the 

temperature range. 


Cone, of gel. 
24-81 
16-49 
8-90 


Mean coeff, 
of exp. 
(15_32«). 
0-0003864 
0-0003407 
0-0002891 


Cone, of gel. 
5-04 
2-02 


Mean coeff. 

of exp. 
(15^2''). 
0 0002674 
0-0002486 
0 0002414 


0-00 (pure water) 


The results show that the mean coefficient of expansion increases 
with increasing concentration of the gel, being, for a 25 per cent, 
gel, more than one and a half times as great as for pure water. 
If coefficients are plotted against concentrations, the relation 
between the two is seen to be a linear one. 

Specific Volume . — When the volumes of 1 gram of gel at 15-00° 
and at 32*00°, respectively, are plotted against concentration, two 
straight lines are obtained, which diverge slightly as the concen- 
tration increases. 

Purified Oehtin . — As much as possible of the impurities con- 
tained in the Photographic No. 1 brand of gelatin was removed 
by washing in running tap -water for thirty hours, and after this 
with very many changes of distilled water. The swelled gelatin 
was dispersed as usual, and its expansion measured. The values 
given for the unwashed gel are those interpolated from the specihe 
volume-concentration curve. 


Cone, of gel. Temp. 
10-35 15-00" 

„ 21-00 

„ 26-00 

,, 32 00 


Vol. of 1 gram in c.c. 
Purified gel. Unwashed gel. 
0-968302 (l•9^>65 

0-969737 

0-971249 — 

0-973251 0-9715 


It is seen that the specific volumes of the purified gel are larger 
than those of the impure gel. The mean coefficient of expansion 
of the former for the range 15—32° is 0 000297, of the latter 
0-000304. 


of Hydrogc7i4on Concentration on Expansion. 

A 10 per cent, gel was introduced into the diiatonieter, and its 
expansion measured. Concentrated hydrochloric acid was added 
to make the concentration of acid in the bulb 0*02iV, the cap closed 
down, and the whole kept ovor-night; the expansion was then 
measured, the change of volume of the contents of the bulb caused 
by the addition of the acid being a very slight one. More acid 
was introduced to make the solution 0*1 5 A, and a measurement 
again made, and again with O'loA^-acid, In each case the coefficient 
of expansion of the gel was found to he practically unchanged by 
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the acid. A second series of measurements was made with well, 
washed gelatin, acid being added to give 0-01 A'- and O'OSA-solutiona. 
As before, there was no change in expansion, although it was 
thought that since gelatin swells to a much greater extent in acid 
solutions of these concentrations than in pure water, there might 
have been some accompanying effect on the expansion of the 
gels. 

Expansion of Dry Gelatin. 

It has been shown that the coefficient of expansion of a gel ig 
greater than that of pure water, and increases linearly with in- 
creasing concentration of the gel. We may now inquire whether 
this is due to the possession by gelatin itself of a coefficient of 
expansion larger than that of water. 

The specific volume of sohd gelatin was accurately determined 
at 18'’, 25°, and 32° in a specific gravity bottle, toluene being used 
as the displaced liquid. The bottle was calibrated with air-free 
distilled water, and also with pure dry toluene, at these three 
temperatures. Air-dry gelatin, cut into small pieces, was heated 
at 100° in a dry atmosphere for thirty hours (sample A), and for 
forty hours (sample B). The toluene was dried over phosphoric 
oxide and distilled therefrom into a receiver protected from atmo- 
spheric moisture by a calcium chloride tube. The values obtained 
were : 

Vol. of 1 gram of 
dry gelatin in c.c. 


Temp. 

Sample A. 

Sample; B. 

18- 00^ 

0 7417 

0-7417 

25- 00 

0-7430 

()-7429 

:i200 

0-7445 

0-7445 


These values agree very closel}". The mean coefficient of expansion 
of dry gelatin is, from the above, 0*00027 1 ; that for water for the 
same range is 0 000241 ; that is, gelatin expands somewhat more 
rapidly with rising temperature than does water. But when it is 
considered that, for instance, the coefficient of a 25 per cent, gel is 
0-000386, and that only one- quarter by weight of this gel consists 
of gelatin, it is evident that, unless the coefficient for gelatin in- 
creases to an extremely large degree when gelatin is associated 
with water in a gel, it is not to the expansion of the gelatin that 
we must look for the cause of the large coefficients possessed by 
the gels. 

Ludeking (Ann. Phjs. Chfm., 1888 [iii], 35 , 552) determined the 
density of gelatin gels by weighing them in air and in water, and 
showed that the density of the gel is greater than that calculated 
additively from the densities of its constituents. He ascribed this 
to a powerful contraction of the water in the gel 
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111 Table II is given the total contraction in volume (as calculated 
from the results given in Table I and the density of dry gelatin at 
different temperatures) resulting when water in requisite amount 
is added to 1 gram of dry gelatin to give gels of the concentrations 
tabulated. It will be seen that, at any one temperature, this 
contraction is constant. That is, 1 gram of dry gelatin always 
causes the same total contraction of the gel, no matter with how 
much water it is associated. At IS'*, whether 3 c.c. of water or 
50 c.c. are added, the total contraction is 0-073 c.c. ; and at 32° the 
contraction is 0-065 c.c. 

This implies, of course, that the relation between the contraction 
of a gel containing 1 gram of water and the concentration of the 
gel expressed as grams of gelatin per 1 gram of water is given by 
the simple equation : contraction ~ a x concentration, where a 
is a constant for any one temperature, but itself decreases with 
rising temperature. In fact, if contraction and concentration are 
plotted against each other, a straight line is obtained as the curve 
for 15°, and another straight line for 32°, the two lines passing 
through the point for water (that is, zero grams of gelatin per 
gram of water, and zero contraction) and diverging rapidly with 
increasing concentration. That the curves pass through the water- 
point indicates that the measurements are accurate. It can also 
easily be shown that the contraction for any one gel decreases 
practically linearly with rising temperature. 

Table II. 

Temp. 15-00°. 

Sum of vols. 



C.c. of 

of added 

C'.c. of gel 


Cone, of gel. 

water added 

water and 

containing 

Contraction of gel 

Weight per 

to 1 gram 

of 1 gram of 

1 gram of 

containing 1 gram 

cent. 

of gejaiiii. 

gelatin. 

gelatin. 

of gelatin. 

24-81 

:t0335 

3-7747 

3-7009 

0 0738 

16-49 

5-0684 

5-8096 

5-7374 

0-0722 

H-90 

10-2442 

10-9854 

10-9101 

0-0753 Mean = 0-073 

5-04 

18-8580 

19-5992 

19-5298 

0-0694 

2-02 

49 047 9 

49-7891 

49-7158 

0-0733 



Temp. 3: 

2-00°. 


24-81 

3-0456 

3-7900 

3-7251 

0-0049 

16-49 

5-0899 

5-8344 

5-7708 

0 0636 

8-90 

10-2858 

11-0303 

10-9629 

0-0674 Moan =0-005 

5-04 

18-9341 

19-6786 

19-6171 

n 0615 

2-02 

49-2461 

19-9906 

49-9237 

0-0669 


If this contraction is an actual contraction of one or both of the 
constituents of the gel, then 

(1) Both gelatin and water may bo contracted. 

3y* 
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(2) Considering the water only, the whole of the water in the 

gel may be uniformly contracted, the greater the quantity 
of water the less is the contraction per c,c. ; or 

(3) A portion only of the wate^ in the gel is contracted, this 

portion being in amount the same per fixed weight of 
gelatin for gels of different concentration; in other words, 
there is a layer of compressed water about the gelatin 
particles, and this layer is not affected in amount by 
varying the amount of water in the gel. 

It is difficult to realise in what way the attractive force which 
gelatin exerts on water, and vice versa, can distribute itself uniformly 
throughout all the water molecules present, decreasing regularly 
in intensity as the water content increases. It seems, on the other 
hand, very probable that only a part of the total water is con- 
tracted, and that when dry gelatin has taken up this amount of 
water, any additional water imbibed by it is not contracted, or 
only very slightly. Possibly the condensed water, by its attraction 
for the gelatin particles, may decrease the cohesion existing between 
the particles in the dry solid, thus causing the separative tendency 
cf the kinetic energy of translation of these particles to become 
more effective, and, in the presence of an excess of water, enabling 
the particles to move apart to some new position of equilibrium; 
that is, the gelatin swells to -a definite limit, the uncontracted 
. water being retained in the pores thereby developed. 

There is a possibility tliat the contraction resulting from the 
bringing together of gelatin and water is not due to an actual 
contraction of either, but to a filling up of pores which may exist 
in solid gelatin. Since a contraction was observed when the 
specific volume of gelatin was determined under toluene, evidently 
toluene cannot enter these pores. If the observed contraction ia 
a measure of the volume of the pores, then this volume will be 
0'073 c.c. at 15^ and 0-065 c.c. at 32° per 1 gram of gelatin. Jhe 
volume of 1 gram of gelatin under toluene is 0*7412 c.c. at 15° and 
0*7445 c.c. at 32°. The actual specific volume of gelatin should 
be, therefore, 0-7412 - 0*073 = 0-668 c.c. at 15°, and 0*7445 -' 
0*065 = 0-680 c.c. at 32°, which would give for the mean coefficient 
of expansion of dry gelatin between 15° and 32° the enormous 

value ^ =0*0106. It is very improbable that this is 

0*668 X 17 , 

the actual coefficient for dry gelatin; and it seems, then, that m 
contraction cannot be attributed to a penetration of pores m sohd 

gelatin by water. . , 

From Table II, it will be seen that the contraction of a gei a * 
creases with temperature the more rapidly the more concentra e 
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the gel, since, in the case of a 25 per cent, gel, 3*7009 c.c. at 15® 
suffer a decrease in contraction of 0*008 c.c. when heated to 32®, 
whereas, in the case of a 2 per cent, gel, the same decrease is spread 
over 49’7158 c.c. It is evidently due to this that the coefficient of 
expansion of a gelatin gel increases with its concentration and 
is greater than that of water. In measuring the thermal expansion 
of a gel, we are superposing three volume changes; the expansion 
of the gelatin, the expansion of the water, and the decrease of 
contraction of the gel. 

The experiments of Schroeder (Z. physikal. Chem., 1903, 45, 75) 
on the imbibition of water and of water vapour by dry gelatin also 
suggest that only a fraction of the water in a gelatin gel is contracted. 
He found that a plate of dry gelatin, suspended in an atmosphere 
saturated with water- vapour, took up less than one-half its weight 
of water after twenty days. The plate was then immersed in water, 
when, after one hour, it imbibed six times its weight of water. 
The figures he gives for vapour absorption are, 0*904 gram of dry 
gelatin absorbs 0*374 gram of water, or 1*000 gram of gelatin absorbs 
0*414 gram of water. If we are justified in assuming that it is this 
amount of water which is the portion of water in each gel contracted, 
then at 15° 0*414 gram of water decreases in volume by 0*073 c.c. 
It would require an externally applied pressure of 12,000 or more 
atmospheres to produce this contraction in water. 

It may not be considered irrelevant, perhaps, to discuss, at this 
point, an interesting curve expressing the relationship between 
setting point and concentration of gelatin jellies {Sheppard and 
Sweet, J. hid. Eng. Chem. 1921, 13, 413). 

The curve is of the type shown in Fig. 2, and contains a double 
flexure, one at about 10 per cent., the other at about 70 per cent, 
concentration. Now a rough estimation of the distance apart of 
the particles of gelatin in a jelly may be made by imagining the 
volume of jelly containing 1 gram of gelatin to be in the shape of 
a cube, and that w*e have n® particles distributed evenly over this 
volume. The distance apart of the particles will be approximately 

volume /w. If these distances are plotted against concentration 
(weight per cent.), a hyperbola is obtained (Fig. 2), If, then, the 
setting point (or the melting point) is dependent on the distance 
apart of the particles, being higher the smaller this distance, then 
from 0 per cent, to about 10 per cent, concentration the setting 
point should rise rapidly, since the distance between the particles 
decreases rapidly. Above 10 per cent, and up to 100 per cent., 
the distance decreases slowly and almost linearly, and the setting 
pomt should increase slowly and almost hnearly up to 100 per 
cent, concentration. This is actually the case up to 70 per cent. 

3y*2 
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According to Schroeder, 0*904 gram of dry gelatin, when placed in 
an atmosphere saturated with water vapour, can absorb a maximum 
of 0*374 gram of water. The concentration of this “ gel ” would 

^ ~ Thus, when the concentration of 

a gelatin gel reaches 70 per cent., the particles of gelatin in it ap. 
proach each other within a distance which is of the order of the 
thickness of the sheath of condensed water surrounding them 


2 , 



At this distance they enter into a region where very large forces 
come into play, and this corresponds with the second point of 
inflection of the curve. 


The. Temperature of Maxbnuin Density of Gelatin Gels. 

It is a familiar fact that the density of pure water passes through 
a maximum at about 4°. The presence of a salt or of other dis- 
solved substance generally has the effect of lowering this temperature 
of maximum density; sodium chloride, for instance, produces a 
lowering which is proportional to the concentration of the salt m 
the same way as with the freezing point of water. An external 
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pressure applied to water also lowers the temperature of maximum 
density* 

Scott (e/. Physical Ckem., 1914, 18 , 677) found that gelatin 
depressed the temperature of maximum density of water, and the 
author was led to make some measurements with electrolyte-free 
gelatin in the dilatometer described in the first part of this 
paper. 

The gelatin used was “ Nelson’s Powdered,” It was purified by 
Smith’s method {J. Amer. Chem. Soc., 1921, 43, 1350) ; the powdered 
gelatin is washed with a cold 10 per cent, solution of sodium 
chloride containing a little hydrochloric acid, to remove difficultly 
diffusible salts of calcium, iron, etc., and alkali ; the concentration 
of the solution is then reduced to 1 per cent., no acid being now 
added, and the gelatin washed with this ; the washing solution is 
made more and more dilute, and finally several litres of distilled 
water are used, until the water contains no trace of chlorine ion 
as evidenced by silver nitrate solution. The purified gelatin is 
dispersed at 50° for twenty minutes, and at once introduced into 
the dilatometer, and kept over-night. 

In observing the temperature of maximum density {t.m.d.), the 
bath was brought to 0° with ice, and if a lower temperature than 
0° was required, a mixture of crushed ice and salt was added to 
the ice-cold water. The temperature of the bath was allowed to 
rise slowly, and was noted when the capillary ceased receding 
and again when it commenced advancing, the meniscus usually 
remaining stationary for about 0-5°; the mean of the two tem- 
peratures was taken as the apparent temperature of maximum 
density. A series of readings of meniscus and thermometer was 
also taken round about the region of maximum density. Allow- 
ance was made for the change of volume of the glass bulb and 
the mercury, and by plotting the volumes of the gel at various 
temperatures near the temperature of maximum density against 
these temperatures a close estimate could be made of tho real 
temperature of maximum density of the gel. The results obtained 
were as follow : 


Cone, of gel. 
Grams of dry 
gelatin per 100 

T.m.d, 

T.m.d. 

grams of water. 

by expt. 

calculated. 

000 

+ 4'0= 

4'0= 

3-60 

4- 2-0 

-f 2-5 

7*05 

-j- 1‘3 

4- l-.'S 

13*00 

- 1-2 

- 1-0 


When the concentration, expressed as above, is plotted against 
the lowering of the temperature of maximum density below 4°, 
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the foul points obtained lio on a straight line, that is, for the above 
range of concentration, we may write : 

Lowering of t.in.d. — constant X cone, of gel. 

The lowering produced by gelatin is by no means small, mO 
compares with that effected by many non-electrolytes (Landolt. 
BSrnstein, “ Physikalisch-Chemischen Tabellen,” p. 340); for 

Cone. (wt. %). T.m.d. 

Sucrose 

Two contributory causes of this action of gelatin on water are 
immediately obvious. They arc, the thermal contraction of the 
gelatin content of the gel, and the increase in the contraction on 
imbibition of the gel as a whole (as shown in Table II), with falling 

temperature. , . i 

The thermal contraction of gelatin itself is hnear, or nearly so, 
between 32° and 15°. The increase in the contraction on imbi- 
bition of the gel is also linear between these temperatures. If ive 
may assume that both remain linear to temperatures a few degreea 
below 0°, the temperature of maximum density for different gels 
can be calculated. , , 

Thus, for a gel containing 13 grams of gelatin per 100 grams of 
water, or approximately 1 gram of gelatin per 8 grams of water 
the volumes containing 1 gram of gelatin are as follow ; at 4 
volume of 8 grams of water = 8-00000 c.c. ; volume of 1 ^ara of 
gelatin = 0-7390 c.c. ; contraction = 0-0785 c.c. ; volume of gel = 
8'66050 c.c. 

The similarly calculated values at other temperatures are : 2 , 
8-65935 c.c.; 0», 8-65876 c.c.; - 1”, 8-65868 o.e.; - 2“ 8-65818 
„c - -3» 8-65896 c.c.; -4°, 8-65930 c.c. Hence the tern- 

IMirature of maximum density for this gel by calculation is - 1-0. 
The value found experimentally is - l-2». The calculated vato 
for the different gels are summarised in column three of the above 

table, under “ t.m.d. calculated.^’ ^ . r * 

The agreement between calculation and experiment indicate 
that the two factors mentioned above are the sole causes o 
lowering of the temperature of maximum density of water by 
gelatin. It throws light, too, on the means by which an extemalb^ 
applied pressure lowers the tempe^pture of maximum densi j 
water. Pressure produces a decrease in the volume of a mas o 
water, and since the oompressibihty of water increases with 
■ temperature, as the temperature is lowered, so the cont 
produced by the constant external pressure increases, 
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iocreasing contraction, that is, decreasing volume, acts against the 
expansion of the water which begins to take place at 4^ and thus 
lowers the temperature of maximum density by an amount which 
depends on the pressure applied. That is, the molecules of a mass 
of water under pressure still undergo that process by which the 
mass is caused to contract, when cooled, until the temperature is 
at 4^ and then to expand, but the phenomenon is masked and 
made to appear as though it occurs at a temperature lower than 4*. 

^Summary, 

1. An accurate dilatometer has been described, and a method of 
filling it with gelatin solution free from air-bubbles. 

2. Gelatin gels expand regularly with increasing temperature, 
the curves of expansion being similar to that of water, but flatter 
in proportion to the concentration of the gel ; the curve shows no 
sudden change in direction as does glass below its softening 
point. The coefficients of expansion, and specific volumes for 
any one temperature, are a linear function of the concentration 
of the gel. Hydrogen ion does not affect the coefficient of 

expansion. 

3. The contraction resulting on the swelling of gelatin in water 
is a linear function of the concentration of the gel expressed as 
grams of gelatin per gram of water at any one temperature, and 
of the temperature for any one gel. Another way of expressing 
this is to say that 1 gram of gelatin is always associated with the 
same contraction in a gel at any one temperature, no matter how 
much water is contained in the gel; this contraction is 0*073 c.c. 
per gram of gelatin at 15■00^ and 0*065 c.c. at 32-00°. This 
indicates that a fraction only of the water in a gel is contracted, 
the weight per gram of gelatin undergoing contraction being the 
same for gels up to at least 25 per cent, concentration by weight. 
The contraction of a gel is shown not to be due to a filling- up of 
pores in solid gelatin by water. 

4. An explanation has been offered of the curve of double flexure 
obtained by Sheppard and Sweet for the relationship between 
concentration and setting point of gelatin gels, 

5. The temperatures of maximum density of gelatin gels up to 
12 per cent, concentration have been determined. Gelatin lowers 
th^e temperature of maximum density of water by an amount 
directly proportional to its c^centration, expressed as grams of 
gelatin per 100 grams of water. The lowering has been shown to 
be due to the ordinary volume changes of dry gelatin with changing 
temperature, and the change in the amount of contraction on 
imbibition of gels when the temperature varies. 
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debtedness to Br. M. W. Travers, at whose suggestion, and under 
whose guidance, this research was carried out. My best thanka 
are also due to my professor, F, G. Bonnan, for the kind interest 
which he always showed in this work, and for his helpful criticism ; 
and to I^Ir. E. Bloom, of Aberdeen University, for the services 
rendered me during the research. 

Physical Chemistry Department, 

University College, London. [RBceived, May 23yd, 1922.] 


CCXXXVll.—Diacetylacetone. 

By John Norman Collie and Amy Ada Beatrice Reilly, 

In two former papers (T., 1905, 87, 1451 ; 1921, 119, 1550) it 
was pointed out that diacetylacetone behaved abnormally both 
in its chemical and physical properties, if its molecular structure 
were that represented by the ordinary formula. Since then Morgan 
and Drew (this vol.,' p. 928) have found the same with acetylacetone. 
In the present paper the action of a considerable number of 
reagents on diacetylacetone has been tried, It does not behave 
as a triketone, nor as a compound containing ordinary hydroxyl 
groups. As there are so many possibilities in representing the 
molecular formula of a compound C^H^oOg, all that can be said 
at present is that the atoms are linked together probably in a ring 
or rings, and that the open-chain formula for diacetylacetone is 
inadequate to explain either its properties or reactions. 

Experimental. 

Diacetylacetone.— The most convenient method for the pre- 
paration of this compound is the following : Dehydracetic acid 
is boiled with strong hydrochloric acid until the evolution of 
carbon dioxide ceases. The bulk of the acid is removed by dis- 
tillation under reduced pressure. The residue is then neutralised 
with sodium hydroxide, excess of barium hydroxide added, and 
the mixture just brought to tlie boiling point. The heavy, yellow 
precipitate is collected, decomposed with hydrochloric acid, and 
shaken out with chloroform. The chloroform is distilled off and 
the residue fractionated under reduced pressure. The diacetylace- 
tpne boils without decomposition at 121°/10 mm. The distillate 
does not solidify to a solid mass of crystals for some time. H 
the refractive index be taken, there is evidence that molecular 
change occurs. The freshly distilled substance has a refractive 
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index 1*4890, it then rapidly changes to 1*4988, when a band 
forms and darkens, and finally, when the substance crystallises, 
it becomes constant at 1*4930. 

puring the preparation of one batch of diacetylacetone, after 
the diacetylacetone had distilled over, a considerable residue was 
left in the flask. The residue was dissolved in alcohol, and on 
cooling a crystalhne compound separated. After purification, it 
melted at 184 — 185*" and was colourless (Found: C ^ 72*5; 
H = 6*2. C 14 H 14 O 3 requires C ^ 73-0; H — 6*1 per cent.). 

2 C 7 HJ 0 O 3 — Ci 4H4403 -f- 3 H 2 O. 

With strong sulphuric acid it gives a deep green colour on warming. 
With moderately strong sodium hydroxide it gives an insoluble 
sodium salt ; this dissolves on warming, the solution turning yellow. 
Acids precipitate this solution, giving a lemon-yellow compound, 
m p. 125—130“. This yellow compound dissolves in strong sul- 
phuric acid with a red colour. The compound, m. p. 184°, gives no 
colour with ferric chloride. 

Diacetylacetone was treated with the following reagents : 

Methyl sulphate gave only dimethylpyrone. With diazo- 
methane, nitrogen was evolved and dimethylpjTOne formed. 
Zinc ethyl in benzene had no action. Benzaldehyde and formalde- 
hyde were without action. Di- and tri-ethylamine, and piperidine 
gave a yellow naphthalene compound, m. p. 181° (C 44 H 44 O 3 ). 
Benzoyl chloride had no action. Phosphorus pentachioride in 
chloroform gave dimethylpyrone. Triethylamine in chloroform 
with iodine gave the compound C 7 H 7 O 3 I (T., 1921, 119, 15-50). 

Phenylhydrazine Compow )^^/.—Phenylllyd^azinc and diacetylace- 
tone, when w^armed together, react with evolution of heat. The 
resulting compound melts at 142° and is apparently the same 
compound obtained by Feist from the chloride of dehydra cetie 
acid (Feist, Annalen, 1890, 257,278) (Found; C = 74*6, 75*2; 
H = 6 - 8 , 7*0 ; N = 17-C. C 49 H 20 X 4 requires C = 7o-0 ; H 6 - 6 ; 
N = 18*4 per cent.) 

C7H10O3 + 2C6H5-NH*NHo - C19H20X4 + 3H2O. 

Phenylhydrazine has no action on dimcthylpjTone. 

Semicarbazom . — When diacetylacetone is treated with excess 
of a slightly alkaline solution of scmicarbazide liydrochloride, 
and left to stand for a day, a crystalline precipitate slowly forms ; 
the crystals continue to separate for over a wTck. The crystals 
were dissolved in hot dilute acetic acid. A granular precipitate 
separated on cooling. The filtrate from tlie granular precipitate, 
on standing, gave a further crop of crystals that separated in long, 
silky needles. These were evidently the chief product of the 
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reaction. When pure, they melt at 203°. Heated to 100°, they 
do not lose weight (Found: C = 58-3, 57*8, 57-2; H == 6 * 1 , 6 - 0 , 
5*5, CgHgONj requires C = 58-8 ; H 5*5 per cent.). 

C7H10O3 + CH5ON3 = C8H9ON3 + 3 HaO. 

The semicarbazone forms salts with both acids and bases. 

Hydrochloride f CgHi^OgNgjHOl. — When strong hydrochloric 
acid is added to the semicarbazone a crystalline precipitate is 
formed. It was recrystallised from alcohol. Its solution in water 
is acid to litmus paper (Found ; in material dried at 100° 
C=43'9; H = 6 ’l; N = 19*4; Cl = 16*2, 16'6. CgHiiOgNg^Hci 
requires C = 44'1; H = 6*5; N = 19*3; Cl = 16*3 per cent.), 
The determination of the chlorine by precipitation with silver 
nitrate is difficult to carry out, for unless the solution is acid with 
nitric acid the silver salt of the semicarbazone is precipitated with 
the silver chloride, and at the same time the nitric acid produces 
a buff-coloured precipitate that can only be got rid of by pro- 
longed boiling with fuming nitric acid. The hydrochloride is 
most easily analysed by titration with iV/lO-sodium hydroxide 
solution. The hydrochloride, when dried at 140°, loses both 
water and hydrochloric acid, leaving the base CgH^ONg (Loss 
found = 24*1. CgHgONgjHCljHgO requires loss == 25*1 per cent.). 

Sulphate , — This salt also is not very soluble [Found : in 

material recrystallised from water and dried at 100 °, as 

BaSOi, SO 4 = 21*5; by titration with A 7 lO-NaOH, SO 4 = 20 * 8 . 
(^ 8 ^ 11 ^ 2 ^ 3 ) 232^04 requires SO 4 = 20*8 per cent.]. 

Oxalate . — This salt also is not very soluble (Found ; in 

material dried at 100°, C 2 O 4 = 19*8. CgHi 402 N 3 ,H 2 C 204 requires 

C 2 O 4 = 19‘2 per cent.). 

Sodium Sail . — When a strong solution of sodium hydroxide is 
added to a solution of the semicarbazone the sodium salt is pre- 
cipitated in silky needles. The solution of the sodium salt is 
strongly alkaline (Found : Na = 11*9, 12*0, 12*0. CgH 4 Q 02 N 3 Na 
requires Na = 11 ‘3 per cent.). 

Barium Salt . — The salt is precipitated by adding a hot solution 
of barium hydroxide to a solution of the semicarbazone [Found : 
Ba = 28*0. (C 8 H 4 Q 02 N 3 ) 2 Ba requires Ba=:27‘6 per cent.]. The 
semicarbazone dissolves in strong ammonia, but crystallises out 
on allowing the solution to evaporate. A solution of the semi- 
carbazone gives a white precipitate with silver and mercury salts, 
but none with those of copper, lead, or iron. 

^ The semicarbazone can be boiled with 90 per cent, sulphuric 
acid without decomposition. Boiled with strong sodium hydroxide, 
ammonia is very slowly, evolved. Heated with zinc dust in a 
current of hydrogen, a small quantity of a pyridine base, probably 
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lutidine, is formed. When a solution of the semicarbazone hydro- 
chloride, cooled in ice, is treated with sodium nitrite, no nitrogen 
is evolved. But if an excess of nitrous acid be present, the solution 
turns yellow, and on warming a bright green, crystalline com- 
pound separates, having the colour of copper arsenite [Found ; 
ia air-dried material, G = 42'2 ; H = 6-0. C8Hig02N3(N0),H20 
requires C = 42* 1 ; H = 5'2 per cent.]. The air-dried substance, on 
heating at 100®, loses 7*5 HgO ; 1 mol. HgO = 7*8 per cent. [Found : 
(j = 46*3; H = 4*1 ; N = 26*7. C8 Hjq 02N3(N0) requires C 45*7; 
H = 4'7; N = 26'6 per cent.]. The compound, on heating, does 
aot melt, but suddenly pufis, yielding brown vapours. 

The granular precipitate mentioned above in the preparation 
of the semicarbazone does not seem to be a derivative of diacetyl- 
acetone [Found: C-20-7; H-b’O; N = 47*6. (CH3ON2)* 
requires C = 20*3 ; H = 5T ; N ~ 47 '4 per cent.]. 

The substance is almost entirely insoluble in all organic solvents, 
but dissolves slightly in boiling water, and more so in hot hydro- 
chloric acid, from which it is precipitated by water. It also dis- 
solves in hot sodium hydroxide, and on boiling there is a slight 
smell of ammonia. Heated with strong sulphuric acid, carbon 
dioxide is evolved. 

It might be a compound (CO*NH*NH2)2, but all attempts to 
hydrolyse it and form oxalic acid failed. Also, owing to its great 
insolubility, attempts to determine its molecular weight were 
unsuccessful. It is not formed when strong solutions of semi- 
carbazide hydrochloride and sodium hydroxide are left for months. 

Carbamide Compound, — Diacetylacetone, when heated with carb- 
amide, reacts, and the mixture turns solid. On extracting with 
alcohol, crystals separate. They are best purified by dissolving in 
hot hydrochloric acid and precipitating with water, and then melt 
at 267—270®. They can be sublimed in shining plates {Found ! 
G = 56*9; H = 5*4; N — 8*5. CgH^OgN requires C = 57*4; 
H = 5*4; N = 8*4 per cent.). 

Hydroxylamine reacts with diacetylacetone, but the resulting 
compound is a deliquescent liquid and decomposes when heated. 
It cannot be distilled under reduced pressure, and forms no in- 
soluble or crystalline compounds with either acids or bases. It 
was therefore not further investigated. 

The Ralph Fobsteb Laboratoky or Orgamo Chemistry, 

U.MVERSITY College, London. [ Rveeived , July \ 0tk , 1922.] 
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CCXXXVlll.—Nitro-derivatives of m-Nitrodimethyl 
aniline. 

By Aquila Forster and WnxiAM Cottlson. 

During the preparation and study of 2 : 3 : 4 : 6-totranitrophenyl. 
methylnitroamine some nitro- derivatives of 3-nitro-di- and -mono* 
methylanilines have been added to those already described by 
Romburgh and others. The constitutions of these have been 
established, and of those prepared by Romburgh confirmed. Some 
interesting cases of steric hindrance and isomerism have been 
observed among these compounds. 

Romburgh [Eec. irav. chirn,, 1887, 6, 253) and GroU (Rer,, 1886, 
19 , 199) obtained by the nitration of 3-nitrodimethylaniline with 
nitric acid [d 1*2) and also with mixed sulphuric and nitric acids, 
a mixture of two substances melting at 176° and 112°, respectively, 
to which Romburgh assigned the constitutions of 3 ; 4- and 3 : 6- 
dinitrodimethylanilines, respectively. He obtained the same 
mixture by nitrating dimethylaniline dissolved in sulphuric acid 
with a cold mixture of sulphuric and nitric acids. By the 
nitration of 3-nitrodimethylaniline with a mixture of dilute sul- 
phuric and nitric acids Swann (T., 1920, 117 , 3) obtained a 
^-modification, m. p. 154°, of the dinitrodimethylaniline melting 
at 176° mixed with the dinitrodimethylaniline melting at 112°. 

According to Romburgh (i?ec. ivav. c^u/i., 1889, 8, 273) the 
dinitrodimethylaniUne melting at 176° (3 : 4), when dissolved in 
nitric acid {d 1*36), gave a mixture of two trinitrodimethylanilines, 
m. p. 154° and 196°, respectively, whereas the dinitrodimethyl- 
aniline melting at 112° gave only one trinitrodimethylaniline, 
m. p. 196°. The latter trinitrodimethylaniline was also obtained 
by Swann (loc. ciL) by nitrating the 3 -dinitrodimethylaniline 
melting at 154° with 70 per cent, nitric acid. 

3-Nitrodimethylaniline has been found to nitrate readily with 
70 per cent, nitric acid to a mixture of the trinitrodimethylaniline, 
m. p. 196°, already described by Romburgh, and a substance 
melting at 138°. This substance has been shown to be 2:3:6- 
trinitrodimethylaniline * by conversion into 4.bromo-2 : 6-dimtro- 
1 : 3 -di(raethylnitroamino)bcnzene (X), and by its decom- 
position by means of aqueous sodium hydroxide solution into 
dimethylamine (converted by means of picryl chloride into di- 
methylpicramide) and 2 : 6-dimtro-l : 3-dihydroxybenzene. 

♦ The substance mentioned by Blanksma {Rec, irav. chim., 1902, 21» ^66) 
as 2 : 3 : 6- trinitrodimethylaniline \rith reference to Romburgh (ibrn., 18 , i 
274) is 2 ; 3 : 4-trinitrodiraethylamline. 
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The isolation of 2:3: 6*tiinitrodimethylaniline determines by 
elimination the constitutions of the unsymmetric nitro-di- and 
-mono-methylanilines. There are three trinitrodimethylaniliiies 
derived from 3-nitrodimethylaniIine now known, melting at 154°, 
197 °, and 138°, respectively. The substance melting at 197° was 
oxidised by Swann to 3:4: 6-trinitromonomethylaniline (VIII), 
the constitution of which he determined by conversion into the 
corresponding anisidine. This conclusion has now been confirmed 
by heatmg the oxidation product with dilute sodium hydroxide 
solution, when monomethylamine (converted into monomethyb 
picramide), and 4 : 6-dinitro-l : 3-dihydroxybenzene, m. p. 235°, 
^ere obtained. Hence the substance melting at 197° is 3:4: 6- 
trinitrodimetbylanihne (V). 

The substance melting at 154° may now be the 2 : 3 : 4- or the 
3:4: 5‘trinitrodimethylaniline. Romburgh, however, converted it 
by means of methylamine into a substance which nitrated to 
2:4: 6-trimtro-l : 3-di(methylnitroamino}benzene, thus proving 
its constitution as 2:3: 4-trimtrodimethylaniline (IV). 

Further, together with 2:3:6- and 3:4: G-trinitrodimethyl- 
anilines it gives with boihng nitric acid 2:3:4: 6-tetranitrophcnyl- 
methylnitroamine, m. p. 145° (Vll), the 5-position in which must 
therefore be vacant, no pentanitrophenylmethylnitroaminc (m. p. 
132°) being obtained. 

Only two dinitrodimethylanilincs are known, melting at 112° 
and 176°, neither being the 3 : o-dinitrodimethylaniline which, 
although not isolated, is stated by Blanksma (i?ec. trav. chim., 1902, 
21, 266) to nitrate to pentanitrophenylmethylnitroamine, m. p. 
132°. The substance melting at 176° cannot have the para-position 
open, because in that case one of its trinitro-derivatives would be 
2 : 3 : 6'trinitrodimethylamhne ; by nitration, however, it gives a 
mixture of 3 : 4 : 6-trinitrodimetliylaniline (m. p. 196°) (V) and the 
trinitrodimethylaniline melting at 154°. Hence it is the 3 : 4- 
dinitrodimethylaniline (I). The substance melting at 112° gives by 
nitration only the 3 : 4 : 6-trinitrodimethylaniline; further, it has 
now been converted by bromi nation and nitration into 4-bromo- 
2 : 3 : 6.trimtrophenylmethylmtroamine, m. p. 165° (XII), proving 
the (para) 4-position to be vacant. Hence it is the 3 ; 6-dinitro- 
dimethylaniline (II). 

2:3; 6 -Trinitrodimethylaniline and one molecule of nitric acid 
gave a substance melting at 153°. Cold aqueous ammonia converted 
this into a substance melting at 187°, shown to be 3-aminodi- 
raethylpicramide (XXII) by its preparation from cold aqueous 
dimethylamine and 2:3:4: 6-tctranitroaniline, and by its nitration 
to 2:4: 6- trinitro-3 -hydroxy })l:cnylnicthyl nit roamine (2 : 3 : 4 ; 6- 
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tetranitroaniline and monomethylamine gave 2:4; 6-trinitro-3, 
aminomonomethylaniline, m. p. 190°). The substance melting at 
153° is therefore 2:3:4: 6-tetranitrodimethylaniline (XIX). 
Boiling nitric acid converted it into 2:3:4: 6-tetranitrophenyI. 
methyhiitroamino. 

3:4; C-Trinitromonomethylaniline (XVI) has now been found 
to nitrate in nitric acid to a substance melting at 143-5°. This 
substance was converted by means of sodium hydroxide solution 
into 4 : 6‘dinitro-l : 3 > dihydroxy benzene, and by sulphuric acid 
into a substance melting at 127°. The latter substance gave with 
cold aqueous monomethylamine 2:4: 6-trinitro-l : 3-di(mono- 
methylamino) benzene, m. p. 235° (XXI), and therefore is2:3:4:6- 
tetranitromonomethylaniline (XX). Hence the substance melting 
at 143-5° is 3:4: 6-trimtrophenylmethyliiitroammc (XV). 

3:4: 6-TrinitrophenylmethyInitroamine is a white, crystalline 
solid, stable in nitric acid, from which it crystallises in hard, white 
needles. Boiling 90 per cent, nitric acid only slowly nitrated it 
to 2 : 3 : 4 : 6-tetranitrophenylmethylmtroamine (VII) (m. p. 147°; 
crystallised from nitric acid). Aqueous ammonia gave 4 : 6-di- 
nitro-S-aminophenylmcthylnitroamine, m. p. 169°. One molecule 
of potassium hydroxide in boiling alcohol converted it into 4 : 6- 
dinitro-3-ethoxyphenylmethyIuitroamine, m. p. 135-5°, which with 
alcohohc monomethylamine gave 4 : 6-dinitro-3-monomethylamiiio- 
phenylmethylnitroamine, melting at 181-5° and nitrating in boiling 
90 per cent, mtric acid to 2 : 4 : 6-trinitro-l : 3-di(methylnitro- 
amino) benzene, m. p. 206°. Cold acetone rapidly decomposed it, 

Similarly, 2:3: 4-trinitromonomethylaniline (XVIII) has been 
found to nitrate to a substance melting at 122-5°, which was 
shown to be 2 ; 3 ; 4-trinitrophenylmcthylnitroamine (XVII) by 
its conversion by means of sodium hydroxide solution into 2 : 4- 
dinitro-1 : 3-dihydroxy benzene, m. p. 167°. Boiling 90 per cent, 
nitric acid only slowly nitrated it to the tetranitro-nitroamine. 

Steric Hindrance. 

The positions occupied by nitro-groups during the nitration of 
3-nitrodimethylaiuline and its derivatives appear to be largely 
controlled by steric hindrance. 

Thus all attempts to prepare 2 : S-dinitrodimethylaniline by 
nitrating 3-nitrodimethylaniline gave only 3 : 4- and 3 : 6-dinitrO' 
dimethylanilines. Further, 3 ; 6-dinitrodimethylaiiiline was recrys- 
tallised unchanged from 70 per cent, nitric acid at 40°, in which 
3 : 4-dinitrodimothylaniiine readily nitrated to give 3:4: 6-tn- 
nitrodimethylaniline mixed with a little 2:3; 4 -trimtrodimethyl- 
aniline (at 60° to 70°, it gave pur© 3:4: 6-trimtrodimethylanilinc). 
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There was evidence, however, that 2 ; 3-dinitrodiinethyIamIine 
was formed during the nitration of 3*nitrodimethylanihne with a 
stronger and less selective acid, such as 70 per cent, nitric acid 
at 40®, when 2:3: 6-trinitrodimethyIaniline mixed with 3:4:6- 
trinitrodimethylaniline was obtained. As sho'wn above, this sub- 
stance could not have been formed under these conditions from 
3 : 6-dinitrodimethyIaniline, but was presumably derived from the 
intermediate 2 : 3 -dinitrodime thy] aniline. 

Steric hindrance again appeared to play an importance role 
in the nitration of the trinitrodimethylanilines, resisting the entrance 
of a niti’O-group in the ortho-position between a methylnitroamino- 
group and a ?w-nitro -group, or even adjacent to a methylnitro- 
ainino-group alone. This has already been indicated in the resis- 
tance to further nitration in hot 70 per cent, nitric acid of3:4:6- 
and 2 : 3 : 4-trinitrophenylmethyinitroamines. It was fully shown 
in the nitration of 3:4: 6-trinitrodiraethylaniline (V). This 
.substance, when dissolved in 90 per cent, nitric acid at O'’, was 
converted quantitatively into pure 2:3:4: 6-tetranitrophenyl- 
methylnitroamine, m. p. 147° (VII); but wiien this solution was 
made at 20° instead of at 0°, a mixture melting at 104—106° * and 
consisting of 3:4: 6-trimtrophenylmethylnitroaraine (XV) and 
2:3:4: 6-tetranitrophcnylmethylnitroaminc was obtained. This 
mixture remained unchanged in 90 per cent, nitric acid at 60°; 
boiling 90 per cent, nitric acid, containing a little sulphuric acid, 
slowly nitrated the 3:4: 6-trinitrophenylmethylnitroamine to 
2:3:4:6-tetranitrophenylmethylnitroamine, and after several 
hours converted the mixture into the latter substance, m. p. 147°. 

This indicated that when the dimethylamiiio-group had been 
converted into a methylnitroamino-group by oxidation and nitration 
before the ortho-position adjacent to tlie ?»-nitro -group had been 
filled, the ortho-position v as sufficiently protected to prevent the 
entrance of a nitro-group except l)y comparatively drastic means. 
At low temperatures, tlie conversion of the dimethylamino-group 
into a methylnitroamino-group appeared to take place slowly, 
allowing the ortho -positions to be previously nitrated; at the 
ordinary temperature and above, some methyinitroa min o -nitration 
occurred before the ortho-position was occupied, the latter being 
then protected. Confirming this explanation, 2:3: e-trinitrodT- 


This mixture could not be fractionated by crystallisation from nitric 
«cia but was converted by alcohol and sodium hydroxide solution into a 
^ m. p. 135*5% and 

cf r i m. p. 9S% tlie constituents 

uhliT 1 by crystallisation from alcohol and identified. These 

L’ ^ alcoholic mctliylamine the corresponding nitromcthvl. 

aminonitroammes, melting at 18b5'^ and 192% respectively. 
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methylardline, in which the adjacent ortho •positions are occupie^j^ 
when dissolved in 90 per cent, nitric acid at 20*^, gave a quantitative 
yield of 2:3:4: 6-tetramtrophenylmethyInitroainine, m. p. 147'> 

The oxidation of 3 ; 4 : 6-trinitrodimethylaniline (V) to 3 : 4 : 6. 
trinitromonomethylaniline (XVI) by 70 per cent, nitric acid at 
high temperatures without further nitration (Swann, foe. ctlj 
supports tills view. Further agreement was obtained from the 
nitration of 3:4: O-trinitromonomethylaniline (XVI), which gave 
at 0® and at 20® quantitative yields of 3 : 4 : 6-trinitrophenylmethyl- 
nitroamine, m. p. 143*5® (XV). 

2:3: 4-Trinitrodimethylaniline (IV) in nitric acid gave in each 
case quantitative yields of 2 : 3 : 4 : 6-tetranitrophenylmethyl. 
nitroamine. It would appear that nitration in the 6-position of 
2:3: 4-trinitrodimethylanihne was complete before oxidation of 
the di met hylamino -group, even at high temperatures, and that 
steric hindrance in the absence of an adjacent w-nitro -group was 
less than in the case of 3 : 4 : 6-trinitrodiniethylaniline. As already 
described, 2:3: 4- trinitromonomethylaniline nitrated first to 
2:3: 4 -trinitrophenylmethylnitroamine, after which the methyl- 
nitroamino -group evidently protected the 6-position, even in the 
absence of an adjacent M-nitro- group, sufficiently to prevent its 
occupation by a nitro-group except by drastic means. 

Oxidation, 

By the action of hot dilute nitric acid on 3:4: 6-trinitrodi- 
methylaniline, Swann (foe. cit.) removed one of the methyl groups 
by oxidation and obtained 3 : 4 : 6-trimtromonomethylaiiiline, 
m. p. 199°. This oxidation has been applied to 2:3:6- and 
2:3: 4-trinitrodimethyIanilines. The former gave only phenolic 
substances ; from the latter a good yield of 2 : 3 : 4-trinitromono- 
methylaniline was obtained identical with the product obtained by 
Romburgh by the oxidation of 2:3: 4-trinitrodimethylaniline 
with chromic acid. 

Romburgh oxidised 3 : 6-dinitrodimethyIaniline with chromic 
acid to 3 : 6-dinitromonomethylaniline, m. p. 166°. This oxidation, 
applied to 3 : 4-dinitro(iimethylaniline, was found to give 3 : 4- 
dinitromonomethylaniline, m. p. 156°; with boiling 20 per cent, 
nitric acid an orange compound melting at 166° (unchanged from 
sulphuric acid) was obtained. 


Bi'omination. 

Bromine water added to 3 -nitrodimethylaniline dissolved ni 
dilute hydrochloric acid precipitated a substance melting a 



NITRO-DBIIIVATIVES of w-nitrodimethylaneline. 1995 


which was shown to be 4-bronio-3*nitrodimethylaniline * (XI) 
hv its quantitative preparation by the cold nitration of 4-broino- 
dimethylaniline, . m. p. 55®. 4-Bromo-3-nitrodimethylaniline was 
nitrated to 4-bromo-2 : 3 : 6 -trinitrodimethylaniline (scarlet), m. p. 
107 ®^ which by further nitration yielded a white nitroamine, 4- 
bromo-2 : 3 : 6 -trinitrophenylmethylnitroaniine (XII), m. p. 165®, 
The constitution of this substance was proved by its reaction with 
monomethylamine to give 4-bromo-2 : 6-dinitro-3-niethylamino- 
phenylmothylnitroamine (XIII), m. p. 176®, formerly prepared 
from 3 : 4-dibromo-2 ; 6 -dinitrophenylmethylnitroamine (XIV) by 
pianksma {Rec. trav. chim., 1902, 21, 415), and which by further 
nitration gave 4-bromo-2 : G-dinitro-l : 3-di(methylnitroamino)- 
benzene (X), m. p. 174® with decomposition (Blanksma, loc, cit.). 

3 : 6 * and 3 : 4-DinitrodimethyIaniline were found to brominate 
readily, giving 4-bromo-3 : B-dinitrodimethylaniline, scarlet form, 
m, p. 108®, orange form, m. p. 174® ; and 6-bromo-3 : 4-(iinitro* 
dimethylaniline, scarlet form, m. p. 119®, orange form, m. p. 131®, 
respectively. These compounds appeared to exist in a number of 
chromoisomcric forms, of which only two were examined. By 
nitration, they gave the corresponding nitroamines, 4-bromo- 
2 : 3 : 6 -trinitrophenylmethyhiitroamine, m. p, 165®, identified with 
that prepared from 3 -nitro dimethylaniline, and 6-bromo-2 :3:4- 
trmitrophenylmethylnitroaminc, m. p. 116®, respectively. 

Attempts to brominate 2:3: 6 -trinitrodimethylaniline left it 
unchanged, the para-position apparently being protected. After 
replacing the 3-nitro-group by monomethylamine, giving 2 : 6- 
dimti'o-3-raetliylaniinodimethylaniline (VI), m. p. 119®, bromination 
took place readily, giving 4-broTno-2 : 6-dinitro-3-methylamino- 
dimethylaniline (IX) melting at 114°, which by nitration yielded 
a nitroamine, m. p. 174®, identified with 4-bromo-2 : 6-dinitro-l : 3- 
di(methybitroamino) benzene (X) obtained as described above from 
4-bromo-3-nitrodimethy]aniline. 

SitbstituHon of the m-Nitro-grouj). 

Romburgh {Proc. K. Aheui. Wdenscli. Amsterdam^ 1915, 17, 
1034) observed the reactivity of the w-nitro-group in 2 : 3 : 4- and 
3:4: 6 - trinitrodim ethyl aniline and in 2:3:4: 6 -tetranitrophenyl- 
metliylnitroamine, substituted for it amino- or alkylamino- groups, 
and prepared a number of derivatives. Similarly, Swann (loc. cit,) 
prcpai'ccl an anisidine from 3:4: 6 -trimtromonomethylaniline. 

The 3-nitro-group in 3 : 4-dinitrodimethylaniline has been found 
• Identified with the substance melting at 94'’ described by Ephraim and 
ifochuli {Ber.y 1916, 48, 360). The substance, m. p. 72“, described by Koch 
(fier., I8s7, 20, 2961) as 4-bromo-3-nitrodimethylaniIinG is 4 bromo-2-mtro- 
diTneUiylaniline {vide Piimow, Z?rr., 1898, 31, 2984). 
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to be mobile, but less so than that in the trinitrodimethylanilines; 
with monomethylamine, the dinitrodimethylaniline gave 4-nitro, 
3 -inonomethylaminodimethylaniline, m. p. 117®. Tl^ product 
nitrated quantitatively in nitric acid to 2 : 4 : 6-trinitro-l :3, 
di(methyhiitroaniino)benzene, m. p. 206®. 

2:3: 6-Trinitrodimethylanilme, in which the 3-nitro-group has been 
found to be similarly mobile, gives with aqueous sodium hydroxide 
solution 2 : 6-dinitro-3-hydroxydimethylaniline, m. p. 191® ; with 
aqueous ammonia 2 : 6-(iinitro-3-aminodimethylaniline, m. p. 160"; 
with aqueous monomethylamine 2 : 6-dinitro-3-monomethylamino- 
dimethylaniline, m, p. 121®; and with alcoholic aniline 2:6. 
dinitro-3-anilinodimethyIaniline, m. p. 135®. 

Similarly, the m-nitro-group in the 2 : 3 : 4 : 6-tetramtromethyl- 
anilines was found to react readily in the cold. Thus 2 : 3 : 4 : 6- 
tetranitrodimethylaniline (XIX) gave with cold aqueous ammonia 
2:4: 6-trinitro-3-arainodimethylaniline (XXII), m. p. 187®, and 
2:3:4: 6-tetranitroraonomethylaniline (XX) (from 3:4: C-tri- 
nitrophenylmethylnitroamine and sulphuric acid) with aqueous 
monomethylamine gave 2:4: G-trinitro-l : 3-di(monomethyl. 
amino)benzene (XXI), m. p. 130°. 

The conversion of the amino- to a nitroami no -group increased 
the mobility of the ?u-nitro*group. Whereas all the nitro-di- and 
-mono-methylanilines were found to be stable in boiling water and 
neutral solvents, the nitroamines prepared from them decomposed 
rapidly in hot water, in cold alcohol, and in acetone. Thus, for 
instance, a marked distinction in properties was found between 
2:3:4: 6-tetranitromonomethylaniline (also 2:3:4: 6-tetranitro- 
dimethylaniline) and the isomeric 3:4: 6 -trinit rophenylmethyl- 
nitroami ne (compare also van Duin, Bee, trav. chvM.f 1920, 39, 145). 

4-Bromo-2 : 3 : 6-trinitrodimethylaniline {vide supra) was found 
to be remarkably stable; the m-nitro-group, evidently protected 
by the bromine, was not attacked by methylamine or ammonia. 
The introduction of a nitroamino -group, however, rendered the 
wz-nitro-group reactive, and several derivatives were prepared. 

Chromoisomerism. 

Chromoisomerides excepting nitroamines appear to consist in 
red and yellow or orange modifications, of wliich the latter usually 
have the higher melting points. They all, however deeply coloured, 
give colourless solutions in sulphuric, nitric, or acetic acid. c 
yeUow form is obtained as a rule from dehydrating acids, and 
the red modification in the presence of aqueous solvents or 
aqueous acids. Thus in some cases, when a concentrated solution 
of the nitroaniiine in sulphuric acid is gradually diluted with wa r 
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to the point of precipitation, the yellow form appears, but when 
the solution is poured into a large excess of water the red form 
jnay he obtained. In the case of 3 : 6-dimtrodimethylaniline, which 
is red, a yellow modification was precipitated by cooling a warm 
saturated solution in acetic acid saturated with hydrogen chloride 
gas; when isolated, however, it rapidly reverted to the red form. 

Chromoisomerides appear to be more prevalent among the 
nitro- and bromonitro-dimethylanilines than among the corre- 
sponding monomethylanilines. 

3 : 6-Diiutrodimethylaniline, (a) scarlet, m. p. 112^ from alcohol 
and from nitric or acetic acid; {b) orange to yellow, unstable, 
obtained by adding hydrogen chloride to a saturated solution in 
glacial acetic acid. 

4.Bromo-3 : G-dinitrodimethylaniline, (a) scarlet, m. p. 108 ^ 
from alcohol containing hydrogen bromide, or from nitric acid by 
dilution; (&) light yellow, m. p. 174°, from alcohol and from 
sulphuric or acetic acid by precipitation Mth water. 

6.Bromo-3 : 4-dinitrodimethylaniline, (a) scarlet, m. p. 119°, 
from alcohol; (6) yellow, m. p. 131°, from acetic acid. 

2:4: 6-Trimtro-3-hydroxyphenylmethyhiitroamine, (a) white, 
m. p. 186°, from nitric acid; (6) lemon yellow, m. p. 175°, from 
water. 

Hmochromoisomerism.^d : 4 : 6-Trinitromonomethylaniline, 
lemon yellow, (a) m. p. 201°, from acetone; (6) m. p. 132°, from 
nitric acid. 

Imhromisomerim—^ : 4 : 6-Trinitrodimethylamline, m, p. 198°, 
(d) orange-red, from acetone ; (b) lemon-yellow, from sulphuric 
acid by precipitation ^vith water. 

3- Nitrodimethylaniline, m. p. 57°, from (a) orange-yellow to 
(6) deep red. 

2 : 4 : 6.Trinitrophenylmethylnitroamine, m. p. 128—129°, (n) 
white, from nitric acid ; (6) yellow, after fusion. 

2 : 4 : 6-TrimtrophenylethyInitroamine, m. p. (< 7 ) white, 
from nitric acid ; (6) deep yellow, after fusion. 

4- Bromo-2 : 4 : 6-triuitro-3-methylaminodimethylanilinc, m. p. 

114 , (tt) orange, from alcohol ; (6) red, from acetic acid. 

The preceding results were obtained in the course of certain 
technical investigations carried out in 1919 in the Research Depart- 
ment, Royal Arsenal, Woolwich. They are published bv permission 
of the Director of Artillery, to whom our thanks arc due. 

ItESEARCH DePARTMEIIT, 

Royal Arsenal, Woolwich. 


^R(CiiUib June S//i, 1022.] 
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CCXXXlX.’—Prej)aTation and Eeactions of Stanmus 
Oxide and Stannous Hydroxides/^ 

By Fbank Wabd Bury and James Riddick Partington. 

Dittb [Ann. Ckim, Phys., 1882, [v], 27, 145) prepared stannous 
hydroxide by adding sodium or potassium hydroxide to a solution 
of stannous chloride, the precipitate being washed by decantation 
and dried in a vacuum at 14^ He obtained a brownish-yeUow, 
amorphous powder to which he assigned the formula SnO, 2 H 20 . 
On heating this powder at 110°, Ditte obtained smaU, brown scales 
which could be readily powdered. To this substance he assigned 
the formula 3Sn0,2H20. Ditte does not mention the methods 
used in analysing the substances. 

Schaffner [Anmlen, 1844, 51 , 16S) prepared a specimen of 
stannous hydroxide by the addition of potassium carbonate to 
stannous chloride solution. He dried the precipitate below 80“. 
The amount of water in the compound was estimated by heating 
it to dull redness in a bulb tube in a stream of carbon dioxide, 
and assuming the loss in weight to be water and the residue stannous 
oxide. No estimation of the percentage of tin present in the 
compound was made. Schafiner assigned to this compound the 
formuU 2Sn0,H20. He described the precipitate produced by 
the addition of ammonia to stannous chloride as “ a basic salt.” 

In view of the discrepancies between these statements, the matter 
was thought worthy of re-investigation. Specimens of stannous 
hydroxides were prepared by methods described by previous 
investigators and analysed. 

Experimental. 

PrepdTcttion of the SpcciMcns of Staunous Hydfoxidc. 

The stannous chloride solution was made by adding 22-5 grams 
of crystaUine stannous chloride to 100 c.c. of water. This solution 
was clarified by addition of a minimum amount of strong hydro- 
chloric acid and tin and heating. The calculated amount o: pre. 
cipitant was used, as it was noted that excess of alkah caused the 
stannous hydroxide to darken and become almost black. 

Sample A.— To the solution of stannous chloride, sodium hydr- 
oxide solution was added until a faint permanent precipitate was 
produced. The calculated amount of sodium hydroxide {8 grams) 

* “ Stannous hydroxide ” tliroughout this paper means a hydrated iom 
of stannous oxide obtained by any method described, and not 
the definite compound SnlOH)^; perhaps a more suitable name would 
“hydrated stannous oxide" or “stannous oxide hydrate.’ 
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necessary for precipitation was then added. There is therefore a 
slight excess of stannous chloride in this solution. The precipitate 
was washed with cold boiled water in a Buchner funnel. No pre- 
cautions were taken to prevent access of air. The precipitate was 
distinctly yellow, very gelatinous, and obviously colloidal After 
drying in a desiccator over calcium chloride for two days, it was, 
when powdered, distinctly yellow and readily soluble in dilute 
hydrochloric acid; the solution gave a copious precipitate with 
mercuric chloride. The powder was placed in a vacuum desiccator 
over phosphoric oxide for fourteen days and then analysed. 

Sample B. — To the solution of starmous chloride made as in the 
preparation of sample A a very concentrated sodium carbonate 
solution was added until a faint precipitate Avas produced. To 
this solution, 10-6 grams of pure anhydrous sodium carbonate 
were added, the liquid was filtered, and the precipitate washed 
\dth boiled water. This precipitate tended to pass through the 
filter. It was dried in a desiccator over calcium chloride for four 
days, then powdered, and placed in a vacuum desiccator during 
the vacation for one month, but at the end of the time the vacuum 
had disappeared. The sample was placed in an atmospheric 
desiccator over calcium chloride, phosphoric oxide, and potassium 
hydroxide for a further fourteen days and then analysed. 

Sample C . — To the stannous chloride solution prepared as in A, 
neutralised with sodium carbonate, enough ammonia was added to 
give a faint smell of ammonia, and the precipitate w^as washed as 
before. The sample was left in a desiccator over phosphoric 
oxide. 

Sample i’.— According to Roscoe and Schorlemmer (“ Treatise,” 
1913, Vol. II, p. 854) stannous hydroxide is rapidly oxidised by 
the air. Sample F was prepared in a similar way to sample C, 
but precautions were taken to exclude air and to carry out the 
preparation in an atmosphere of carbon dioxide. 

The stannous hydroxide was precipitated in a flask filled with 
boiled water and filtered in a Buchner funnel arranged with a 
brass cover with three tubulures. Through two of these a stream 
of carbon dioxide was kept passing. Through the third passed a 
siphon tube from the flask containing the precipitate, .the liquid 
being displaced into the funnel by a stream of carbon dioxide 
admitted through a second tube in the cork of the flask. This 
fiask was afterwards filled through the second tube with boiled 
^ater, which was used for washing the precipitate. 

Sample H was prepared by means of the apparatus described 
m the preparation of Ff but using the calculated amount of sodium 
carbonate as the precipitant. The stannous hydroxide was placed 
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in a vacuum desiccator containing phosphoric oxide for fourteen 
days before analysis. 

Appcdvo/UCt of the SpecwicTis A, B, F, and H. Samples .4, 
and H had a yellow tinge when first precipitated, which became 
more marked on drying. Samples 0 and F, prepared by pr^. 
cipitating with ammonia, were w’hite at first, but became yellow 
on drying. On keeping them in glass specimen tubes, they became 
darker on the outside, that is, the parts touching the glass. Ditte 
comments on this phenomenon and states that the parts of the 
dried specimens in contact with the glass go brown owing to their 
‘‘ containing less water than the original hydrate,” but does not 
state how he drew this conclusion. It has already been mentioned 
that an excess of alkali darkens the stannous hydroxide, so that 
this change of colour may be due to traces of alkali on the glass. 
This explanation \\'as confirmed by keeping the specimens in silica 
tubes, when no change of colour was observ^ed. specimens A, B, 
C, F, and H were all amorphous and colloidal towards the end of 
the washing and had a tendency to pass through the filter-paper, 
They were readily soluble in cold dilute hydrochloric acid, in- 
dicating the absence of stannic oxide. On boiling portions of the 
specimens with dilute nitric acid and adding silver nitrate, a slight 
opalescence was obtained, showing that the chloride had not been 
entirely removed. 

Preparation of Samples D, E, and In the preparation of these 
samples, D by precipitation ^rith sodium hydroxide, E and G by pre- 
cipitation with sodium carbonate, the stannous hydroxide began to 
pass through the Buchner filter before the precipitates were free 
from chloride. They were therefore mixed together and the 
washing continued by decantation. The flasks were arranged as 
wash-bottles. The solutions containing the suspended stannous 
hydroxide entirely fllled the flasks. When the stannous 
hydroxide had settled down, the liquid wa.s decanted by attaching 
a Ivipp’s apparatus, generating carbon dioxide, to the tube not 
acting as the .syphon. The precipitate slowly became dark grey. 
It was left under water fur several weeks in a corked flask filled 
mih water. The walls of the flask became covered ^rith small 
clusters of needle-shaped cry.stals in about five weeks’ time, dark 
in appearance, a silvery lustre. On addition of water, man} 
similar although smaller crystals were in suspension, and gave a 
creamy, yellow liquid which glistened on shaking. The 
solid, on treatment with ater, gave a similar solution. It flltw 
very slowly. A little ammonium chloride solution was adde * 
and on warming, a yellow, flocculent precipitate, which tea }' 
filtered, was obtained. W'e may regard the yellow solution as a 
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colloidal solution of crystuUinG stannous oxide. The precipitate 
vras filtered off, washed, and dried in a steam-oven, 

The black residue remaining in the flask was the same product 
as that obtained above, as on the addition of water it gave the 
same olive-green paste, which on further addition of water became 
a creamy, yellow liquid, which glistened on shaking. 

A weighed portion of the mixed samples D, E, G, was dried in 
an air-oven at 110° and cooled in a desiccator. 


Amlyses of All Samples. 

The percentage of tin was e.stimated by igniting the sample in a 
porcelain crucible and assuming the residue to be SnOg. 

The percentage of water was estimated by finding the loss in 
weight on heating in an atmosphere of carbon dioxide in a bulb 
tube (Schaffner, Annahn, 1844, 51 , 168). In each case there was 
a little sublimate produced, which dissolved readily in water and 
gave a black coloration with silver nitrate and a slight precipitate 
with mercuric chloride, indicating that the sublimate was stannous 
chloride. This sublimate was driven off and the tube again w^eighed. 
The loss was never more than 0-2 per cent., and in most cases was 
negligible. 

The chloride present ^vas also estimated by fusing a weighed 
portion of the sample with sodium carbonate. 1'he residue was 
boiled with Avater and filtered. To the filtrate 10 c.c. of A 7 IO- 
silver nitrate solution were added and the excess was estimated 
by titration with N jlO-potSLS^mnm thiocyanate with iron alnm as 
indicator. 

In samples A, B,C, F, and H, the chloride present was negligible. 
In sample (D, E, (?) the chlorine found corresponded with 0*979 
per cent, of stannous chloride. 

The results are tabulated below : 


% Sn. % H,0. 
A 80‘9 7-11 

B 7982 8-54 

C 79-41 8-:]2 

B 80-5 8-82 

H 80-91 7-4 


% 0 t>y calculation as SnO. 
10-80 
10-72 
10-07 
10-S 
10-80 


Results with (E, E, (?) after heating in an air-oven at 110° : Per- 
centage of SnO found was 95-76; HgO, 2'5; SnCk, 0-979. 

he percentage of SnO found in this sample after heating in an 
jr-oven at 160° for two and three-quarter hours was 94-62. Thus 
Ihfi oxidation had become marked. 
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ConclusioM. 

(1) The six samples were essentially the same, 

(2) Little or no reaction occurs between moist stannous hydroxide 
and the atmosphere at the ordinary temperature. 

(3) The preci Imitate with ammonia is probably the same as tlie 
otliers, although SchafEner states this to be a basic salt. 

Fremv ('hiuL /V/ //•>., lH4t. liii j, 12 , 400) describes a reddish, 
luown stamiuus oxide obtained on piveipitating stannous chloride 
uith a slight excess of am monia and boi ling for some time . Attempts 
to obtain this variety were unsuccessful. In one case only, a slight 
red tinge appeared on the glas.s where part of the liquid had dried 
but the sohd in suspension did not become red. 

(4) No sam]>le was entirely free from chlorine, although in mo>t 
cases the amount was negligible. 


(5) Probable formula : 



8n. 

%H,0. 

% 0. 

Schaffner 2SnO,H,0 ivqLiirt's 

82-64 

6-25 

11-11 

obtaint’d 


6-46 


Ditte ,'^SnO,2H„0 requires 

80-97 

8-16 

10-87 

„ obtained ( ‘0 

7913 

8-87 

IMI 


Ditte does not in any single case give his experimental methods 
but states that the specimen was obtained in “ brownish scales ” 
hy drying the precipitated hydroxide at 110°. He assigns the 
formula Sn 0 , 2 H 20 to a brownish -ye [low, amorphous powder 
obtained by leaving the hydrate in a vacuum at 14°. 

The analyses of samples A, B, C, F, and H support the formula 
3Sn0,2H20'^ 

(6) The result with [D, E, G) indicates that stannous hydroxide 
is stable at 110"'; the percentage of water then fell to 2-5. The 
O'S per cent, unaccounted for may be due to some oxidation. 

(7) Stannous hydroxide, on standing under uater, slowlv loses 
water to become stannous oxide. 

(8) Stannous hydroxide does not lose the \rhoIe of its water at 
160°. In all probability .•^^ome of the water is constitutional 

iSifpposird Modijicotioif ■ of SUnniou-^ (hide. 

Ditlc describes a numl>cr of (.'xperimeiits with .stannous hydr- 
oxide in which several varieties of stannous oxide, diSering in 
appearance, colour, and density, were produced. 

For an account of these, reference must be made to the original 
paper, but it may be stated that the experimental conditions are 
not clearly described by Ditte, In many case^ it was found im- 
possible to confirm the statements of the latter. It will be sufficient 
to give a brief account of the results obtained, which may be 
compared with those described by Ditte. 



reactions of stannous oxide and stannous hydroxides. 2(X)3 

(1) Eeaction with Stannous Chhride.—The dried specimens of 
the hydroxide were boiled with water and (me or two crystals of 
stannous chloride ; a faint salmon-pink suspension was obtained, 
^vliich did not darken further on boiling. On the addition of 
excess of stannous chloride, the stannous hydroxide became white 
again. There was no red, green, or black colour produced, as stated 
by Ditto. 

A sample of stannous hydroxide was prepared as in sample B, 
but not dried. It was kept under water and slowly became black 
on the outside when exposed to light. This stannou.s hydroxide i.s 
referred to as “ wet stannous hydroxide.’" To about i gram of 
the wet stannous hydroxide suspended in cold water, two or three 
crystals of staiinons chloride were added. Tlie hydroxide slowly 
became grey on heating, but no red colour was seen ; an olive-green 
oxide slowly precipitated after five minutes, but a good deal of 
white stannous hydroxide was left. 

(2) Rmetion ivith Hydrockloric Acid.—'^o change was observed 
on boiling the dry or wet stannous hydroxide with very dilute 
hydrochloric acid. 

(3) Heaction ivith Ammonium Chloride Solution of Various 
Streiigths— On boiling the stannous hydroxide with solutions of 
ammonium chloride of various strengths, Ditto obtained several 
modifications of stannous oxide. 

These experiments were repeated with the dried specimens. No 
change was observed on boihng them with the ammonium chloride 
solutions. There was a slight change observed when the wet 
stannous hydroxide was used, but the amount of ammonium 
chloride present appeared to ha^’e no effect on the result. On 
boiling with the ammonium chloride solution, the stannous hydr- 
oxide slowly became grey, and a dark grey, sandy, crystalline 
precipitate of .stannous oxide was formed in all cases. The pre- 
cipitate, on washing with water, gave a milkv liquid. 

The product in all experiment, s always appears to be the same, 
namely, the dark grey stannous oxide which is formed slowly 
\s\m\ the white hydroxide is kept under water. The w’hite hydr- 
oxide appears to be an unstable substance whicli slowly decom- 
poses into stannous oxide, and the variou.'^ reagents described bv 
Ditte appear to act catalytically in accelerating this change. 

(4) Rmetions with Acetic Acid . — The wet .stannous hydroxide 
nas dissolved in acetic acid solution (10 c.c. of glacial acetic acid 
ddutedto So c.c.f The exce.ss of stannous liydroxide w*as filtered 
oS and the filtrate transferred to a desiccator containing concen- 
rated sulphuric acid and potassium hydroxide. In two months, 
3- yellow, crystalline soUd was obtained. This soUd, on ignition, 

3 z 2 
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blackened, and then became yeUow; the residue, on cooling, was 
nearly white. Assuming the residue to be stanmc oxide, the 

percentage of tin found in the J 

centage of tin required by the formula SnlC^H^Ojla is 50 1. This 
substLce is probably stannous acetate contaiiung a ht le water. 
It is rather hazardous to assign the percentage of tin to Ditteg 
formula, 2 (C,H 303 )Sn 0 -H 0 - 2 H 0 , for this substance, as he do^ 
not state what atomic weights he used, and appears to use HO 
and H„0 indiscriminately for the formula of water. 

To the wet stannous hydroxide m boihng water a few drops of 
glacial acetic acid were added. There was a darkenmg of co onr, 
Ld a black precipitate was produced, hut the hquid retained .t, 
yeUow tint. With excess of glacial acetic acid, the precipitats 

possible to prepare the red form obtained b, 
Roth (Abegg, III, 2, 573) by heating the hydroxide with a solution 

of stannous oxide in acetic acid. 

(5) Renction mtk Mtric Acid.-On treating wet stannous hy*. 
oxide ivith dilute nitric acid, a solution was obtained. This wa> 
left in the desiccator for two months; a solid residue of a w de, 
porcelain-like appearanee remained. On ignition white and to 
Lwn fumes were evolved, and assuming the re^duo to be stannic 
o^de, the percentage of tin contained in this substance was found 
to be 654 The substance did not detonate on heating. The com- 
pound was insoluble in cold water and not comple ely soluble m 
Lt water, gave no precipitate with mercunc chloride, and is 
probably a basic stannic nitrate. 

E.xsr Los-dok Collsgu tRe<.cire<f, J«l,j ilh. 1922.] 

University of LoNno>. 


CQXL— The Cyanine Dyes. Part VI. Dyes con 
^ taming a Quinoline and a Benzothiazok Nuckn 
The Thioisocyanines. 

By Walteb Theodore Karl Br.aunholtz and William Hobso: 

^ Mills. 

A SERIES of yellow photosensitislng dyes, the thiocyamnes, b< 
fee™ eenLcribed by one of us (Mills, this vo . p^4.), « 
constitution of which is represented by the 8®^^“ , Ih' 

which R indicates an alkyl radicle and X an 
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juay accordingly be regarded as pse'udocyanines * (II) in which 
the two quinoline nuclei arc replaced by nuclei of benzothiazole. 


C'Ch:c 


'1 


/\,ch:ch^ 


c-ch:c 


,ch:ch. 




I/neX'' ''NR^X/ \/''-nrx-/ ^-nr-/\/ 

;i.) (II.) 


In the present communication , a series of dyes is described 
which are intermediate between the thiocyanines and the iso- 
cyanines (III), in that they contain one quinoline and one benzo- 
thiazole nucleus. They are prepared by the action of sodium 


(ni.) 


/; 


XEN^- .^-CH 








~m'\y 


hydroxide in alcoholic solution on a mixture of a quinoline alkyliodide 
and a 1-methylbenzothiazoIe alkyliodide. The method of their pre- 
paration thus corresponds exactly with that of the {socyanines ; 
their composition is, moreover, analogous, differing from that of 
the isocyanines only in containing an atom of sulphur in place 
of the group -C 2 ^ 2 ~> optical, photosensitising, and 

general chemical characters also show close relationships to those 
of the wocyanines. We therefore regard their formation as being 
due to an interaction between the reactive 1 -methyl group of the 
l-methylbenzothiazole alkyliodide and the quinohnium psendo- 
base, in which the latter plays the same part as in the isocyanine 
condensation. We accordingly consider that in these dyes the 
l-methylbenzothiazole residue is linked to the 4-position of the 
quinoline nucleus and that their constitution is to ])e represented 
by formula IV. The acid radicle is regarded as being attached, 
in view of the virtual tautomerism of the cyanine dyes (this vol., 
p. 1489), to what is presumably the more basic part of the molecule 
(compare Mills and Wdshart, T., 1020, 117, 579). 

On account of tlieir close correspondence with the jVocyanines, 
the name tkioisocyanine is proposed for the dyes of this series. 

^Vlthough in the /^ocyanine condensation tlie cpiinaldinium salt 
can be replaced by a l-mothylbenzothiazolc alk^d iodide, the con- 
verse replacement, namely, that of tlie quinoliniuni salt by a quater- 
nary salt of benzothiazole, cannot be made. This appears to be 
due to the instability of the pie n do -bases derived from the benzo- 
thiazole alkyliodides. It is, however, possible to bring about the 

.... *^i3Covered by 0. Fischer and Scheibe (J. pr. Chem., 1919, 

Pq, 100, 86), were named by them laocyanines, 
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coupling of benzothiazole alkyliodides with quinaldinium or lepi. 
diniuirsalts indirectly by a method which we hope shortly to 
describe From lepidine ethiodide and benzothiazole ethiodide, a 
dye is thus produced which is identical with the thiotmyanine 
formed from quinoline ethiodide and l-mcthylbenzothiazoleethiodide 
by the action of alcoholic sodium hydroxide. This fact togrther 
with those described in the present communication, estabhshes 
the constitution of the thio isocyanines (except for the question of 

the position of the acid radicle). , ^ i u* • ri • i 

It is interesting that Hofmann, who fir.st obtained cyaume dyes 
from the benzothiazole bases (the carbothiocyanmes , this voL, 

„ 455)-althoiigh he regarded them incorrectly as analogues of 
cyanine itself {Ber., 1887. 20, 2264)-apparently also observed 
tL production of the thio isocyanines in an impure condition. 
He states {loc. cil., p. 3205) tliat experiinents to cross the 
amvliodides of tlie quinoline bases with those of the benzothiazole 
bases (by heating them together in presence of aqueous ammonia) 
yielded dyes which gave extraordinarily intense deep red solutions 
in alcohol, but could not be obtained in crystalline form. 

The thioisocyanine iodides are bright red compounds wliieh 
crystallise exceedingly well from alcohol. Their orange-red alcoholic 
sJutions show a pair of overlapping absorption bands of unequal 
intensity in the green and bluish-green ; the cre_st of tfedec^r 
band lies in the neighbourhood of wave-length X0OOO--0IOO, that 
of the less intense has a wave-length about X 120-lo0 shorter. 
In general appearance, the absorption spectra of the thioisocyamnes 
are very similar to those of the i.socyanines, but the bands m the 
former lie nearer to the blue end of the speetrum-the difference m 
wave-length being roughly X500. This iyn accordance with h 
fact, to which attention has recently been directed ( his vol. p. 4o9) 
that benzothiazole derivatives are less deeply coloured than the 
corresponding quinoline compounds. The thioisocyamn^ 
powerful photosensitisers for the green, giving an 
ation to the golatino-bromidc plate extending to X aSOa - 

with other cyanine dyes, their aqueous-alcoholic solutions are 
decolorised by the addition of mineral acids. 

Experimental. 

2 : V-DiethyUkioisocyanihe Iodide— Qainuhne ethiodide (7^ 
grams) and 1-methylbenzothiazole ethiodide (7-7 ^ 

Lolved in hot alcohol (100 c.e.), and " "" 

{0-69 gram) in rectified spirit (40 c.c.) was adde . 
Ihieh^immediately developed a deep red 
fifteen minutes and then allowed to cool. g 
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(1— 1-5 grams), which, after repeated recrystallisation 
from methyl alcohol, melted and decomposed at 283°. The crystals 
were dried at 80®/ll ram. for analysis {Found: 0 = 64*60; 

^ 4.59; I = 27*75. C21H21N2IS requires C = 54-78 ; H = 4*57 ; 

I = 27*61 per cent.). 

The sensitisation spectrum shows a powerful band in the green 
extending, for moderate exposures, as far as about X 5800 with a 
maximal at X 5250. There is an additional, very faint, band in 
the orange w'ith a maximum at X6500. The absorption maxima 
lie at X 5030 and about X 4890, respectively. 

i).Meihyl2 : V-dieihylthioisocyanineiodide, obtained by condensing 
together equimolecular quantitie.s of quinoline ethiodide and 
1 : S-dimethylbenzothiazole ethiodide as above, crystallises from 
methyl alcohol in bright red needles which melt and decompose 
269—270° (Found : I = 26-59. C22H23N2IS requires I ^ 26-80 

percent.). 

Tlic sensitisation spectrum show^s only the one band in the 
ffreen extending, for moderate exposures, to about X 5800 wuth a 
crest at X5300. The two absorption bands Iiave maxima at 
^^5080 and about X4920, respectively. 

y Dimethyl ■2-ethylthioi^ocyanine Iodide.— Thk dye, which 
was prepared from a mixture of p-toluquinoline methiodide and 
l-inethylbenzothiazole ethiodide, is less soluble than tlie two 
preceding. It crystallises from methyl alcohol in dark red, prism* 
atic needles, m. p. 306—307° (decomp.) (Found : I ^ 27*98. 
CgjH^iNglS requires I = 27*61 per cent.). 

The sensitisation spectrum resembles tliat of the parent sub- 
stance. The band in the green extends, for moderate exposures, 
to about X5750, the maximum lying at X 5270. There is a second, 
weak band w'hich has a maximum at X 64.50 and is somewhat 
more pronounced tlian in the prfrent dye. The two absorption 
maxima lie at X 5000 and about X 4870, respectively. 

^:V : ^'-TrimdhjU2-ethyltkiohocyanine Iodide . — The dye, ob- 
tained from p-toluquinoline methiodide and 1 : o-dimethylbenzo- 
thiazole ethiodide, crystallises from methyl alcohol in dark red 
needles, m. p. 303° (decomp.) (Found : I = 26*81. C22H23N2IS 
requires I = 26*80 per cent.). 

The extra-sensitisation comprises only tlio one band in the 
green, extending to about X5800 with its maximum at X5310. 
The crests of the two absorption bands occur at X 5070 and about 
U9o0, respectively. 

^'■Ethoxy-2f : V^dieikyUhiokocyanine iodide w as prepared from a 
aiixture of p-ethoxyquinoline ethiodide and 1-metliylbenzothiazolc 
ethiodide. The dye is obtained as bright red needles w-hen its hot 
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saturated methyl-alcoholic solution is rapidly cooled, and as short 
triclinic prisms terminated by domal planes by slow crystallisation 
from the same solvent. These crystals are deep red with a brassy 
lustre and appear to contain a molecule of solvent of crystallisation 
which is given up when they are heated at 80*^/ 12 mm. (Loss in 
weight observed = 5-63. C23H250N2lS,CH3*0H requires CHg’OH = 
5*97 per cent.). Both modifications melt and decompose at 262° 
(Found : I = 2545. CggHjsOlSrglS requires I = 25-20 per cent.). 

The extra -sensitisation extends, for moderate exposures to 
about X 5750 with a maximum at X 5300 ; there is also an extremely 
faint and indefinite continuation of the sensitisation into the orange, 
but no additional maximum is distinguishable. The two absorption 
bands have maxima at X 5060 and about X 4930, respectively. 

W -Eihoxy-^-methyl-2 : V -diethylthiovAocyanim iodide, obtained 
from p-ethoxyquinoline ethiodide and 1 : 5-dimethylbenzothiazole 
ethiodide, crystallises from methyl alcohol in bright red needles, 
m. p. 269® (decomp.) (Found : I — 24-80. 024X12,0^218 requires 
I = 24-52 per cent.). 

The sensitisation spectrum shows only the one band in the 
green, extending to about X5800, with its maximum at X5350, 
The two absorption maxima lie at X5110 and about X4990, 
respectively. 

One of us (W. T. K. B.) is indebted to the Department of Scientific 
and Industrial Research for a grant for which he desires to express 
his thanks. 

UNn'ERSiTY Chemical Laboratory, 

Cambridge. [Received, July 2~th, 1922.] 


CCXLI . — The Quaternary Salts of Quinaldinic Acid. 


By William Hobson Mills and Frances Mary Hamer. 


Quinaldinic acid (I) shows a striking difference from the 
isomeric cinchonic acid (II) in the resistance which it offers to the 
formation of quaternary ammonium salts. 

CO2H 


(I.) 




x/\/ 

N 


00,H 


(II.) 


/VN 




/\/ 

N 


The latter acid, as was shown by Claus {Annakn, 1892, 
345J, readily combines with methyl iodide to form a methiodide. 
i^iSnaldinic acid, however, we have found to be unattacked Rot 
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only by this reagent but even by the much more reactive methyl 
sulphate, which converts cinchonic acid under corresponding con- 
ditions into a quaternary salt of its methyl ester, thus esterifying 
the carboxyl group as well as combining with the tertiary nitrogen. 
It was also found by H. Meyer that the excellent method discovered 
by him for the conversion of pyridinecarboxylio acids into their 
betaines by digestion with an alkyl iodide and aqueous sodium 
carbonate fails completely with quinaldinic acid {Momtsh., 1904, 
25, 1190). 

Quaternary salts of quinaldinic acid were accordingly unknown, 
but our attention was directed to them some time ago as possible 
oxidation products of the fsocyanines and w^e prepared the methyl 
betaine and some of the methyl salts in order to become acquainted 
with their properties. When later wc found that quinaldinic acid 
ethonitrate was the chief product of the oxidation of pinacyanol 
by nitric acid (T., 1920, 117, 1550), we also studied the preparation 
of the corresponding ethyl derivatives. 

Although, as has been stated, quinaldinic acid itself could not 
be caused to combine with methyl sulphate, its methyl ester 
reacted readily with this substance at 100° giving a m ethyl -metho- 
sulphate, from which, by salting out with potassium iodide, methyl 
quinaldinate methiodide (III) w'as obtained. 


/y\ 

NMel 


/\/\ 


/\/\ 


The contrast between the esters of quinaldinic and cinchonic 
acids with respect to the readiness wuth which they form quaternary 
salts is thus very much less marked than that between the acids 
themselves. This would indicate that the difference between the 
latter is only partly to be accounted for by steric hindrance ; the 
carboxyl group probably has a greater effect in depressing the 
basic function of the nitrogen atom when in the 2-position than in 
the 4-position. 

From methyl quinaldinate metliiodide it was not found practicable 
to obtain quinaldinic acid methiodide by hydrolysing with dilute 
hydrochloric acid (though methyl cinchonate methiodide can be 
readily converted into the methiodide of the acid in this manner). 
The ester- methiodide was therefore treated in aqueous solution 
^ith silver oxide, for it seemed not improbable that when the 
ester Rouping was thus brought into the molecule of a strong 
ase^ intramolecular saponification would occur. Saponification 
in fact take place under these conditions and quinaldinic acid 
met yl betaine was obtained in almost quantitative yield. 

3z* 
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The pure betaine is a colourless, crystalline compound^ which 
melts at 142—145° and is exceedingly soluble in water, giving a 
neutral solution. From the methyl betaine various quatemarj^ 
salts were prepared by addition of the corresponding acids. 

The .analogous ethyl compounds proved much more difficult to 
obtain. We were unable to effect the addition either of ethyl 
iodide or of ethyl sulphate to methyl quinaldinato {or to 2-cyano- 
quinoline). We therefore attempted to prepare these compounds 
indirectly by oxidising a quinoline ethyl -salt with an unsaturated 
side-chain in the 2-[>osition, hoping thus to discover a less costly 
source for them than pinacyanol. From benzylidenequinaldine 
ethonitrate or cthobromide wc were unable to obtain a crystalline 
product. It appeared therefore that a svibstance with a still more 
oxidisable side-chain was re(iuired; we accordingly prepared 
cinnamylidenequinaldine cthobromide (VI) and from this, hy 


I I fCHiCH-ClKCHPb 

KEtBr NEt-NOg NEt--^ 

(VI.) (VII.) (vm.) 

oxidation Avith nitric acid, we were able tt) obtain, with some 
difficulty, quinaldinic acid ethonitrate (VII) identical with that 
obtained from pinacyanol {loc, cit.). From the nitrate the corre- 
sponding chloride was prepared and from this the betaine (Vlli). 
These ethyl-salts, as well as the betaine, are exceedingly soluble m 
water. The betaine is rather unstable and shows a great tendency 
to decompose Avith the formation of dark-coloured products. 

It is somewhat remarkable that the formation of quinaldinic 
acid ethonitrate bv oxidation with nitric acid should take place 
so much more smoothly from pinacyanol than from cmnamylidene^ 
quinaldine ethobromidc. In connexion Avith the oxidation of 
derivatives of quaternary salts of quinoline which, like these, have 
an unsaturated side-chain attached in the 2-position, an observation 
of Besthorn and Gicsselbrecht is of some interest. These author^ 
found {Ber., 1920, 53, [B], 1020) that the aldehydo-group ni 

2-aIdehydoquinoline-3-suIphoiiio acid is exceedingly resistant toMar > 
acid oxidising agents such as nitric acid or chromic acid. . PF* 
ently the ethonitrate of quinoline-2-aldehyde (IX) shows a simi 
behaviour, for Ave have been able to demonstrate ^ 
among the products obtained by somewhat prolonged 
of pinacyanol with nitric acid. By extracting the ctu c oxi 
product with acetone, a substance Avas obtained Avhich ga 
phenylhydrazine and subseiiuent treatment ^ bv 

a plienylhydrazonc cthiodide (X) identical Avith a o 
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gaufmann and Vallette {Ber., 1912, 45, 1736) by the action of 
phenylhydrazine on the condensation product (XI) of nitroso- 
dimethylaniline and quinaldine ethiodide. The formation of the 
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NEtl 

(X,) 


/\/\ 

NEtl 

(XI.) 


aldehyde etlionitrate by oxidation in this manner is evidently a 
strong confirmation of the presence in pinacyanol of the grouping 



NEtX 


Experimental. 

A , — The Methyl Derivatives. 

Methyl Quinaldiiiate . — This ester has been prepared by H. Meyer 
[Monatsh.y 1914, 25, 1196) by the action of methyl alcohol on 
quinaldinoyl chloride. We found it could be very conveniently 
prepared by direct esterification of the acid. Concentrated sul* 
phuric acid (18 c.c.) was added to a solution of quinaldinic acid 
(6 grams) in methyl alcohol (60 c.c.), and the mixture was boiled 
for two hours. On pouring the mixture into ice-cold water and 
neutralising with sodium carbonate, the ester separated and was 
then taken up in ether and dried, ^riie residue left on evaporation 
of the ether solidified to a cr 3 'stallinc mas.s of the pure ester (Found : 
N = 7-7. Calc., N — 7-o per cent.) of m. p. 86° (the melting point 
given by Meyer is 78°). The average yield was more than 80 per 
cent, of the theoretical. 

Methyl Quinaldinate Mithiodidf . — Methyl quinaldinate (3 grams) 
was heated with methyl sulphate (24 grams, that is, a 10 per cent, 
excess of the theoretical quantity) for two hours at 100°. Th? 
yellow product, after having been digested with ether, was dis- 
solved in a very little hot av ater and treated with pow dered potassium 
iodide (6 grams). The methiodide thus precipitated, after recrystal- 
lisation from water, formed pale orange crystals, melting and 
decomposing at 122 — 129°. The yield of reerystalliscd product was 
<4 per cent, of the theoretical (ion ml ; I = 3843. Ci.,Hj.,0.,NI 
requires I = 38-57 per cent.). 

^iri^ldinic Acid Methyl Betaine.-- -An aqueous solution of methyl 
quinaldinate methiotlide (2 grams) was shaken with excess of 
res ly precipitated silver oxide, which was added a little at a time, 

3z* 2 
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the mixture being finally warmed. A red solid separated at first 
but gradually disappeared. The solution was then filtered from 
the mixture of oxide and iodide of silver and evaporated to dryness 
in a vacuum over sulphuric acid, when the theoretical yield of 
betaine was obtained as an almost colourless, crystalline solid. 
After crystallising twice from absolute alcohol, from which solvent 
it separates in fairly large prisms, and carefully drying, it melted 
and decomposed between 142° and 145°, the exact temperature 
depending on the rate of heating {Found: C= 71*0; H=r52' 
N = 7-7. requires C = 70*6 ; H — 4-85 ; N = 7.5 pgj 

cent.). The betaine is exceedingly soluble in water or hot alcohol 
and slightly soluble in chloroform. From its alcoholic solutions, 
which readily become pink, it can be precipitated by ether in 
crystalline form. 

Quinaldinic Acid MethocUoride . — An aqueous solution of methyl 
quinaldinato raethiodide (2 grams) was treated with silver oxide 
and the filtrate, after acidification with hydrochloric acid, was 
evaporated to dryness. The residue was crystallised twice from 
absolute alcohol, in which it is moderately soluble. The salt was 
thus obtained as an almost colourless, crystalline compound melting 
and decomposing at 158—165° (Found: G — 58-8; H = 4'8; 
N = 6-3; Cl = 15-7. Ci^HjQOgNCl requires C = 59-0; H = 4-5; 
K — 6‘3; Cl = 15-85 per cent.). It is very soluble in water and, 
unlike the methyl betaine, is oxidised only very slowly in aqueous 
solution by potassium permanganate. 

Quinaldinic Acid MethonilraXe, — The aqueous solution of the 
betaine was acidified with nitric acid and evaporated to dryness. 
The salt thus formed was recrystallised twice from absolute alcohol. 
It was obtained in crystals melting and decomposing at 138“^ 
and very soluble in water (Found : KO 3 = 24-9. 
requires NO 3 = 24-8 per cent.), 

B . — The Ethjl Derivatives. 

Cinnamylidenequinaldine Ethiodide . — Cinnamy lidenequinaldine 
has been described by Renz and Lfoew {Ber., 1903, 36, 4330), who 
prepared it by heating quinaldine and cinnam aldehyde with zinc 
chloride at 150° in a sealed tube. It can be more conveniently 
prepared by heating a mixture of quinaldine (13-2 grams), cinnam- 
aldehyde (12 grams), and zinc chloride (3 grams) for ten hours at 
100 ° and crystallising the product from alcohol. 

We found some difficulty in obtaining the pure ethiodide by 
heating the base with ethyl iodide at 100°. The product always 
contained too low a percentage of iodine, and although by pro 
loj^d extraction with ethej and further treatment with e y 
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iodide at lOO® a product melting and decomposing at 226 — ^228® 
and containing very nearly the correct percentage of iodine (Found : 
I = 3M, 31 -1. requires I = 30-7 per cent.) could be 

obtained, it was simpler to prepare the iodide through the etho- 

sulphate. 

Cinnamylidenequinaldine (2 grams) was heated with ethyl 
sulphate (2-5 grams) for three-quarters of an hour at 110—136®. 
The resulting red solid, after washing with ether, was dissolved in 
hot aqueous alcohol, and a saturated aqueous solution of potassium 
iodide added. The ethiodide, which was precipitated, was digested 
with ether and recrystailised from alcohol (Found : I = 31-4. 
Calc., I = 30*7 per cent.). 

CiuTUiffiylidenequiyialdine Ethobromide. — This was prepared simi- 
larly to the ethiodide, by the action of potassium bromide on the 
ethosulphate. It was thus obtained as red crystals, and after 
recrystallising from alcohol and drying, melted at 213—214® 
(Found ; Br = 22*05. C 2 iH 2 oNBr requires Br — 21*82 per cent.). 

QiiinaMinic Acid Ethonitrate. — This compound is most easily 
prepared by the oxidation of pinacyanol as we have described in 
a previous communication {loc. dt.). It can be obtained from 
cinnamylidenequinaldine ethobromide in the following manner. 
The ethobromide (5 grams) was added to dilute nitric acid (200 c.c.), 
obtained by mixing concentrated nitric acid {d 1*42) with an equal 
volume of water. On warming, nitrous fumes wxre produced and 
an oil appeared which partly dissolved as the temperature rose. 
The mixture was then heated to boiling for two and a half hours, a 
current of steam being blown through without the volume of the 
liquid being allowed to increase. The solution, after cooling, W’as 
extracted with ether, and the aqueous layer evaporated. The 
residue was redissolved in w^ater and, after extraction with chloro- 
form, the aqueous layer was again evaporated. The rather sticky 
residue was digested with acetone, and the solid undissolved by 
the acetone was recrystailised twice from absolute alcohol. The 
colourless, crystalline compound (2*0 grams) thus obtained agreed 
in all its characters with the quinaldinic acid ethonitrate prepared 
from pinacyanol. It melted at 108—109®, and the mixture of the 
two preparations melted at the same temperature (Found : 
COjH — 17*0. Calc., CO 2 H =17*0 per cent.). 

Quinaldinic Acid Etkochloride. — An aqueous solution of quinal- 
dinic acid ethonitrate was evaporated with excess of concentrated 
hydrochloric acid which had been saturated with sulphur dioxide, 
the evaporation being conducted first on the water -bath, then in 
a vacuum at the ordinary temperature over sulphuric acid and 
soda-lime. The sulphuric acid formed by oxidation of the sulphur 
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dioxide was removed with barium chloride, and the dry residue 
obtained by evaporating the filtrate from the barium sulphate was 
extracted with hot absolute alcohol. The alcohol, on cooliug, 
deposited the chloride in almost colourless crystals melting and 
decomposing at ’with' previous darkening. The salt ia 

extremely soluble in water (Found : Cl = 14-77. 
requires Cl = 14-92 per cent.). 

Quinaldinic Acid Ethyl Betahie.— An aqueous solution of quinai- 
dinic acid ethochloridc was shaken with excess of freshly pre. 
cipitated silver oxide, added a little at a time, and the filtrate and 
wLhings were evaporated. The betaine was thus obtained in 
almost colourless crystals melting and decomposing at 146—148° 
(Found: C = 71-5; 14^5-5; N - 6-9. CioHiiO^N requires 

C = 71-6; H = 5-5; N -- 7-0 per cent.). The betaine is rather 
unstable and darkens on warming with alcohol, in which it is very 
.soluble. 


0,-~Formaiion of Quimldmaldehyde Ethonilratc in the Ondation 
of Pinacyanol. 

1 : I'-Diethylcarbocyanine bromide (1 gram) was oxidised with 
nitric acid, and the resulting solution was treated in the manner 
which we have previously described {loc. cit.) for the preparation 
of quinaldinic acid ethonitrate. The quaternary ammonium salts 
formed in the oxidation were digested with acetone, which leaves 
the quinaldinic acid ethonitrate nndissolved. The acetone solution 
thus obtained contains quinaldinaldehyde ethonitrate, as was 
shown in the following raanner. The acetone was evaporated 
and the residue was dissolved in a little water and treated with 
an alcoholic solution of phenylhydrazine {0-24 gram). After tm 
hours a saturated aqueous solution of potassium iodide was added, 
when’ a red, crystalline compound (0-08 gram) was precipitated, 
which was identified as quinaldinaldchydephenylhydrazone ethio- 
dide by comparison with a specimen of this compound prepared 
aa described by Kaufmann and Vallette (loc. cit) from the corre- 
sponding dimethylaminoanil. 
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CCXLII* Addition of Ethyl SodiocycmoctcBtcitB uTid 
Ethyl Sodiomalonate to Ethyl Mucmate, 

By Ernest Harold Farmer. 


Among the very numerous exceptions to Thiele’s theory of con- 
jugation, the case of ethyl muconate, Et02C*CH:CH‘CH;CH-C02Et, 
is of considerable interest. Although the muconic system follows 
the rule in its 1 : 4- type of hydrogen addition, it has been shown 


recently by Chandrasena and Fngold (this vol., p. 1306) that ethyl 
luuconate adds on bromine at the 1 : 2-position, a property which 
is unusual with symmetrical, conjugated chains. Tn view of this 
different behaviour of symmetrical addenda in relation to a 
.symmetrical, conjugated system it seemed desirable to investigate 
(he attachment of unsymmctrical addenda to etliyl muconate, and 
in this paper the addition rjf ethyl sodiocyanoacetate and ethyl 
.sodiomalonate is dealt with. 

According to Hinrichsen {Chem. Zig.^ 1901, 316, 43), addenda 
the components of which have an opposite polar clmracter attach 
themselves at the 1 ; 2-position. Ethyl muconate might therefore 
be expected to obey this rule it not that even among the 
additive reactions of unsymmetrieal, conjugated systems, on which 


alone Hinrichsen appears to have based his generalisation, there is 
at least one striking exception. Vorlander and his collaborators 
have shown {Ajinalen, 1906, 345, 206) that although methyl cinn- 
amylideneacetatc, cinnamylideneacetone, and ciniiamylideneaceto- 
phenone add on the coinponents of ethyl malonate at the 1 : 2- 
position, methyl sorbate, CHg-CHiCH-CHICH'CO.Me, uith the 
same substance yields a I ; 4-additive product. 

Remarkably enough, ethyl muconate follows neither of these 
comses, the product (90 per cent.) from ethyl sodiocyanoacetate 
being ethyl ^’^'butene‘OLS-dicarboxylate-^-cya)ioacetaie (I) 

Et02C-CH2-CH2-C(:CH*C02Et)-CH(ON)‘C02Et. 

That the ester is correctly represented by this formula is seen 
from a study of its derivatives. By hydrolysis, a tricarboxylic 
acid (11) is obtained the constitution of which follows from its 
oxidation by alkaline potassium permanganate to a mixture of 
oxalic and succinic acids, probably by way of ^.-ketoadipk acid (III) ; 
ao trace of tricarballylic acid could be detected. Accompanying 

ho,c-co,h + 

C0(CH,-CO2H)-CHj-CH 2-CO2H (III) -> H02C-CH2-CH2-C02H 
the acid (II) is ‘1 : MihjdroxypyrictineA-'^-propionk add (IV), 


H02C.CH2-CH2-C<™;C(OHj^j^_ 


the production of which recalls 
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many similar occurrences during the hydrolysis of cyanoglutaconie 
esters and indicates that the parent ester is of the latter type. 

If, therefore, the addition be regarded as of the 1 : 2-type {B\ 
EtOaC-CHICX-CHg-CHg-COgEt (^) 
EtOgC-CHa'CHX-CHlCH-COaEt {B) 
it is obvious that to yield the structure (^) the double bond must 
move from the a- to the a'-position, a phenomenon for which no 
parallel is to be found outside cyclic compounds. It is highly 
improbable that such a double movement occurs during addition 
and that it is not brought about by hydrolysis is shown by the 
oxidation products of the ester (I) itself. The latter with alialine 
potassium permanganate yields oxalic acid and ethyl hydrogen 
a-cyano’p-ketoadipate (V), H02C-CH2‘CH2*C0*CH(CN)*C02Et (Best 
and Thorpe, T., 1909, 95, 1523), a derivative of the acid (III) 
assumed above to he an intermediate product of the oxidation of the 
tricarboxylic acid (11). It is necessary, therefore, to regard the 
addition as of the 1 : 3 -type, such as has been observed in the case 
of normal ethyl |3-methylglutaconate {Thorpe, T., 1919, 115, 679 ), 
and of ethyl glutaconate (Ingold and Thorpe, T., 1921, 119, 492 ), 

Confirmation of this view regarding the additive process is gained 
from the similar action of ethyl sodioinalonate on ethyl muconate, 
In this case, the initial ester, ethyl \'^-butene’Oi,h-dicarboxylate-f>- 

rmlonate (90 per cent,), EtO^C-CHg'CHg-Cc^^j^Q^®^^ 

yields the foregoing tricarboxylic acid (II) on hydrolysis with 
mineral acids, whilst alcoholic sodium hydroxide produces a tetra- 
sodium salt corresponding with the above ester (VI), oxidisable to 
oxalic and succinic acids. 

Thus it is clear that addition of ethyl cyanoacetate and ethyl 
malonate to ethyl muconate does not yield products with the 
components of the addendum in the 1 : 4 -position after the manner 
of the addition of hydrogen to muconic acid or of bromine to 
butadiene, and only by sacrificing the directness of the facts can 
it be made to appear of a much modified I : 2 -type. Therefore, to 
embrace all the phases of activity, views of the potentialities of 
the muconic four-carbon system must be extended and represented 
in some such way as the following : 

c:c-c:c c-c:c-(!! 
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gere the mobility of the system is represented as such that trans- 
formation from a state of ordinary unsaturation (a), with its 1:2- 
addition, to one of conjugation (6) with the associated 1 : 4-addition, 
can take place ; further, under suitable conditions either may pass 
into a third state (c), where by the exercise of free valencies a 
1 ’ 3'type of addition can occur. 

\ new investigation into the addition of esters to conjugated 
systems has been commenced with the hope of gaining further 
knowledge of the types of addition that occur and the circum- 
stances of their manifestation. 

Experimental. 

Ethyl ^<^’Butene'OLh-dicarboxylate‘^‘Cyanoacetate (I). — Sodium (2-3 
grams) was “ molecularised ” under xylene and the latter replaced 
by absolute ether. To the cold mixture, ethyl cyanoacetate 
(13 grams) wms added and the reaction allowed to proceed to 
completion. A dilute ethereal solution of 'well-dricd ethyl muconate 
(20 grams) was then poured in, with shaking, and after the addition 
of a little absolute alcohol (30 c.c.) the containing flask was closed 
\rith a soda-lime tube an'd the whole kept at room temperature. 
The sodio-compound gradually dissolved to yield a clear reddish- 
brown liquid, and after one week this was shaken up with water, 
the ethereal layer separated, washed, and dried in the usual way, 
and the solvent evaporated, the residual yellow oil being almost 
pure ethyl butenedicarboxylateTnalonate (yield 90 per cent.). 

The ester distilled with some decomposition at 210°/20 mm. as 
a rather viscous, pale yellow oil, but at pressures above 20 mm. 
it decomposed almost entirely (Found; C = 57*81; H — 6-76. 
CjjHgiOgN requires C = 57*88 ; H — 0*75 per cent.). 

The alkaline aqueous layer yielded on acidification a small 
amount of a viscous, brow ii oil which gave an intense purple colour 
with ferric chloride. The amount w'as insufficient for a complete 
examination, but the substance appeared to consist essentially of 
an ethyl hydrogen ester of buteiiedicarboxylic-cyanoacetic acid 
admixed with a ketonic product of secondary condensation. 

Ethyl ^‘^-Bui€n€-yi^-dicarboxylatc-'^■malonate (VI). — The prepar- 
ation of this substance by the addition of ctliyl sodiomalonate to 
ethyl muconate was effected in precisely the same way as the 
preceding one, except that no alcohol was added. Ethyl butene- 
dmrboxykiemalonate was thus obtained as a pale yellow^, fairly 
mobile oil. After removal of traces of ethyl ma Ion ate by steam 
distillation, an almost pure product wms obtained (yield 90 per 
cent.). After distillation, which can be carried out at low pressures 
with only slight decomposition, it w^as obtained as a colourless 
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oil, b. p. 215714 mm. {Found: C = 56-8; H === 7*2. 
requires C = 57*0; H -- 7*2 per cent.). 

Ethyl Hydrogen A“-.BM«ewe-a 8 -dicar 6 ox 2 /ia«e-p.w?aZcma^e.--The al- 
kaline aqueous liquor yielded on acidification a small amount of 
red oil which gave an intense purple coloration with ferric chloride. 
On hydrolysis with concentrated hydrochloric acid, it yielded 
A“'biitene-aS-dicarboxy lie- ^-acetic acid (II), and, after purification 
by reprecipitation from a solution of its sodium salt, gave figures 
which indicate that it is the triethyl hydrogen ester of butene- 
dicarboxyl icmalonic acid. Tlie coloration with ferric chloride 
appears to be due to the i)rcsenee of a trace of some ketonic con- 
densation product (Found : C = 54*53; H = 6-30. 
requires C = 55'o4; H ~ 0*66 per cent.). 

2 : Dihjdroxypyr id ine-^- propionic Acid (IV).— Ethyl butene- 
dicarboxylatccyanoacetatc (60 grams) was mixed with an equal 
volume of concentrated .sulphuric acid and kept for five days. 
The hydrolysis was completed by adding water (120 c.c.) and boiling 
for twelve hours, removing the condenser at intervals to expel 
alcohol, but keeping the volume constant by addition of water. 
The sulphuric acid was removed by adding the boiling solution 
to the calculated quantity of barium hydroxide dissolved in 2 litres 
of boiling water. After rapid filtration by the aid of the pump, 
the clear filtrate deposited, on cooling, a considerable quantity of 
a solid crystallising in pale brownish -yellow flakes, which was 
recognised as a 2 ; G-dihydroxypyridine. 

The liquor from which this substance separated was found still 
to contain a little sulphuric acid. It was therefore treated with 
small quantities of barium chloride solution until no more barium 
sulphate was precipitated. The filtered solution was evaporated 
to dryness several times with small quantities of hydrochloric acid 
The residue having been extracted with acetone, the undissolved 
portion consisted mainly of the hydrochloride of the base. This was 
decomposed as accurately as possible with standard alkali, and the 

liberated base filtered off. . 1 j *^* 

2 ; 6-DihydroxypyridineA-propionic acid possesses marked acidic 
and basic properties. It acts as a dibasic acid, as might be expected 
of a substance with its constitution, and dissolves m mineral aci s 
to produce salts. The sulphate and the hydrocUmde are obtained 
as small, colourless needles on dissolving the compound in oO p 
cent, sulphuric and concentrated h>^drochloric 
Both these salts dissolve readily in cold water without appreciab 

dissociation. , 

Dihydroxypyridinepropionic acid is insoluble or ^ 

soluble in thru.,ual organic solvents, but in smaU aniount can be 
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recr 3 ’^stalli 8 ed from boiling water. Its solutions turn green or 
Durple on standing, and the substance itself, on heating, darkens 
above 250° and decomposes at 257° [Found : C — 52*37 ; H = 4*96. 
C H 9 O 4 N requires C — 52*46 ; H = 4*91 per cent. 0*0862 neutralised 
24.8 c.c. of 0*0385iV-barium hydroxide. Calc, (dibasic), 24*5 c.c.]. 

Ethyl ^‘^-Buiene■ah-dimrboxyU^^-^-a^etale , — The acetone extract 
(p. 2018) yielded on evaporation a brown syrup which Would not 
solidify- It ^ 3.8 therefore esterified with alcohol and sulphuric 
acid. The bulk of the ester distilled at 195^205° /1 9 mm. as a 
colourless, mobile oil which gave, on hydrolysis w'ith mineral acids, 
good yields of A*- butene- aS-dicarboxylic-p- acetic acid. 

^<i3ulene-(^^'dimrhoxylic-^-aceiic Acid (Modification A) (11).— 
This substance was obtained, not only from ethyl butencdicarboxyl- 
ateacetate by hydrolysis with concentrated hydrochloric or dilute 
sulphuric acid, but also directly from ethyl A“-butene-a 8 -dicarb- 
oxylate-p-malonate. The latter ester ^vas boiled with concentrated 
hydrochloric acid until dissolution was complete, and, on cooling, 
a quantity of the acid separated out. A further quantity was 
obtained by concentrating the solution on a steam-bath. Extrac- 
tion of the remaining liquor with ethyl acetate yielded a syrup from 
which another small amount of the solid acid was obtained by 
dissolving in dry ether and keeping for several days. The acid, 
which is only sparingly soluble in cold water and almost insoluble 
in dry ether, benzene, or chloroform, was recrystalliscd for analysis 
from ethyl acetate, from which it separated in colourless, crystal- 
line aggregates melting at 179° without decomposition. Larger 
quantities were readily recrystallised by dissolving in hot water 
and adding an equal volume of concentrated hydrochloric acid. 
The unsaturated nature of the acid was shown by its instantaneous 
reduction of cold alkaline permanganate [Found: 47*62; 

H = 5*07. CgHiflOg requires C = 47*52 ; H = 4*95 per cent. 
0*0608 neutralised 23*5 c.c. of 0*0385 barium hydroxide. Calc, 
(trihasic), 23*5 c.c.]. The silver salt was obtained in the usual 
way as a white, curd-like precipitate (Found: Ag = 6 l* 5 . 
CjjH^OgAgg requires Ag — 61*9 per cent,). 

Boiling acetyl chloride slowly converted the acid into its 
anhydride, the conversion being still incomplete after twenty 
hours. The anhydride was readily extracted from the mixture 
by boiling benzene, from which it separated in flattened needles 
melting at 116°. It dissolved in alkali with immediate hydration 
[Found : C - 52*4 ; H = 4*4 ; M (tribasic) = 184. 
requires C = 52*2; H == 4*34 per cent. ; M = 184]. Conversion 
into the original acid was brought about both by water and by 
concentrated potassium hydroxide. 
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The proportion of syrupy material increased when the process 
of hydrolysis was prolonged by using more dilute mineral acid. 
Analysis of the white, ourd-like silver salt derived from the syrup 
gave figures inconsistent with a pure substance, but denoting a 

decrease of basicity. , ^ c j- 

Sodium Sodium (2-6 

grams) was dissolved in absolute alcohol (45 c.c.) and to the cold 
solution water (5 c.c.) was added. On mixing with this solution 
ethyl A".butene-»LS-dicarboxylate-p-malonate (10 grams) and heat- 

ing for a short time on the steam-bath, a pale yellow, crystalline 
sodium salt was precipitated in almost quantitative yield. This 
was rapidly filtered and washed by repeated tnturation with 
absolute alcohol. After drying in an evacuated 'desiccator, the 
pure salt was obtained as a pale yellow, very hygroscopic powder 
(Found ; Na = 27-2. C9H508Na4 requires Na = 27-5 per cent.). 

^‘.Butene-ti^-dicarboxylic-'^-acdic Acid (Modification B).— Acidifi. 
cation of the deep yellow, aqueous solution of the tetra-sodium 
salt ivith the theoretical amount of dilute hydrochloric acid gave 
a colourless solution, from which, by repeated shaking with ether, 
an almost colourless gummy acid was extracted. This, on keeping 
in an evacuated desiccator, partly solidified, and the solid matter 
was separated by rubbing the mass with dry ether. The ethereal 
solution, on long keeping, deposited a further amount of the same 
substance, but the separation was by no means complete, A 
rather better result was obtained by repeating the process of 
desiccation and ether treatment until no further solid would separate 

The solid acid was extremely soluble in cold water, but almost 
insoluble in benzene or chloroform. It was recrystallised from 
ethyl acetate, from which it separated in colourless crystaMe 
ag^egates of indefinite shape melting at 152°, but these crystak 
gLe low results on analysis owing to retention of the solvent. 
The acid was therefore reciystallised by heating under reflux mth 
a large volume of pure ether until it dissolved, crystallisation 
takin g place on concentrating the solution. It was thus obtained 
as a w4e, crystalline powder still melting at 152 . Afterjlryng 
in the steam-oven, it gave the following ^ ’ 

H = 5'2 (C.H,„0„ requires C = 47-5; H = 5-0 per cent.). O-Ubdi! 
neutralised 24-2 c.c. of 0-0386A-barium hydroxide. Calc, (tnbas^ 
24-3 c 0 The silver salt was obtained in the usual way as a white, 
^cipitate (Found: Ag = 62.1. C,H,OeAg, requires 

^Thaf portion of the product of hydrolysis J 

coupon represented only about 3 to 5 per cent of the whde & 
remainder, from which no further solid could be separated in any 
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was dissolved in boiling water and carefully neutralised with 
ammonia. Treatment of the cold solution with silver nitrate gave 
white curd- like silver salt, from which the acid was regenerated 
by decomposition with hydrogen sulphide in dry ethereal suspen- 
sion Evaporation of the solvent in a vacuum left the acid as a 
colourless, viscous gum, wliich on titration gave figures closely 
approximating to those required by the formula OgHioOe (tribasic). 
It could not, however, be decided with certainty whether the 
substance was essentially an unsaturated acid or an isomeric 
lactonic acid. Complete analysis of the silver salt yielded figures 
scarcely more conclusive (Found : C = 18-02; H = 1-42; Ag = 
60-0. C 8 H,OfiAg 3 requires C = 18-37; H = 1-34; Ag = 61-9 per 
cent.}. 

0Tid(Uionof(&) ^*^Butene■o^^^dicarboxyUc^^^-ac€tic Acid, (b) Sodium 
^•t^Bukne-ah-dicdrboxylate^^'malonate. — [d) To the less fusible acid 
(3 grams) in sodium hydrogen carbonate solution at 0°, 3 per cent, 
potassium permanganate was added drop by drop, with stirring. 
The equivalent of six atoms of oxygen was added before reduction 
ceased. The oxidation mixture, decolorised with sulphurous acid 
and freed from manganese oxide by steam treatment and filtration, 
was successively treated with dilute hydrochloric acid, ammonia, 
and calcium chloride. The precipitate thus obtained was found to 
consist entirely of calcium oxalate. Concentration of the alkaline 
mother-liquor to small bulk and subsequent acidification gave a 
liquid from which repeated extraction vdth ether removed a white, 
crystalline solid. This was contaminated with a minute amount 
of syrupy substance, but after washing with dry ether melted 
sharply at 185'’, and proved to be succinic acid (mixed melting 
point). Careful examination of the residual liquor revealed no 
trace of tricarbatlylic acid. 

(b) The tetra-sodium salt (7 grams) was dissolved in water 
(300 G.c.) containing sodium hydrogen carbonate (3-5 grams) and 
the same procedure as above followed, except that the equivalent 
of only four atoms of oxygen was suppbed. The results were 
identical with those of {a). 

Oxidation of Ethyl di^-Butene-a^-dicnrboxylate-^-cyavoacetate (I). — 
The ester (14 grams), suspended in a solution of sodium hydroxide 
(14 grams) in water (500 c.c.) at 0°, was mechanically agitated 
while 3 per cent, potassium permanganate was run in. Reduction 
of the latter was rapid until the equivalent of three atoms of oxygen 
had been added, when it ceased. The cold, filtered reaction 
mixture was extracted many times with, ether, and from the extract 
was obtained a considerable amount of a pale brown syrup which, 
after keeping for several weeks, partly solidified. Draining of the 



2022 SMILES AND HARRISON : F-DITHIOBBNZOIC ACID. 

semi-solid mass on a porous tile yielded a white solid, which, altet 
recrystallisation from boiling water, was obtained as colourless 
needles melting at 104°. This substance gave in alcoholic solution 
a deep red colour with ferric chloride, titrated accurately ^ ^ 
dibasic acid, and agreed in all respects with ethyl hydrogen a-cyaoo 
3-ketoadipate (X) (Found: C = 50-69; H = 5-37. Calc., 
50-68; H = 5-20 per cent.). 

Oxalic acid could readily be obtained from the residues after 
boiling with alkali to complete the hydrolysis. 

I desire to express my thanks to Professor J. F. Thorpe and 
Dr. C, K. Ingold for the interest they have taken in this researeli 
and to the Government Grant Committee of the Royal Society 
for a grant which has largely defrayed the cost of the materials 
employed. 

IUPET^IAi COLLEQB OF SCIENCE AND TECHNOLOGY, 

South Kensington. [Received, July 5th, 1922.] 


CCXLIIL — ip-Dithiobe7izoic Acid, 

By Samuel Smiles and Douglas Creese Harrison, 

Investigation of o- and m-dithiobenzoic acids has shown tbt 
the reactions of the dithio -group in these substances are remark- 
ably different and it thus became desirable to examine tte 
behaviour of the para-isomeride. Although the ortho -derivatiTe 
has been the subject of much investigation, p-dithiobenzoic acid 
has not yet been mentioned in literature, in fact, the only derivatke 
of the type described seems to be the p-methylthiolbenzoic acid (IV) 
which was obtained by Zincke and Jorg {Ber., 1910, 43, 3448) 
from p-methylthiol aniline by replacement of the amino-group 
with carboxyl. In the preparation of dithio benzoic acid (T., 
1921, 119 , 1702), reduction of ??Lehlorosul phony Ibenzoic acid 
proved to be the best method of obtaining the material in large 
quantity ; a similar process has been found to be convenient fer 
obtaining the desired para- compound. Technical p-toluenesui- 
phony! chloride serves as a convenient starting material; attempts 
were made to convert this substance directly to the desired p-chloro* 
sulphonylbenzoic acid by oxidation with chromic anhydride in 
acetic acid solution, but the yields were poor and variable. The 
chloride was therefore converted to the sodium sulphonate, and 
this was oxidised in the usual manner, the resulting p-sulphobenzoie 
'acid being isolated as the mono-sodium salt (I). The conversion 
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of this product to ^)-chlor08uIphonyIbenzoic acid (II) was readily 
accomplished by the action of hot chlorosul phonic acid. This 
niethod has obvious advantages over the usual method involving 
the use of phosphorus pentachloride : the partial hydrolysis of the 
dichloride is avoided, the crude product is sufficiently pure for 
immediate further treatment, and the yield is almost theoretical. 
Heduction of this chlorosulphonyl derivative gave good yields of 
the sulphinic acid (III) or of the corresponding thiol. Methylation 
of the latter gave the p-methylthiolbenzoic acid described by 
Zincke and Jdrg {loc, cit.) and by Gattermann {AnnaleUj 1912, 393, 
226), whilst oxidation readily furnished ])-dithiobenzoic acid. It has 
been previously recorded (T., 1921, 119, 1795) that the dithio- 
roup in m- and o-dithiobenzoic acids is resolved by the action of 
Ikali hydroxide; preliminary experiments with the para-deriv- 
tive indicate that a similar action takes place and that the 
ission is much more rapid than in the case of the ortho-compound, 
I'hich is undoubtedly the least reactive of the three isomcrides. 


COgH 



CO2H CO^H CO^H 



SO3CI SO2H S-CHj 

(11.) (ITT.) (TV.) 


E X P E R I M E N T .\ L. 


i^-Gklomulphonylbenzoic Acid, COoH'CgH^'SOgCl.— The solution 
obtained by hydrolysis of 51 grams of p-toluenesulphonyl chloride 
with a slight excess of aqueous sodium hydroxide was nearly 
neutralised with dilute sulphuric acid and then mixed with 88 grams 
of potassium permanganate. Water was added to bring the 
volume of the solution to about 1^ litres, and this wms heated 
until oxidation was complete. The oxides of manganese were 
removed and the colourless liquid was evaporated to about one- 
third of the original volume. After being mixed with excess of 
sulphuric acid, the solution was cooled, when the mono- sodium 
salt of p-sulphobenzoic acid separated. A further quantity of the 
product was obtained from the liquor by the addition of saturated 
brine, the total yield being 50 grams of crude material. A sample 
was purified by crystallisation, first from brine and then from hot 
water, in which it is freely aoluljle. Mono-sodium p-sulphobenzoate 
C 02 H'CgH 4 *S 03 Na, 2 H 20 , after being dried in the air, contains 
2 mols. of water of crystallisation, which are lost at 125— 130'^ 
(Found : HgO = 14-0; Na, in anhydrous substance, = 10'2. Calc., 
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g Q _ — 10*27 per cent.). This salt has been previoiiBly 

described as containing two and a half molecules {Anmhn, 1876, 
178 , 279) and one molecule {Ber., 1877, 10 , 1715) of water o| 

crystallisation. t. - j 

Thirty-five grams of this anhydrous salt were heated with 50 c.c. 

of chlorosulphonic acid at 100" for about one hour, then the liquid 
was cooled and poured slowly over crushed ice. The colourless 
product was collected, washed with water, and dried; the yield 

30 35 grams. It may here be mentioned that in other 

experiments which are in progress it has been found that, in 
contrast with the meta- and para-compounds, o-chlorosulphonyh 
benzoic acid is very unstable and is readily decomposed by water 
in the neighbourhood of 0". Hence it is evident that any of this 
ortho-compound which might have survived from the technical 
sulphonyl chloride used is at this stage eliminated. p-ChlOro- 
sulphonylbenzoic acid is moderately soluble in hot acetone, from 
which it separates in colourless needles; these melt and decompose 
at about 235°, the exact temperature depending on the rate of 
heating (Found: 01^15-87. Calc., Cl - 16-09 per cent. For 
complete interaction, 100 c.c. of A^NaOH required 7-43; calc., 

7-35 grams). ^ , , 

^-Sulphinobmzoic Acid, CO,H-C,H,-SO,H.-Twenty grams of 
p-cUorosulphonylbenzoio acid were suspended in 250 c.c. of water 
containing 70 grams of sodium sulphite. The mixture was shaken 
until all the chloride had dissolved, the liquid being kept weakly 
alkaline by repeated addition of small quantities of aqueous sc^ium 
hydroxide. When interaction was complete, excess of dilute 
sulphuric acid was added to the mixture, which was then kept 
for some hours to allow complete separation of the sulphmic acid. 
This was purified by crystallisation from hot water. p-&ulphm- 
benzoic acid forms colourless needles which are sparingly soluble 
in cold water and melt and decompose at about 245 according 
the rate of heating (Found ; S = 17-57. C,H S = 7-2 
per cent. 100 c.c. of iV-NaOH required 9-4; calc., 9-3 gram ) 

p.niolbenzoic Acid. CO,H-CeH*-SH.-Twenty grams of he 

carefuUy dried sulphonyl chloride were dissolved in about 75 ^ 
of acette acid. To the hot solution zinc dust and concento^ 
hydrochloric acid were added at 

When reduction was nearly complete, the liquid became , 
ultimately a solid separated which increased m T^^antity aft 
liquid had been cooled and kept for a few ^ , , g 

aid was then added to remove excess of zinc, and *6 prod 
ooUeoted. About 11 grams of the dried thiol denv 
obtained. The product thus isolated formed a colour , 
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tailine powder which decomposed at about 250° and was very 
' aringly soluble in all common solvents. The latter property 
combined with the liability of raercaptans to undergo oxidation 
renders the purification of the substance very difficult. For 
example, the substance is sparingly soluble in boiling nitrobenzene, 
but the crystalline material which separates from this solution 
was found by analysis to be a mixture of the disulphide with other 
oxidation products. Hence, for analysis, a sample of the substance 
was submitted to methyl ati on with methyl sulphate in alkaline 
solution. The product after crystallisation from hot winter melted 
at 190°; Zincke and Jorg give 192° [loc. cit.), whilst Gattermann 
Hoc cit.) quotes 190° as the melting point of p-methylthiolbenzoic 
acid (Found : C = 56*9 ; H = 5*0 ; S 19-5. Calc., C = 57-1 ; 

S — 19T per cent.). The barium, silver, and copper 
salts of p-thiolbenzoic acid arc sparingly soluble in water ; they 
exist in two series, in one of which the carboxyl group alone is 
involved, whilst in the other both this and the thiol group take 
wt. The salts of the latter type are the more soluble. 

^.Bitkiobenzoic Acid, [C02H*CgH4-S-]2. — The dithio-acid is readily 
hrmed from the mercaptan by the usual raethod.s of oxidation; 
it was most readily obtained by heating the latter substance in 
lir at 100°. To prepare a pure sample of the dithio-acid the mer- 
captan was first purified by the following ])rocess. The crude 
material w'as dissolved in a slight excess of dilute ammonia, and 
the .solution boiled until nearly neutral; the precipitate, which 
contained a small quantity of zinc, w-as removed and the mer- 
captan liberated by dilute hydrochloric acid. The product was 
again submitted to the same treatment and then boiled with water 
until all ammonium chloride was removed. At this stage oxidation 
to the disulphide was extensive, but the change was completed 
by heating the substance at 100° for some hours {Found : S ^ 21*1 ; 
C = 54-7 ; H = 3-6. requires S = 20-9 ; C - 54-9 ; 

H - 3-2 per cent.). p-Dithiobenzoic acid, prepared in this manner, 
formed a colourlcs-s powder which melted and decomposed some- 
what above 320° and was insoluble in water and very slightly 
soluble in organic media. The following data illustrate the action 
of alkali hydroxide with the sub.stancc. A sample wms dissolved 
in excess of cold N /2-sodium hydroxide ; the free alkali was then 
estimated after the lapse of ten minutes and it was found that 
one molecular proportion of the disulphide had combined with 
2-2 equivalents of sodium hydroxide. Under these conditions, the 
dithio-group evidently remains intact. A similar operation with 
a larger excess of alkali at 100° sliowed that decomposition was 
extensive, since 3-97 equivalents of alkali had combined with one 
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molecidar proportion of the disulphide. Further experiments ai^ 
required to show the exact relative stability of the three isomeric 
dithiobenzoic acids. 


King’s College, 
London. 


[Received, August 2ilh, 1922 ,] 


CCXLIY.—Beactions of Cellulose with Sodium Chloride 
ci7id othcT Neutfcil Sg-U Solutious. PuTt /, Pre> 
liminary Survey. 

By Helex Masters. 

In some experiments carried out by the British Scientific Instm. 
ment Research Association in connexion rvith tissue papers used 
for wrapping lenses, it was observed that some of the papers gave 
a slightly acid liquor on extracting with a solution of sodium 
chloride, although no acid could be detected in the aqueous 
extracts’ of these papers. Further observations indicated that 
the paper might possibly contain a trace of acid which could not 
be detected by the usual tests, but which was removed when the 
paper was extracted with the salt solution. As the chief problem 
under consideration, namely, that of providing a paper which 
would not produce tarnishing on a polished glass surface with 
which it was left in contact, had been satisfactorily solved, these 
investigations were not continued further, although the results 
were sufficient to indicate that a further study of the behaviour 
of cellulose with neutral salt solutions might prove of considerable 
iDf6r6st. 

In consultation vith Sir Herbert Jackson it was agreed that 
such an investigation should be undertaken in conjunction inth 
the British Scientific Instrument Besearch Association as an 
extra-mural research. 

It is well known that some metallic substances are taken up D\ 
cellulose and that concentrated solutions of certain salts have a 
solvent action on it, hut it appears to be generally accepted hat 
cellulose is without action on dilute solutions of most neutral salts. 

Schwalbe (“ Die Chemie der Cellulose "), after 
numerous observations which have been made on the reacti 
cellulose with neutral salt solutions, expresses the opuiion th 
there is no definite evidence that cellulose can decompos. 

'"nSson (J, Aoc. Dr.rs Col, 1912, 28, 3 ^ 9 ), on the other toi 
in studying the behaviour of cotton in relation to dye g, 
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that whenR solution of sodium chloride was filtered through purified 
cotton, hydrochloric acid passed through. The presence of this 
acid was detected by an electrolytic method, as the solution was 
"00 dilute for chemical analysis. The solution was found to have 

higher conductivity after than before filtration. 

Ill the experiments made by the British Scientific Instrument 
Research Association, acid was extracted in sufficient quantity to 
eact with neutral litmus and with methyl-orange. 

In view of the difficulty of obtaining cellulose free from small 
races of impurities, the liberation of acid from the cellulose on 
xtraction with sodium chloride might be due, as already suggested, 
0 the presence in the cellulose of a trace of acid which could not be 
rashed out with water, but which was removed on extracting with 
odium chloride. As, however, the existing evidence indicates 
hat the quantity of acid liberated is likely to be extremely small 
ind of such an order that it would not be detected by the ordinary 
nethods of analysis, the liberation of the acid might also con- 
ieivably be due to some reaction between the cellulose and the salt 
olution. A reaction of this character would not necessarily be 
ncompatible with the generally accepted view that sodium chloride 
3 in the ordinary sense, where quantities of greater magnitude are 
nvolved, without action on cellulose. 

In these investigations it was first of all necessary to obtain more 
lelinitc evidence of the liberation of acid on the extraction of 
’ellulosc with sodium chloride, and in the event of acid being 
iterated to determine, if possible, wffietlier this reaction was due 
;o impurities in the cellulose or to some reaction between the cellulose 
uid the salt solution. 

The best quality cotton w'ool was selected as the most suitable 
naterial for these experiments, as this may be regarded as one of 
he purest forms of cellulose available in considerable quantity. 

Method . — Freshly distilled w'ater w^as used for washing the cotton 
ind for preparing the required solutions. Its neutrality \vas tested 
mmediately before use by titration with 100 -acid, using m ethyl - 
orange as indicator. The titrations w’ere carried out in white 
porcelain dishes, and the amount of indicator added was carefully 
.’egulated. With good daylight illumination or with an inverted 
ncandescent gas -lamp, a distinct colour change could be observed 
when 0‘2 c.c. of iY/lOO-acid was added to 100 c.c. of water, so that 
it should be possible by this method to detect the presence of 
HI milligram of hydrochloric acid or its equivalent in 100 c.c. 
3 water. Expre.ssed in terms of hydrogen-ion concentration, this 
5oution would give a value of Pjj = 4 to 5, and this is just within 
me limits of sensitiveness of the indicator. 
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The cotton was washed with water until at least two successive 
washings gave the same reaction as the water. In the first experi. 
ments, the cotton was steeped for about twenty-four hours, or in 
some cases boiled for one hour in the water, and the water decanted 
and tested. This method of washing was found to be extremely 
slow, and in the later experiments the cotton was packed tightly 
in a cylindrical glass funnel connected with a filter flask and pump. 
The stem of the funnel dipped into the water used for washing, and 
the water was drawn through the cotton and collected in the filtej 
flask. In all these later experiments, the cotton, after -washing 
with cold water until a neutral extract ^vas obtained, was washed 
three or four times with boiling water and then again with cold 
winter to ensure the removal, as far as possible, of soluble substances 


present in the cotton. 

A neutral solution of sodium chloride was next passed through 
the washed cotton, the solution being tested both before and after 
passing through the cotton in the same manner as the water. The 
solution of sodium chloride which had passed through the cotton 
was found in all ca.ses to be acid to methyl-orange, although several 
different samples of cotton were tried, some of which gave at first 
a slightly alkaline extract during the preliminary washing and 
others a slightly acid extract. The acidity of the solution which 
had passed through the cotton was determined by titration with 
A/lOO-alkali, using, as in the case of the water, 100 c.c. for each 
tiUation. If the extraction with sodium chloride was repeated 
several times, the amount of acid extracted rapidly decreased and 
after two or three extractions the extract became neutral. 

If the liberation of acid is due to the salting out of some im- 
purity in the cotton, it might be anticipated that extracting with 
sodium chloride until a neutral extract vvas obtained would remove 
this impurity and that the cotton thus treated and the original 

cotton might behave differently. 

To test this point, the cotton which had been extracted with 
sodium chloride until a neutral extract had been obtained was next 
washed with water until the washings were free from chloride an 
neutral. On passing .sodium chloride through this cotton, an acia 
extract was again obtained. 

The processes of alternately extracting with water and with sodw 
chloride solution, in each case until a neutral extract was yY®' ' 
were repeated several times and acid was always extrao e ^ 
the sodium chloride solution was passed through the was c c ^ 

The amount of acid extracted in the successive experimen 
sodium chloride was estimated in each case by ^ 

A^lOO-alkali, all the sodium chloride extracts which gav 
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■eaction and taking the sum of these titrations as equivalent to the 
otal yield of acid for that experiment. 

The acidity at first showed a tendency to increase, the amount 
)f acid yielded in the second experiment being greater than obtained 
n the first, but afterwards the acidity appeared to approach a 
onstant value and no evidence was obtained, as the experiments 
oroceeded, of any decrease in the amount of acid extracted. It 
«ra 3 also observed that when the cotton which had been treated 
ffith sodium chloride was subsequently washed with water the 
grst washings had a slightly alkaline reaction. This alkalinity was 
very slight and decreased as the washing proceeded, but persisted 
through a number of washings, and some difficulty was experienced 
in completely freeing the cotton from alkali. 


Table I. 


Ten grams of cotton. j\710-Sodium chloride. 


Acid, 

Amount Alkali. 

C’.o. of expressed in C.c. of Equivalent in 
Treatment. 2V^/ 100- acid. mg. of IICl. AV 100-alkali, mg, of HCl, 

Preliminary wash- 
ing bO 0-3(1 

I. A' /10-Sodium 

chloride 0 0 2-2 

Water E^O 4-4 

II. A' /10-Sodium 

chloride It)- 8 3 0 

Water 11-2 4-1 

III. A^'/lO-Sodinm 

chloride 10-4 3-8 

Water 11-2 4-1 

IV. .V /10-Sodium 

chloride 10-8 3-9 

Water 10-8 3-9 

Average of II, III, 

and IV 10-7 3-9 IM 4-0 


. The total alkali thus extracted was estimated from the sum of 
the titrations of all washings giving an alkaline reaction, and it 
wa.s found that this alkali was, in most cases, approximately equiva- 
lent to the acid extracted from the cotton by the sodium chloride 
solution. As the extraction of this alkali extended over a con- 
siderable number of washings and the individual titrations were 
extremely small, very exact agreement could scarcely be expected. 

Table I shows the results obtained in a typical experiment in 
which 10 grams of cotton were alternately extracted wdth water 
and with N / 10- sodium chloride in each case until a neutral extract 
was obtained; 200 c.c. of liquid were used for each extraction. 
The acidity ia expressed as milligrams of hydrochloric acid, and^for 
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coiDparisoii the alkalinity is also expressed in this form. The acid 
extracted in the preliminary washing is included in this case in 
order to show that the amount is small compared with that subse- 
quently extracted by the sodium chloride. 

Results mth Sodium Chloride.— The figures in Table I record the 
total amounts of acid and of alkali extracted in the successive 
experiments, but provide no compaiison of the rates at which the 
acid and alkali were extracted from the cotton. For this reason, 
the results have also been expressed in a graphical form by plotting 
the volume of A"/ 100- acid or alkali used for the titration of each 
extract, 

Fki, 1. 




Tims in Fig. 1, the dotted line represents the extraction of arid 
and the continuous line the extraction of alkali The ortoa e 
represent the number of c.c. of V/100-acid or alkali used for 
neutralisation of each extract ; so the sum of the ordinates in ea.r 
;:Sion of the curve gives the total volnme of V/lOO-a ah or a J 
Ltraoted in that stage of the expcnme.it, and these , 

recorded in Table I. It will be seen that 

is much more rapid than the extraction of the alkali, t^ ^ 
first the acid is low and the alkali in excess of this acid, 
"rds Jm amounts of acid and alkali tend to become equii. 
lent. Similar results were obtained in the 
which the cotton was washed and extracted by s eepmg, 
amounts of acid and alkali extracted were smaller. 
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jYom the evidence thus furnished it appears that the liberation 
of acid by the action of sodium chloride on cellulose cannot be 
attributed, at any rate entirely, to the washing or salting out of 
acid originally present in the cellulose. 

It has already been noted that similar results were obtained with 
several different samples of cotton, although some of these samples 
.rave an acid extract on washing uitli water and some an alkaline 
(xtract. 

\'ariou.s expei-iments were made, modifying tlie i)ivlimliiary tjcat- 
luent of the cotton. The cotton washed with acid and with 
alkali, and was also extracted with alcohol and ether, and then, 
after washing until a neutral extract was obtained, extracted with 
the 'salt solution. In all cases acid w’as liberated when the cotton 
was extracted with the salt solution, and alkali when the cotton 
was subsequently extracted with water. 

An experiment was also made with cotton purified in the manner 
described by Cross and Bevan [“ Cellulose,'’ Cross and Bevan, Long- 
mans, p. 2 (1910)] for the isolation of cellulose from plant products. 
This purified cotton gave results which were in all respects similar to, 
and agreed closely ^vith, those obtained with the untreated cotton. 

The same type of reaction was observed w hen best quality filter- 
paper and also Avhen lustra-cellulose was u.scd instead of cotton. 
When carefully purified asbestos was subjected to the same treat- 
ment, no liberation of acid or alkali was observed. 

It is intended to continue some experiments w hich have been 
made with wool, the results of winch appear to indicate that alkali 
is liberated when the wool is extracted with salt solution, and acid 
when it is subsequently washed with water, this reaction being 
the reverse of that observed in the case of cotton. With the view 
of obtaining further data on which an explanation of the reactions 
observed in the case of cellulose could l»e ba.sed. the effect of varjing 
the concentration of the salt solution and also tlie weight of cotton 
extracted was next examined. 

Fvsthfr ExperimaiU fcKh Sodii/m Ch!ori<l(\~\'\iQ amount of acid 
extracted by a 20 per cent, solution {34 A") of sodium chloride, 
was, on the average, the same as that extracted by a .V/lO-solutioii 
(3-9 mg. of HCi) and, as before, the acid yielded in the first experi- 
ment with sodium chloride was knv. 

On washing with water, the alkali waslied out very irregularly. 
Ihe washings were at first alkaline, then showed a tendency to 
ecome neutral, afterwards becoming alkaline again. The total 
alkali extracted by the water was slightly in excess of the acid 
extracted by the salt solution and w^as equivalent on the average 
to 4-3 mg. of HCI. 
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In an experiment in which 30 grams of cotton were extracted 
with ^/lO-sodium chloride^ the average amount of acid extracted 
was 10‘5 mg. of HCl, and the average amount of alkali was equiva. 
lent to 11*2 mg. of HCl. These figures correspond with 3*5 and 
3*7 mg. of HCl, respectively, when calculated on 10 grams of cotton ; 
so that the amounts are only slightly below the averages obtained 
in the previous experiments. 

In view of the difficulty of extracting small quantities of acid 
and alkali completely from a relatively large amount of cotton 
and of obtaining absolute accuracy in the titration of such dilute 
solutions, the agreement may he taken as close enough to indicate 
that the acid extracted from the cotton by the sodium chloride is 
proportional to the weight of cotton extracted. 

Cotton ^vas also extracted with iV/lOO-sodium chloride; the 
acid in this case averaged 3*0 mg. of HCl, and the alkali extracted 
on washing was equivalent to this acid. 

Effect of T^m'perainre . — If the temperature of the sodium chloride 
solution was raised to boiling point and the solution then passed 
through the cotton, the amount of acid extracted did not increase 
and no evidence could be obtained that the use of boiling water 
facilitated the removal of alkali in the subsequent washing. In 
some cases, on the contrary, the alkali appeared to be removed 
rather less rapidly with boiling water than with cold water, but 
there was no appreciable dillerence in the total amounts extracted. 

The highly absorbent properties of cellulose and the very small 
amounts of acid and alkali liberated render it extremely difficult 
to obtain direct experimental evidence of the exact nature of the 
changes involved in the observed reactions, but it appeared that 
progress in this direction was most likely to be made by investigating 
the behaviour of other salt solutions under similar conditions. 

Other Salt Solutions . — Completed experiments have so far only 
been made with a few' salts, but it is intended that the examination 
shall be extended to a number of other salts. 

In these experiments, 10 grams of cotton w'ere extracted with a 
iV/lO-solution of the salt, using 200 c.c. for each extraction. 

Ammonium chloride and sodium sulphate gave re.sults in all 
respects similar to those obtained with sodium chloride, except 
that in the case of ammonium chloride the alkali washed out rather 
more readily. The amount of acid extracted with barium chloride 
and also with calcium chloride w'as considerably less than that 
extracted by sodium chloride, the average amount in both cases 
being 2*3 mg. of HCl. As indicated in Fig. 2, the washing out 
of the alkali was extremely slow, but the total alkali liberated was 
equivalent to the acid extracted by the salt solution. 
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With both these salts, the amount of acid extracted in the 
first experiment was slightly greater than that extracted in the 
succeeding experiments instead of less, as in the case of sodium 
chloride. 

With cadmium iodide, which was chosen on account of its being 
only very slightly dissociated in water, the washings did not become 
alkaline; the cotton was washed twelve times with cold water, 
three times with boiling water, and then again with cold water 
between each treatment with the salt solution. The amount of 
acid extracted in the first experiment was greater than in the 
succeeding experiments, and the average amount of acid extracted 
was 1‘2 mg. of HCl, which was less than that obtained with any 
other salt solution so far examined. 

Acid was also liberated when a solution of sodium formate (slightly 
alkaline to litmus) was passed through washed cotton. The extract 
was neutral to methyl -orange but acid to litmus. 

It has been noted that the amount of acid liherAted on first 
extracting the cellulose with the salt solution is in all cases some- 
what abnormal when compared with the amount of acid set free 
in the succeeding experiments when the acid liberated has reached 
a constant value, and it seems probable that the liberation of acid 
in the first experiment is influenced by certain factors which are 
not operative in the later experiments. 

The amount of acid liberated by any particular salt i.s also likely 
to be in some degree dependent on the solubility of the cone spending 
basic hydroxide or on the extent to wliich it is possible to remove 
the base from the cellulose by extraction with water, that is, if 
the base is only partly removed from the cellulose by washing with 
water, then the retention of this base will tend to reduce the amount 
of acid set free when the cellulose shall be subsequently extracted 
with the salt solution. 

Any attempt to remove the base more completely by washing 
with acid solutions instead of w^ater between the extractions with 
the salt solution is likely to give rise to further difficulties, since 
in this case the possible effect of the retention of small quantities 
of acid in the cotton w'ould have to be taken into consideration. 

Some experiments are, however, being made using two different 
salt solutions alternately, that is, the cellulose is first extracted 
with one solution and then, after thorough washing with water, with 
the other solution. It seems likely that results may be obtained 
by alternating suitable solutions in this manner, Avhich will make 
a more definite statement on these points possible. The possibility 
of freeing the cotton more completely from electrolytes by forcing 
water through it by electro-osmosis has also been considered, and a 
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fe^ preliminary experiments have been made. The results already 
recorded are, however, sufficient to indicate that the reactions 
observed in the case of sodium chloride are not to be attributed to 
any special property of this salt, but are rather to be regarded as 
of a more general character and typical of the behaviour of a number 
of other neutral salts. 

Since reactions of this order which would in the ordinary way 
escape detection are likely to be of considerable importance, not 
only in relation to the properties and reactions of cellulose, but 
possibly also in relation to other problems of colloidal chemistry, 
it has been thought advisable to extend the scope of the inquiry 
with the view of dealing with the whole subject, at a later date, 
on a more comprehensive basis than is at present possible. 

In addition to obtaining further data for a number of represen- 
tative salt solutions, the question as to whether these reactions 
are to be regarded as a special function of cellulose and arc dependent 
on its chemical composition and fibrous structure or whether similar 
reactions arc exhibited by other colloids and more especially by 
other fibrous material requires careful consideration. Experiments 
on these lines are now in progress. All that has been at present 
attempted is to give some account of the nature of the investigation 
and to record some of the more important results so far established 
in the course of this work. 

King's Colle(;e fok Women, 

Household and Social Science Decartment, 

London, \V. 8. [Rcceiird^ June 1922.] 


CCXLV. — The Condensaiioii of Awmallc o- Amino- 
snl phonic Acuk with hoCi/anic Acid. 

By John Richard Scott and Julius Be rend Cohen. 

It is well known that o-carbamidobcnzoic acid and its substituted 
derivatives readily yield anhydride.^ (hydantoins) by the loss of a 
molecule of \ratcr ; the object of the present research was to examine 
the possibility of obtaining compounds of a corresponding type 
(formula I) from o-carbaraido-sulphonic acids. It has been found, 
however, that the latter do not form anhydrides so readily as the 
corresponding carboxylic acids, and it is still doubtful whether 
such an anhydride has l)een obtained. This agrees with the 
observation of Paal and Zitelmann {Ber., 1903, 36, 3343), who were 
unable to obtain the anhydride of [i-plicnylcarbamidocthanc-a- 
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sulphonic acid, whereas Hoogewerff and van Dorp (Rec. trav. chim., 
1890, 9, 57) obtained that of p-phenylcarbamidopropionic acid. 



/\nh-co-nh, 

XI^^SO^H 

(III.) 


As no o-carbamido-snlphonic acid of the benzene series had been 
previously prepared, the action of Mocyanic acid on a number of 
p-substituted aniline -o-sul phonic acids (II) has been investigated. 
The results may be summarised as follow 

( 1 ) When X = NOg, isocyanic acid does not condense with the 
amino-group of the sulphonic acid, 

(2) When X — H, CHg, or SO 3 H, one molecule of iVocyanic acid 
condenses with one molecule of the sulphonic acid, giving a carb- 
arnido-acid (III). Attempts were made to convert the latter 
into the anhydride (I) hy the action of hydrochloric acid, acetyl 
chloride, or benzoyl chloride, but the acid was always recovered 
unchanged. 

By the action of phosphoryl chloride on p-carbamidotoluene-w- 
sulphonic acid, a compound was obtained having the properties of 
an anhydride, but owing to the small amount obtained the analysis 
was unsatisfactory. The examination of this compound is being 
continued. 

The action of aniline on p-carbamidotoluene-m-sulphonic acid has 
been found to take a somewhat unexpected course. By heating 
the acid with one molecule of aniUne, it was thought that ammonium 
p-phenylcarbamidotoluene-m-sulphonatc (IV) would be produced. 


NH-CO-NH™ 


I I 

\/ 

Me 


:S0,H 


NH»Ph 
^ 


NH*CO*NHPh 
^S 03 NH, 


\/ 

Me 

(IV.) 


NH-CO*XH 




SO3NH4 


iMe Me 

(V.) 


The products obtained, however, were 5 -diphenylcarbamide and 
ammonium s^di’p4olylcarbamide-2 : ^'-disvlpkonate (V). When 
excess of aniline was used, s-diphenylcarbamide and p-toluidine-m- 
sulphonic acid were formed. 

(3) When X = Cl, Br, or I, two molecules of Mocyanic acid 
condense with one of the sulphonic acid, giving a derivative of as- 
phenylbiuret (VI) ; according to its mode of formation, the product 
might have either of the formulae (VI) and (VII), but its constitution 
was proved by the following observations ; — 

(a) When p>bromophenylbiurct-o-sulphonic acid (VI) w'as heated 

4 a2 
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with excess of aniline at 160®, it was decomposed with the formation 
of p-bromoaniline-o-sulphonic acid and ^-diphenylbiuret, 

NHa 

|^'^S 03 NH,+NH{C 0 -NHPh)j 

\/ 

Br 

N(C0-KH,)2 

\/ 

iir 
{VII. ) 

In the case of a compound having the constitution (MI), the action of 
aniline would probably result in the splitting off of the two carbarn yl 
groups, which would be converted into s-diphenylcarbamide. 

(6) According to Schiff 1907, 352, 73), symmetrically 

substituted biurets (NHg'CO'NH'CO’NHg) give the biuret reaction, 
whereas asymmetric derivatives (XHK-CO'NH'CO'NH^) do not; 
our condensation products resemble the latter in giving no biuret 
reaction. 

(c) Potassium p-bromophcnylbiurct-o-siilphonale gives mono- 
acetyl and mono- benzoyl derivatives ; a su Instance having formula 
(MI) wmuld probably give di-substituted derivatives. 

When these biuret derivatives are treated with nitrous acid, no 
nitrogen is liberated and the resulting solution gives only a pale 
yellow coloration on the addition of [i-naphthol in sodium hydroxide 
solution. This affords a ready means of distinguishing these com- 
pounds from the carbamide -acids, which by the same treatment 
give nitrogen, and, with. |3-napbthol, an a zo- colour. Incidentally, 
it was shown that s-disubstituted carbarn ides (for example, s-d\- 
phcnylcarb amide and 6- acetyl phenylcarbamide) are also unaffected 
by nitrous acid. 

As the failure of nitrous acid to react w itii the biuret derivatives 
was somewhat unexpected, it was decided to examine its action on 
the two phenylbiurets. a^-Phenylbiuret was found to behave 
exactly like the products obtained by the action of isocyanic acid 
on the halogenoanilinesulphonio acids ; but, unfortunately, we were 
unable to obtain the symmetrical compound. Schiff {loc. cit.) 
claims to have obtained A-phenylbiuret by the action of phosphorus 
trichloride on phenylcarbamide, but wc were unable to isolate the 
compound. Bucseken and ('Ouvert {Ikv. irav. chim., 1910, [ii], 14, 
291) also failed to obtain it by this method. As it seemed probable 
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that rts-phenylcyaJiocarbamide (VITT) would yinld this substance 
hy hydrolysis under suitable conditions, 

(VITI.) CN-NPh'CO-NHg NHa-CO'NPh-CO-NHg 
attempts were made to obtain the former compound, {a) by the 
condensation of phenylcyanamide with wocyanic acid, which proved 
unsuccessful, and (6) by the action of ammonia on phenyl cyano- 
urethane (CN'NPh'COgEt). The urethane was readily obtained by 
the action of ethyl chloroformate on potassium phenylcyanamide 
(NKPlrCN), but the action of ammonia gave only a very small 
quantity of an impure product. Tlie attempt to obtain « -phenyl- 
biuret was therefore discontinued. 

The exceptional behaviour of the /j-halogeno-aniUne-o-sulphonic 
acids in giving biuret derivatives by the action of ?.socyanic acid 
is not due to the influence of either the sulphonic acid group or the 
lia logon atom alone, since, as we have shown, neither aniline -o- 
sulphonic acid nor p-bromoaniline yicld.s biuret derivatives, and 
previous investigators have shown that p-ehloro- and p-iodo-aniline 
give the corresponding car h amides. 

In order to determine whether p-bromophenylcarbamide-o- 
sulphonie acid (TX) can be converted into the corresponding biuret 
compound by the action of f^ocyanio acirl, or of ethyl chloroformate 
followed by ammonia. 


NH-CO-NH-CO-NH. 

/\s03H 


NH*CO*NH. 


Br 


Br 

(IX.) 

NH»CO-NH*r(XKt NH-CO-NH-CO-NH^ 

soji /ysoji 


Br 


Br 


the following methods for the preparation of the carbainido-acid 
are being investigated, [a) The sulpbonation of p-bromophenyl- 
carbamide; [b) the bromination of o-carbamidobenzenesulphonic 
acid ; (c) the condensation of p-bromoanilino-o-sulphonic acid with 
ethyl chloroformate, and treatment of the resulting urethane (X) 
with ammonia. 


cico-t-t /^NH-CO.Et AnH-CO-NHj 

BryySOjH ‘ Brl^ jSOaH 

(X.) 

The results of these experiments will be described in a later 
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communication, but it may be mentioned that the sulphonation of 
p-bromophenylcarbamide gives the desired product (IX), and 
p-tolylcarbamide may be converted in the same way into p-carb- 
amido toluene- w-sulphonio acid, identical with the product here 
described (p. 2039) ; the potassium salt of (X) has also been obtained. 
p-BromophenyJcarbamide-o-sulphonio acid is also produced by the 
prolonged action of acetic anhydride on potassium p-bromophenyP 
biuret-o-sulphonate, and de- acetylation of the product. 

The condensation of other p- substituted aniline- o-sulphonic acids 
with i.socyanic acid is being investigated. 

Experimental. 

'p-Nitroaniline-o-sulphonic Acid . — Equivalent amounts of sodium 
acetanilide-o-sulphonate (Claasz, Annaletiy 1911, 380 , 309) and 
barium chloride were dissolved in the minimum quantity of boiling 
water. On cooling, barium acetanilide -o-sulplionate separated in 
small prisms. This was nitrated to give p-nitroaniline-o-sulphonic 
acid (Boyle, T., 1911, 99 , 329). 

The potassiu7n salt forms anhydrous, orange, rhombic plates, 
and is remarkable for its sparing solubility in water, being formed 
as a precipitate by the addition of a potassium salt to a solution of 
the acid. Even with a 0*1 per cent, solution of potassium chloride, 
a precipitate is formed after some time. The ammonium salt forms 
small, orange rhombohedra, sparingly soluble in cold water, and 
charring without melting at about 290°. The aniline salt separates 
from alcohol, in \Yhich it is not very soluble, in yellow, rhombic 
plates, decomposing without melting at 236 — 237°. 

Action of Potassium Cyanate on ))-Nilroan.iline-o-sulphonic Acid.— 
(a) On mixing aqueous solutions containing 1 mol, of the acid and 
2 mols. of potassium cyanate respectively, an orange precipitate 
was throwm down. This, after recrystallisation from water, formed 
orange, rhombic plates and was proved to be potassium p-nitro- 
anilinc-o-sulphonate (Found : N = 11*21. Calc., N ~ 10' 94 per 
cent.). The precipitation of this salt was almost quantitative. 

(h) A solution containing 1 mol. of the nitro-acid, 1-5 mols. of 
potassium cyanate, and 0-5 mol. of hydrochloric acid in sufficient 
hot water to give a clear solution was evaporated to small bulk and 
cooled. Potassium p-nitroaniline-o-sulphonate again crystallised 
out almost quantitatively, 

(c) One mol of the nitro-acid, 2 mols. of the cyanate, and 4 mols. 
of hydrochloric acid were boiled for some time with a large volume 
of alcohol. The orange precipitate originally formed did not 
redissolve and was again shown to be potassium p-nitroaniline-o- 
sulphonate. 
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^.Toluidine-m-sulphonic This acid, prepared according 

U) von Pechmann {Annakn, 1874, 173 , 195), forms pale yellow 
jieedles which turn brown at 290^ and above and decompose to a 
black mass at 312'’. The ammonium salt consists of small, colourless 
prisms and melts with decomposition at 241—243”; the aniline 
salt crystallises from alcohol in needles melting with decomposition 
at 237--241”. 

Condensation with i^oCyanic Twenty -five grams of p- 

toluidine-m-sulphonic acid {1 mol.) and 15*5 grams of potassium 
cyanate (1-5 mols.) were dissolved in 150 c.c. of water; the clear 
solution was treated with 64 c.c. of hydrochloric acid (0-5 mol) 
and evaporated to dryness on the water-bath. The residue was 
dissolved in sufficient boiling w'ater to make 130 c.c. of solution, 
which, after filtering, was kept over-night. The white, pasty mass 
which separated was filtered off and dissolved in a boiling mixture 
of 65 c.c. of hydrochloric acid and 65 c.c. of water. On cooling, 
p-carbamidotoluene-w-sulphonic acid crystallised out in small 
plates (15 grams). A little more, mixed with some p-toluidine-w- 
sulphonic acid, was obtained by concentrating the mother-liquors. 
The product was rccrystallised from a mixture of three parts of 
water and two of hydrochloric acid. 

^^Carha7mdoioluene-m-s%dj)honic acid forms small, colourless, 
rectangular plates or prisms which become yellow at 210“ and 
decompose at 222—223“ (Found : in air-dried material, N 11-60; 
H = 4*78, 4-71 ; H^O == 7-9G ; in material dried at 120°, C = 41-45 ; 
]V— 12-01. CgH^j^ 04 N' 2 S,H 20 requires N ^ 11-29; H — 4-85; 

H20^7-2G. requires 41-74; N — 12-17 per 

cent.). It iii very soluble in water, sparingly soluble in methyl or 
ethyl alcohol, and insoluble in otlier organic solvents. Owing to 
its sparing solubility in cold hydrocliloric acid, it may be precipitated 
from an aqueous solution by the addition of hydrocliloric acid, and 
is best crystallised from a mixture of the acid and water. On 
attempting to acetylate the acid by boiling it with excess of acetic 
anliydride, a clear solution was obtained, which, on standing, 
deposited crystals of ?i-toluidinc-w-sulphonic acid (identified by 
its ammonium salt, prisms decomposing at 241°); no crystalline 
product could be obtained from the remaining liquid. It is there- 
fore evident that boiling acetic anhydride breaks down the 
carbainido-group. 

The potassium salt of p-carbamidotoluene-7/i-sulphonic acid 
crystallisos from w*ater, in 'which it is less soluble than the free 
aeW, in small prisms which lose their water of crystallisation at 
H5° (Found : in air-dried material, K = 13-51; Ufi = 5-98. 
^8^1AN2SK,H20 requires 13*04; Il.C 6*29 per cent.). 
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The ammonium salt forms small, colourless prisms decomposing at 
258° with effervescence. The aniline salt is prepared by heating 
the acid with aniline and alcohol. On cooling the clear solution, a 
mass of crystals separates ; this, after recrystallisation from alcohol 
in which it is very soluble, forms colourless needles or prisms, melting 
at 170 — 171° to a liquid which soon resolidifies and then melts 
with decomposition at about 247 — 249° (Found : N = 13-04. 
C 8 Hjp 04 N 2 S,CgH,N requires N = 13*00 per cent.). 

Potamum ^’Acetylcarbamidotohiene-m-sulphonate . — Potassium 
p- carbarn id otolucnC“??i‘Sulphon ate (4*5 grams) was boiled with 30 c.c, 
of acetic anhydride for one hour. After cooling, the solid was filtered 
off, washed with ether, dried in a vacuum, and twice recrystallised 
from boiling 70 per cent, alcohol. The fine, colourless needles thus 
obtained decomposed, with evolution of gas, at 291 — 293° (Found : 
in air-dried material, K ~ 11-44; H 2 O — 5*40; in material dried 
at 115°, 0-38*18; H-3-43; N-0-36. CjoH^O^NgSK^HjO 
requires K — 11-89; H^O = 5*49. Cj^H^jOsNaSK requires C — 
38-71; H — 3*55; N — 9*03 per cent.). Nitrous acid does not 
liberate nitrogen from this salt, and the resulting solution gives 
no azo-colour with alkaline [3-naphthol ; p-carbamidotoluene-??i- 
suiphonic acid, under the same conditions, gives nitrogen and a deep 
red azo-colour. An attempt to obtain the free acid by treating the 
potassium salt with h 5 "drochloric acid failed owing to the hydrolysis 
of the acetyl group. 

By prolonged boiling of potassium p -carbarn idotoluene-w- 
Bulphonate with excess of acetic anhydride, a clear solution was 
formed, from which, by distilling off the acetic anhydride under 
reduced pressure and crystalli.sing the residue from alcohol, small, 
colourless plates decomposing at 261° were obtained (Found; 
N = 4-94 per cent.). This was probably potassium p-acetyj- 
aminotoluene-w 2 -sulphonate (Calc., N — 5-24 per cent.) or potassium 
p-diacetylaminotoluene-m-sulphonatc (Calc., N = 4*53 per cent,). 

Action of Phosphor yl Chloride on p-Carbamidotoluene-m-sulphonk 
Acid . — Eight grams of the acid were boiled with 35 c.c. of phosphoryl 
chloride for ten to fifteen minutes, when a clear solution was obtained. 
After distilling off most of the chloride, the residue was poured into 
130 c.c . of water, and the mixture boiled for some time. The aqueous 
solution., on evaporation, yielded crystals of p-toluidine-w-sulphonic 
acid (yellow needles, decomposing at 309° ; ammonium salt, small 
prisms, m. p. 242 — 243° with decomposition). The insoluble, 
sticky residue, when treated with hot acetone, partly dissolved, 
leaving a white pow^der, insoluble in water or alcohol and remaining 
unchanged below 320°. The acetone solution, on standing, deposited 
a white substance, which was twice extracted with boiling acetone. 
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On pouring the extracts into water, a crystalline precipitate was 
thrown down; this was redissolved in boiling acetone, and water 
added until crystals began to form. On cooling, colourless, thin, 
rhombic plates separated, which weighed 0-2 gram and decomposed 
at 272'5® (Found : in air-dried material, HgO ^ 14-50 ; in material 
dried at 120®, N — 11-75. C 8 Hg 03 N 2 S, 2 H 5 j 0 requires HgO = 14-52. 

CgHgOgNgS requires N ~ 13-21 per cent.). This compound contains 
nitrogen and sulphur, hut neither chlorine nor phosphorus. It 
dissolves sparingly in water, giving a neutral solution, and is not 
acted on by sodium carbonate solution. 

Action of Aniline on ip-Carbamidotoluene-m-sulphonic Acid . — 
(a) 2-5 Grams of the acid (1 mol.) were ground with 0-95 gram of 
aniline (I mol.) until they were converted into a solid mass of the 
aniline salt. This was heated to 170 — 175®, at which temperature 
it melted to a viscid liquid, which soon resolidified. After keeping 
at 175® for thirty minutes, the mass was cooled, boiled with 50 c.c. 
of water, and filtered. The insoluble residue (1-0 gram), after two 
recrystallisations from alcohol, formed colourless needles, m. p. 
237-0 — 237-5®. It was identified as s-diphenylcarbamide by a 
mixed melting-point determination (m. p. of mixture, 236-5—237*0®) 
with an authentic specimen (m. p. 237-5®). The aqueous filtrate 
was evaporated to 10 c.c. and, on cooling, small pale yellow plates 
separated, which decomposed with vigorous efiervescence at 275 — 
276®. These were boiled with a little potassium hydroxide solution 
until no more ammonia was evolved ; the clear solution, on cooling, 
deposited a quantity of minute, colourless plates, which were re-, 
crystallised from 60 per cent, alcohol, and dried over sulphuric acid. 
Pdassium &-di-^4olykarbamidc~'2 : '2' Msxdphonalc was thus obtained 
as minute, anhydrous needles or plates (Found: N = 6-10; 
K— 16-21. requires N — 5-88; K — 16-38 per 

cent.). This compound ' gives no azo-colour when treated with 
nitrous acid and alkaline p-naphthol. The yellow plates decom- 
posing at 275 — 276° were evidently the corresponding ammonium 
salt, 

(6) p-Carbamidotolucne-wi-sulphonic acid was heated with an 
equal weight of aniline (3 mols.) at 160® for some time. The mixture, 
after first liquefying, gradually solidified to a pink mass, which, 
having been ground with ether to remove undianged aniline, was 
boiled with dilute sodium carbonate solution. The insoluble 
residue, after recrystallisation from alcohol, melted at 236-5—237*0® 
and was identified as 5-diphenylcarbamide. The aqueous solution, 
on evaporation, yielded pink, narrow plates, which evidently con- 
sisted of sodium p-toluidine-m-sulphonate, as on treatment with 
dilute hydrochloric acid p-toluidine-m-sulphonic acid w^as formed 

4 a* 
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(pale yellow needles, decomposing at 311° ; ammonium salt, prisms, 
decomposing at 242’). 

Aniline-o-sulpkonic Acid. — ^-Bromoaniliue-o-sulphonic acid wag 
debrominated by boiling with zinc dust and sodium hydroxide, as 
described by Kreis {Annalen, 1895, 286, 385), but the process was 
continued for nine to ten hours (the six hours recommended by Kreis 
being insufficient) and the zinc was precipitated from the filtered 
liquid by saturating with carbon dioxide, instead of acidifymg 
with hydrochloric acid and then precipitating with sodium 
carbonate. 

The aniline salt forms colourless needles or prisms melting 
indefinitely at 180—210° with decomposition. 

Condensation ivith isoC^a^tc Acid. — A mixture of 15 grams of the 
sulphonic acid (1 mol.), lO-o grams of potassium cyanate (1-5 mola.), 
4-3 c.c. of hydrochloric acid {0-5 mol.), and 100 c.c. of water was 
evaporated to dryness and the rt^sidue recrystallised from boiling 
water (sufficient to make 90 c.c. of solution) as described under the 
condensation of p-toluidine-??? -sulphonic acid with isocyanic acid. 
The pasty mass which separated on standing over-night was filtered 
off, w^ell pressed on a porous plate, and dried in a vacuum. The 
product (12 grams) was dissolved in 15 c.c. of boiling water, and 
35 c.c. of hj'drochloric acid w’ere added. On cooling and scratching 
the sides of the containing vessel, o-carbamidobenzenesulphonic 
acid separated out in small plates (7 grams). It was recrystalUscd 
from a mixture of equal volumes of wuter and hydrochloric acid. 

o-Carbamidobenzenes\il phonic acid forms colourless, rhombic or 
hexagonal plates, decomposing at 215 — 230° (Found : in air-dried 
material, N = 11'99; H 2 O = 840. C 7 Hg 04 N 2 S,H 20 rcquire.s 

N = 11*97 ; HgO — 7*09 per cent.). In its properties it resembles 
p-carbamidotoluene-m-sulphonic acid, but is more soluble in Avater 
and in dilute hydrochloric acid than the latter compound. 

The potassium salt forms colourless, hexagonal plates, much less 
soluble in w^ater than the corresponding acid (Found : in air-dried 
material, H 2 O — 7-00; in material dried at 140°, K ^ 15*31. 
CyH^O^NgSKjHgO requires H 2 O — 6 ’62, C 7 HJO 4 N 2 SK requires 
K == lo*35 per cent.). 

The ammonium salt, small, colourless prisms, melts with evolution 
of gas at 237°. The aniline salt (prepared like aniline p-carbaraido- 
toluene-wi-sulphonato) crystallises from a mi.xture of alcohol and 
chloroform in colourless needles, m. p. 159 — 161° (with decom- 
position). 

Potassium 0 -A cehjlcarha m i dohenzcnesidphon ale. — Potassium 0 * 
carbamidobenzenesulphonatc was acctylatcd as described under 
potassium p-acetylcarbamido.loluene-m-sulphonatc. The acetyl 
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derivative forms colourless needles which remain unchanged below 
310® (Found : in air-dried material, K = 11-94, 11*97 ; H2O = 5-91. 
C;^H905N2SK,H20 requires K — 12*42; HgO = 5-73 per cent.). 
Its behaviour towards nitrous acid is the same as that of the 
corresponding toluene derivative. 

Aniline-2 : ^-disulphonic Acid. — This was prepared by the 
sulphonation of sulphanilic acid (Zander, Annalen, 1879, 198, 1), 
but the yield was very poor. 

Condensation with isoCyanic Acid. — Two grams of the sulphonic 
acid (1 mol.) and 1'3 grams of potassium cyanate (2 mols.) were 
dissolved in a little water, and the mixture was evaporated to 
dryness on the water-bath. The residue was dissolved in a little 
boiling water, and hot alcohol added until a slight turbidity was 
produced, which was then redissolvcd by boiling. On cooUng, the 
solution slowly deposited a flocculent mass of microscopic needles, 
which was recrystallised from alcohol and water in the same manner 
and finally dried over sulphuric acid. 

Potassium phenylcarbamide-2 : 4-disidphona,te was thus obtained 
as a white powder, very soluble in water but insoluble in alcohol 
(Found : in air-dried material, N — 7*5o ; HgO ~ 4*85 ; in material 
dried at 130°, K — 21*14. C7Hg07N2S2K2,H20 requires N = 7*18; 
HgO = 4-62. CyHgO^NjSgKa requires K = 20*97 per cent.). This 
compound is decomposed by nitrous acid with liberation of nitrogen, 
and the addition of alkaline p-naphthol then produces a deep red 
azo-colour. 

Condensation of p-Bromoaniline with isoCyanic Acid. — p-Bromo- 
aniline (1 mol.) was dissolved in dilute hydrochloric acid (2-5 mols.) 
and treated with an aqueous solution of potassium cyanate (2*5 
mols.). The pasty mass which soon separated was filtered off 
and recrystallised from alcohol. The product was identified as p- 
bromophenylcarbamide (Found : N ^ 13-20. Calc., N = 13*02 
per cent,). It formed colourless needles, decomposing and charring 
without melting at 265° upw*ards; Richter (Rer,, 1891, 24, 4172) 
describes p- bromophenylcarbamide as “ decomposing at 260° ■with- 
out melting.*’ Nitrous acid acted upon it with liberation of nitrogen 
and formation of a diazonium salt. 

p-Bromoaniline-o-sulphonic Acid. — This was prepared b3' a modi- 
fication of the method of Kreis {Annalen^ 1895, 286, 381). p- 
Bromoacetanilide (125 grams) w^as siilphonated with fuming sulphuric 
acid (63 grams) as described by Kreis. The hard mass thus obtained 
was ground up with w*atcr and filtered after standing for two hours. 
The solid w'as added to a hot solution of 50 grams of anhydrous 
sodium carbonate in two litres of ■water, which was then boiled with 
animal charcoal and filtered hot. The acid was precipitated from 

4 A* 2 
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the filtrate by the addition of 120 c.c. of hydrochlorie acid; after 
cooling, it was filtered off, well washed with cold water, and dried in 
a vacuum desiccator. A little more was obtained by concentrating 
the filtrate. The yield was 78 per cent, of the theoretical. The 
acid thus obtained was practically white and was free from a 
sparingly soluble impurity (insoluble in sodium carbonate solution) 
which was always present when the crude sulphonation product was 
simply recr 3 ^stallised from boiling water, as recommended by Kxeis. 

p-Bromoaniline-o-suiphonic acid crystallises in small plates 
(anhydrous) or needles (hydrated) ; both forms begin to darken at 
270® and decompose to a black mass at 291®. 

The sodium salt crystallises in small, pink, elongated plates, which 
are anhydrous (Found : Na ~ 8-40. CgH^O^NBrSNa requires 
JJa = 8*39 per cent.). The ainmonium salt, small, colourless plates 
very soluble in water, melts at 226—227® to a liquid which rapidly 
acquires an intense purple colour. 

The aniline salt was prepared by heating the acid Avith aniline 
and alcohol. The clear solution, on cooling, deposited colourless 
crystals, which Avere recrystallised from a mixture of alcohol and 
chloroform. Aniline T^-hromoaniline-o-sidphonate foims small, glis- 
tening, colourless, rhombic plates, very soluble in alcohol and insolu- 
ble in chloroform (Found ; N - 7-87, 7*82. C6H603NBrS,CgHjN 
requires N = 8-12 per cent.). It melts at 214° to a colourless liquid 
Avhich soon becomes deep purple. 

Condensation with hoCyanic Acid. — Seventy grams of the 
sulphonic acid (1 mol.) and 45 grams of potassium cyanate (2 mols.) 
Avere dissolved in 600 c.c. of cold Avater, and 27 c.c. of hydrochloric 
acid (1 mol.) added. The mixture Avaa evaporated on the watei- 
bath until it acquired a pasty consistency and Avas then dissolA^ed in 
600 c.c. of hot Avater. On cooling, a mass of small needles separated, 
which, after recrystallisation from hot water and drying oA^er 
sulphuric acid, Aveighed 36 gram.s, and consisted of potassium 
jo-bromophenylbiuret-O'Sulphonatc. 

The mother -liquors from the crude ])roduct, on evaporation, 
yielded a quantity of pinkish -brown crusts. When these Avere 
dissohmd in a little boiling Avater and the solution kept for some 
hours, a violet, pasty mass slowly separated. By repeating the 
recrystallisation three or four limes, a pale violet, apparently 
amorphous poAvder Avas obtained, which approximated in com- 
position to a double potassium ammonium salt of p-bromoaniline- 
o-sulphonic acid having the formula 

2 (C 6 Hj.NBr*S 03 K),C 6 H.-NBr-S 03 NHj,H 20 

(Found: C- 25-04; N=:6*54; S- 11*33; K = 9*77; 

2*40. Calc., 24*92; N = 6*4b; . S = 11*08; K = 9*0l; 
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jj 0 = 2*08 per cent.). When this substance was heated ^lone 
or" with sodium hydroxide solution, ammonia was liberated; and 
when treated with dilute hydrochloric acid, p-bromoaniline-o- 
sulplionic acid was formed (Found : in material dried at 130®, 
N =' 5-00 . Calc., N = 5*18 per cent.). The latter compound was 
further identified by preparing its aniline salt, small, rhombic plates 
which melted at 214 — 215®, and at 214° when mixed with an 
authentic specimen of aniline p-bromoaniline>o-sulphonate, in both 
cases forming a liquid which rapidly became purple. By careful 
crystallisation of the violet compound from water, a small quantity 
of" pink plates, decomposing at 277 — 280°, wa.s obtained; a similar 
substance, decomposing at 280°, was obtained by evaporating a 
solution containing the potassium and ammonium salts of p-bromo- 
aniline-O'Sulphonic acid. There is no doubt, therefore, that the 
violet compound is an im]mre double .salt. 

Potassium ]i-bromophenijlbiuret-o-sulpkomite forms small, colour- 
less or faintly yellow needles, decomposing to a frothy mass at 210°. 
On attempting to estimate the water of crystallisation, the substance 
decomposed, but the analysis showed the salt to be dihydrated 
(Found : C -- 23-39 ; H - 2-80 ; N - 10-2S ; 8 - 7-90 ; Br - 
19-51; K — 9-53. CgH, 05 N 3 BrSK, 2 H 20 requires 23-30; 
H = 2-67 ; N 10-19 ; S — 7-77 ; Br — 19-42 ; K = 9-47 per 
cent.), it is sparingly soluble in cold water, moderately soluble in 
hot water, and insoluble in alcohol. It dissolve.s readily in solutions 
of caustic alkalis to a reddish -violet solution. When treated with 
nitrous acid, no nitrogen is evolved and the resulting solution gives 
only a pale yellow coloration with alkaline ,8-naphthol ; after standing 
over-night with the nitrons acid, {i-naphthol produces a light red 
coloration (compare the action of nitrous acid on «5-phenylbiuret, 
described below). Potassium p-bromophenylbiuret-o-sulphonate 
gives no biuret reaction, but is decomposed by sodium hypobromite 
with the liberation of two atoms of nitrogen (Found : N — 7-14. 
Calc., N 6*80 per cent.). A hot acpieou.s solution of the salt 
which has a yellow colour, is tiinied pink by the addition of dilute 
hydrochloric acid, and, on cooling, pink needles separate. These 
decompose at 181°, but consist of the unchanged .salt (Found : 
N = 9-99 per cent.); on reerystallisation from water, the yellow 
colour is restored. 

In some earlier experiments in which the p-bromuaniline-o- 
sulphonic acid was purified according to Kreis, instead of by the 
method described above, the product consisted of large, silky, 
yellow needles, decomposing at 181°. These, in spite of repeated 
crystallisation, gave unsatisfactory analyses (Found : K = 8-20, 
8-41 pr cent.); but by crystallisation from potassium hydroxi4e 
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Bolution and again from water, a pure product was obtained. This 
formed bright yellow needles, decomposing at 181°, in which the 
water of crystallisation could be estimated directly and which 
analysis showed to have the same composition as the substance 
decomposing at 210°, described above (Found ; in air-dried material 
N = 10-26 ; K = 9-55 ; HgO — 8-73 ; in material dried at 130°, 
C = 25'53 ; H - 2-18. C8H705N3BrSK,2H20 requires N = 10-19- 
K=^9-47; H20 = 8-74. C^H^OsN^BrSK requires C = 25-53 1 

H = 1-86 per cent,). 

i[i-Bromophe,nylbiuret-o-&ulp}ionic Acid . — Six grams of the 
potassium salt were added to a boiling mixture of UO c.c. of 
hydrochloric acid and 60 c.c. of water. The salt dissolved and 
almost immediately the acid separated as a violet crystalline 
powder. After cooling, this was filtered off and dissolved in a little 
warm water ; on adding hydrochloric acid, the sulphonic aeid waa 
reprecipitated and was then dried in a vacuum (Found : N = 1243. 
CgHgOgNjBrS requires N = 12-27 per cent.). p^Bromopkenyh 
biuret- 0 ‘ sulphonic acid forms minute, pale violet plates or prisms 
decomposing to a bulky froth at 192°. It is very soluble in water 
moderately soluble in methyl or ethyl alcohol, and insoluble in 
other organic solvents and in hydrochloric acid. Its behaviour 
towards nitrous acid is the same as that of the potassium salt. 

The ammonium salt, which is sparingly soluble in cold, and readily 
soluble in hot water, was obtained in two forms : colourless, hair- 
like needles, decomposing at 194°, and clusters of silky, bright 
yellow needles, decomposing at 184°. Both were formed simul- 
taneously by the slow crystallisation of a solution of the salt ; they 
are probably analogous to the two forms of the potassium salt 
described above. 

The aniline salt, prepared by heating the acid with aniline and 
alcohol, separates from the clear solution thus obtained, in colour- 
less, rhombic plates, which may be recrystallised from alcohol. 
It melts with decomposition at 212° (Found : Br == 18*73 ; S = 7-71, 
CgHgO^NjBrS.CgH^N requires Br = 18*57 ; S = 7-42 per cent.). 

Potassium AcetyUp-hromophenylbiuret-o-sulphonate . — Three grams 
of potassium p-bromophenyibiuret-o-sulphonate were boiled with 
30 c.c. of acetic anhydride for thirty minutes. The solid was 
filtered off, washed with ether, and recrystallised from hot water. 
The acetyl derivative was thus obtained as anhydrous, fine, colour- 
less needles, sparingly soluble in cold water, and decomposing with 
evolution of gas at 209—270° (Found: N = 9-84 ;1/K = 9-27. 
CKyH^OgNgBrSK requires N = 10-05; K = 9-33 per cent.). When 
crystallised from 70 per cent, alcohol, it|formed small, rhombic or 
hexagonal plates, decomposing at 267°, which were shown by the 
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‘ndoform reaction to contain alcoliol of crystallisation (Found : loss 
on heating at ^ 4-98. CioTIgOfiNaBrSK.JCoHgO requires 
0 HgO = 5*22 per cent.). ■ 

‘l^y boiling potassium p-bromoplicnylbiuret-o-sulphonate with 
ten times its weight of acetic anhydride for one and a half hours, it 
was converted into a mass of flattened needles, Avhich, after reerya- 
tallisation from hot water (with the addition of potassium carbonate 
to neutralise the acidity of the solution), formed colourless needles, 
remainmg unchanged below 31 0^ This product gave no coloration 
with nitrous acid and alkaline [^-naphthol, and was shown by analysis 
to be a somewhat impure specimen of poiasmm acelyl-p-bromophemjl- 
carbamide-oshlphonate (Found : in air-dried material, HgO = 4-77 ; 
in material dried at 125^ K -- 9*94. iJyH805N2BrSK,H20 requires 
H 0 4-58. cyigOjjNaBrSK requires K = 10-40 per cent.). 

On dissolving this compound in boiling 70 per cent, hydrochloric 
acid and cooling, a substance separated, which, after recrystallisation 
from bO per cent, hydrochloric acid, formed small, colourless, rhombic 
plates, decomposing to a dark, frothy jnass at 2r>6 — 258'', and reacting 
with nitrous acid with liberation of nitrogen and formation of a 
diazonium salt. It was identified as p-bromophenylcarbamide-o- 
sulphonic acid by analysis (Found : in air-dried material, HgO 
8-01 ; in material dried at 130°, N— 9-67, 947. C^H^O^NgBrSjT^HgO 
requires H^O - 8-38. C 7 ll 704 N. 2 BrS requires N -- 9-49 per cent.), 
and by comparison with an authentic specimen. The latter, 
obtained by the sulphonation of p-bromophenylcarhamide, consists 
of colourless, rhombic plates, containing I JHjO and decomposing 
at 250—260°; its aniline salt forms fine needles, m. p. 183—184°. 
The product obtained from potassium p-hromophenylbiuret-o- 
sulphonate gave an aniline salt, fine needles, m. p. 183—185°, and 
melting at 182—184° when mixed with an authentic specimen. 
This acid and its derivatives will he fully described in a later com- 
munication. 

Potassium Benzoyl-p-bromophenylbiuret-o-sulphonate . — Potassium 
p-bromophenylbiuret-o-sulphonate (1 mol) was dissolved in dilute 
potassium hydroxide solution (4 mols.) and shaken with benzoyl 
chloride (2 mols.). The mixture became warm and a mass of 
needles soon separated. This was filtered off, washed with alcohol 
and ether, and dried in a vacuum to remove benzoyl chloride, and 
recrystallised from water. The benzoyl derivative forms fine, 
colourless needles, decomposing at 192 — 193° (Found ; K = 7*83; 
HgO = 8-80. Ci5HuOgN3BrSK,2 JHgO requires K = 7-43 ; HjO = 
8‘59 per cent.). 

When a solution of potassium p-bromophenylbiuret-o-sulphonate 
(1 mol) in aqueous potassium hydroxide (5 mols.) was shaken with 
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methyl sulphate (5 mols.), the latter soon disapFared and the clear 

rolutLslowlydepositedniinuteplates, which, afterrec^^^^^ 

from water, decomposed with evolution of gas at ^3 . was 

probably a methylated derivative of the original salt, but the amount 

obtained was iiisufflcient for analysis. 

Action of Amline on p-Bromophenylbinret-o-sulphomc 

mixture of 3 grams of the acid with 2-5 grams of aniline was heated 
at 160“ until a clear liquid was obtained. After cooling, the sobd 
mass was extracted with cold ether to remove excess of aniline and 
then boiled with dilute sodium hydroxide solution The insolulile 
residue was filtered ofi and recrystallised from alcohol. It then 
formed colourless needles or thin, rectangular plates m. 

208“ and was identified as Vdipheiiylbiuret by analysis (Found : 
tr ’in (“ale N = 16-47 per cent.) and by comparison with 
!„lnthrntic specimen. The latter ^ 

needles or rectangular plates, m. p. 208-0--08o , mixtuie of 
the two specimens melted at 207-0— 207-5 . • m j ■ i 

The alkaline aqueous solution, on evaporation, yielded pink 
nlates which proved to be sodium p-bromoaniline-o-sulphonate 
fFoiin’d: Nais-21. Calc., Na = 8-39 per cent.)_ This was 
Lher continued by eonvertiiig it into the ree 
aniline salt, rhombic plates melting at 21.-o-,-14 0 (to a purple 
Uquid) and at 212-213“ w-heii mixed with an authentic siiecimen of 

aniline n-broiiioaniline-o-sulplionate. , , . • i 

The condensation of p-broinoanilme-o-sulphonic acid with 

^ocyanic acid, using only one molecule of the latter, gave the same 
biuret derivative, decomp. 210- 211“, as when two molecules were 

""^tcMoroaninne-o-sulphonk .Icid.-Tlus was prepared by Paal's 
(JW 1901 34 275:1). The aniline salt (prepared like the 

nlates meltinc' at 210“ to a brown liquid winch soon resolidifies and 
deeSposcs on further beating. The condensation of this sulphoiue 

in 6nn. pink ^ ‘ 

.. i8.W90-(F...na, S - ll«; * - M -Ml 

Sr cent.) With nitrous acid, no nitrogen is liberated, andj 
adding alkaline |j-naphthol only a light yeUow “ yte 

p.CMorophenylbiurd-o-sulphomc Acid.-This “‘y P P . .j 

the brorao-compouiid, forms minute, pink prism , P 

181—182“. 
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’^.lodoaniline-Q-sul'phonie This was obtained by Boyle’s 

method (T., 1909, 95, 1699). Its mnmonium salt forma small, 
colourless plates which begin to darken at 220° and molt to a purple 
liquid at 224—226®. The aniline, salt crystallises from alcohol in 
colourless, rhombic plates, m. p. 191*5°, to an intense purple liquid. 

Condensation with i^dOyank Acid . — Ten grams of the sulphonic 
acid {1 mol.) were dissolved in a solution of 5-5 grams of potassium 
cyanate (2 raols.) in 125 c.c. of water; on adding 3*3 c.c. of hydro- 
chloric acid (1 mol.) to the clear solution, a violet precipitate was 
produced. The mixture w'as then gently wanned on the water- 
bath until the precipitate was just redissolved, and immediately 
cooled. On scratching the sides of the containing vessel, potassium 
js-iodophenylbiuret-o-sulphonate gradually separated in flocculent 
masses of fine, violet needles ; it was reciystalUsed from hot water. 
Care must be taken in this preparation not to heat the reaction 
mixture more than is necessary to dis,solve the precipitate, otherwise 
no crystals will separate on cooling, and no crystalline product can 
be obtained by evaporating the solution to dryness. The yield Is 
about 2*5 grams. 

Potassium ])-iodophenylhiurct-o-sulyhonafe forms minute, pale 
violet needles, sparingly soluble in cold, and modmutely soluble in 
hot water ; it sinters at 228° and decomposes with evolution of gas 
at 230 — 232°. It apparently crystallises with IH^O, although the 
values obtained were rather high (Found : N — 9*84 ; H^O — 4*83 ; 
4*68. CgH.^05N3lSK,H.20 requires N — 9*52; H.,0 = 4*08 per 
cent.). 

p-Iodophemjlbiurct-o-sulpkonic Acid ~T\m was prepared like the 
corresponding bromo-compound, using 1-5 grams of the potassium 
salt and 20 c.c. of 70 per cent, liydrochloric acid. It forms minute, 
grey prisms, decomposing at 198° to a bulky mass which then 
gradually melts (Found : N ^ 10*85. requires 

K = 10*91 per cent.). This acid and its potassium salt give only 
light yellow colorations with nitrous acid and alkaline (i-naphthol. 
The aniline salt crystallises from alcohol i]i small, diamoiid- 
sha|jed plates, m. p. 212—213°, with decomposition. 

Attmpt to Condense Phenykyar, amide, with isoCyanic Acid.— 
Phenylcyanamide was obtained by Hofmann's method {Ber., 1885, 
18, 3220) as colourless, flaky crystals, m. p. 35*5— 36*5°. 

(tt) Phenylcyanamide did not dissolve on heating with an aqueous 
solution of potas.siuiii cyanate; on adding hot alcoiiol, a clear 
solution was obtained, from which a slight precipitate soon separated. 
The latter, after recrystallisation from alcohol, formed colourless 
needles, m. p. 181—183°, and was almost certainly triphenyl- 
wmelamine (the polymeride of phenylcyanamide), which forms 
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needles, m. p. 183^ The filtered solution, on cooling, deposited 

nhenylcYanamide as an oil. . , . * , 

^ (6) A 90 per cent, alcoholic solution of equivalent amounts of 
nhenvlcYanamide and potassium cyanate was evaporated to dpoiesg 
Ld the residue extracted rvith alcohol. After removing the i„. 
soluble matter (potassium carbonate), the solution was concentrated 
and allowed to crystallise. Potassium phcnylcyanamide separated 
and was identified by conversion into phenylcyanamide (m. p. 
35.0_36-5“) The latter was recovered almost quantitatively. 

Ic) Equivalent quantities of phenylcyanamide, potassium 
cyanate. and hydrochloric acid were dissolved together in alcohol. 
After standing over-night, the mixture was warmed ou the water- 
bath for thirty minutes, and the potassium ch oride liltered off. Ou 
adding water to the filtrate, phenylcyanamide separated as an oil 

which soon solidified and then melted at 36.0-36-O . 

Pke.nykyanourethane.^S-i Grams of ethyl chloroformate (1-4 
,,ols.) 4;e added to a solution of 8-7 grams (1 - J 
phenylcyanamide (Hantzsch and Osswald. Ber 1899, 32. 6o0) m 
?00 c c of absolute alcohol at 23“ ; heat was evolved and potassium 
chloride precipitated. After warming on the water-bath for 
thirty minutes, the solution was filtered, the alcohol distilled off, 
and L residue dried in a vacuum. The resulting viscous oil was 
Lolved in 100 c.c. of ether, when some unchanged potassium 
Inylcyanamide separated. The filtered ethereal “^on was 
£ed with anhydrous sodium sulphate, and the ether dist.lM off. 
The viscid residue, on drying in a vacuum, solidified to a hard waxy 
mass (8-6 grams) of crude phenylcyanourethane, m. P- -10-31 ■ 
It was purified by dissolving in a little acetone, pounng into a la j 
volume of water, and shaking until the precipitated oil solidified, 
after filtering off, it was dried in a vacuum. 

Phenylcyanourahune is a colourless, waxy solid, m, p. 35 0^ o . 
b n 160— 162°/16 mm. (with some decomposition) (hound. 
N==’i 4-81. CioHijOjNa requires N = 14-74 per cent.). It 18 
Lremely soluble in alcohol, acetone, or ether, readi y soluble m 
benzene insoluble in cold, but soluble in hot, light petroleum, ^d 
insoluble in water. Attempts were made to crystallise it by cooling 
solutions in benzene, light petroleum, alcohol-water, « 
water in a freezing mixture, but the substance always separated as 
ftn nil which slowly solidified. , 

Action of Amrmnia on Phenylcyanourethane. 

urethane were heated in a sealed tube for five hour® ^ 

70 c c of saturated alcoholic ammonia. After distilhng o 
Iksohoi, and drymg the residue in a vacuum, the ^ 

brown mm was dissolved in 50 c.c, of acetone, and the solutio 



the iNTEBCHAjraK OF ALCOHOL EADICLBS IN ESTERS. PART H. 2051 

poured into 500 c.c. of water. The curdy solid (m. p. 70—85®) 
which separated was dissolved in acetone, water added until a slight 
turbidity was produced, and the acetone allowed to evaporato 
spontaneously. The small needles (m. p. 175—185®) which crys- 
tallised out were again treated in the same way, and then melted 
202“208®. This substance (which weighed 0'07 gram) was 
probably very impure as-phenylcyaiiocarbamide (Found : N =: 22*73, 
G H^ONg requires N = 26 09 per cent.). 

Phenylcyanourcthane was unaffected by heating with aqueous 
ammonia or saturating with ammonia in ethereal solution ; it was 
completely decomposed by heating in a sealed tube with ammonium 

carbonate. 

Action of Nitrous Acid on as-PAe?iyl6mreG — as- Pheny] biuret 
(McKee, Amer. Chem. J., 1901, 26 , 254), dissolved in a large volume 
of water, gave no nitrogen on adding nitrous acid, and the resulting 
solution gave a pale yellow coloration with alkaline 3-naphthol. 
After standing over-night with the nitrous acid, however, a pale red 
colour was produced by the |3uiaphthol. s-Biphenylcarbaraide and 
5 -acctylphenylcarbamide behaved in the same way, but phenyl - 
carbamide gave nitrogen and a scarlet azo-colour. 

Thk Okoanig Cheiiical Laboratokie.^, 
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CCXLVL“-y/ie Interchange of Alcohol Radicles in 
Esters, Part IL 

By Akira Shimomura and Julius Berend Cohen, 

The present investigation, which is a continuation of that previously 
published (this vol., p. 883), was undertaken with the object of 
discovering the cause which determines the interchange of alcohol 
radicles in esters. 

The reaction, which is probably reversible, is entirely inhibited 
in many cases, or, in other words, the alkyl group is too firmly 
attached to the oxygen atom to be removed by the action of even 
a large quantity of a second alcohol or its sodium compound. 

From the summary of results given at the end of the paper, it 
is clear that the alkyl group in the esters is rendered more mobile 
by the proximity of acidic groups. A striking illustration is that 
of the neutral and acid esters of dibasic acids. Ethyl oxalate 
readilyTeacts with menthol, whereas the presence of one or more 
intervening hydrocarbon groups (CH^ or CH), as in ethyl malonate, 
ethyl suooinate, and methyl phthalate, prevents the interchange. 
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Interchange is, however, effected if one free carboxyl group jg 
present, for all three acid esters of the above acids react. The 
a- ke tonic esters are all reactive; but the p-ketonic eaters react 
only in those cases where a methylene group or a negatively sut. 
stituted methylene group intervenes between the ketone and the 
ester group. When one or both hydrogen atoms of the methylene 
group are replaced by alkyl groups, as in the mono- and di-alkyl 
derivatives of acetoacetie ester, the action is again repressed. 

Attention may be directed to the close resemblance between 
the inert character of the ester of the simple aliphatic acids and 
that of aromatic esters, as illustrated by hydroxybenzoic ester. 

It should be pointed out that no deduction of a quantitative 
nature can be drawn from these experiments ; for the very different 
volatility of the esters rendered it nece.ssary to submit them to 
varying conditions of temperature and pressure during the reaction. 

The mechanism of tJie interchange i.s .still obscure and therefore 
we propose to continue the investigation and to examine, among 
other things, the effect of certain alcohols and their substitution 
products on the same ester. 

Experimental. 

Menthol and Ethyl Pyruvate - 9T Grams of ethyl pyruvate 
and 12’2 grams of hmenthol vitli 0'022 gram of sodium were 
heated at 130 -'140^ for eight hours. In the course of heating, 
about 1 c.e, of liquid, chiefly ethyl alcohol, distilled. The product 
was fractionated under reduced pressure ; the portion which 
distilled at 132 — 140'’/ 14 mm. (M) grams) consisted chiefly of 
Tmenthyl pyruvate (Cohen and Wliitelcy, T., 1001, 79, 130t); 
b. p, 130 — 140'^/22 mm. ; McKenzie, T., 1005, 87, 1380, b. p. 131— 
132'^/I0 mni.) and showed [i]);'' — 00‘S^ (e = 2‘73 , 1 = 2) in aleohol. 

By the above treatment, besides the interchange of groups, 
some sort of complex condensation seemod to take place, giving 
rise to a considerable amount of tarry matter (S'O grams) which 
had a very high boiling point. 

\-Mentkol and Ethyl Oxahcftate. — (I) Nine grams of ethyl oxal- 
acetate and 15 grams of /-menthol with 0‘022 gram of sodium were 
heated at about 00''* under 10 -30 mm. ])ressure for seven hours. 
After the reaction wa.q finished, the exoc.ss of menthol and unchanged 
ethyl ester were expelled by distillation under 20 mm. pressure, 
the temperature of the metal-bath being raised to 175^ The 
remaining liquid ivas subjected to steam distillation in order to 
remove any trace of menthol, extracted with ether, and dried over 
calcium chloride. The ethereal solution show'ed —6 09^ in 
alcohol and gave 8'5 grams of a s^yrupy liquid on evaporation. 
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(II) A similar experiment was carried out, but without sodium. 
5*2 Grams of a syrupy liquid were obtained from 9’6 grams of the 
ethyl ester, and showed [a]g^ -45*3® (c = 2-68, f = 2) in alcohol. 

As the esters of oxalacetic acid easily decompose into carbon 
monoxide and malonic ester at a high temperature (Wisliconus, 
Ber., 1894, 27 , 793), the menthyl ester could not be isolated from 
the mixture containing the ethyl ester by the usual method of 
fractional distillation in a vacuum. 

I- Menthol and Ethyl Acetylpyruva(e.~~Tm grams of ethyl acetyl- 
pjTUvate and 10 grams of i-menthol Avere heated at 155—165” 
for three and a half hours, during which time 1*8 grams of ethyl 
alcohol distilled. The product was fractionated under reduced 
pressure, and the portion (6-3 grams) Avhich distilled at 175— 
100716 gave, on refractionation, 3*0 grams of a colourless 
liquid boiling at 185— 192”/i2 mm. and showing [a]}f —72-3” 
(c = 4‘33, 1^2) in alcohol. It was found to be the menthyl 
ester of acetylpynivic acid by analysis (Found; 0^ 67-02; 
H = 9*29. C15H24O4 requires C C7T3 ; H ^ 9-02 per cent.), 

A similar result was obtained by heating an equimolccular 
mixture of the ethyl ester and menthol with a little sodium at 90” 
under 10 — 30 mm. pressure for six hours. 

IMentkol and Ethyl Twelve grams of ethyl mes- 

oxalaie and 18 grams of Z-menthol Avith 0’028 gram of sodium Avere 
heated at 90” under 15—30 mm. pressure for six hours. The 
product was fractionated imder diminished pressure ; the fraction 
which boiled at 171 — 200”/13 mm. (4*3 grams) deposited a con- 
siderable quantity of crystals on standing for three Aveeks. The 
crystalline mass was pressed on a porous plate, Avashed Avith Avater, 
and rccrystallised from alcohol. Tlic colourless microprismg thus 
obtained melted towards 63” and showed [ajl; -58*6°. It Avas 
apparently a mixture of the /-menthyl ester of inesoxalic acid 
and a small quantity of ethyl diliydroxyinalouiAte, judging from 
the result of its analysis [Found ; U -= (X)’2 ; H 8-9. 

C0(C0‘0'Ci,H4,)2 

requires C 70T ; H ^ U G, whilst CiOlO^lCO’O'Cyi-)^ requires 
C = 43-8; H-6-2 per cent.]. From the residue"* of fractional 
distillation under reduced pressure, a very small quantity of crystals, 
iueltmg at 67-08”, was obtained Avhich seemed to be mentliyl 
oxalate formed by partial decomposition. 

\-McnM and Ethyl Monoacetylmahnate.—Fivo grams of ethyl 
nionoacetylmalonate and 7*8 grams of /-menthol with 0 015 gram 
0 sodium were heated at 90” under 10—30 mm. pressure for six 
hours. The product was distiUed up to 103714 mm. and the residue 
was subjected to steam distillation to remove all menthol, extracted 
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with ether, and dried over sodium sulphate. The ethereal ! . 

gave a syrup after the ether had been removed, which solidified 
slowly to a crystalline mass when rubbed with a glass rod, with 
addition of a little alcohol, and cooled in ice. After recrystallisation 
from alcohol, mmthyl monoacetijlmalomte was obtained in colour, 
less, long needles (O’S gram) with m. p. 58“ and showing [*]ir -77-5' 

1 = 2) in alcohol (Found: C = 71'46; H — 10’32. 
C„H,,o/require8 C = 71-04 ; H = 10-02 per cent.). 

l-Menthol and Ethyl Diacetylmalonate— Twelve grams of ethyl 
diaoetylmalonate and 15-4 grams of i-menthol with 0-034 gram 
of sodium were heated at about 90° under 1.5-30 rarn. pre.ssure 
for live hours. The product was distilled up to 115°/18 mm., and 
the residue was distilled with steam to remove menthol, extracted 
with ether, and dried over sodium sulphate. Ihc oil obtained 
after the ’ether -was driven off was again fractionated under 
diminished pressure. It was found to undergo decomposition at 
a higher temperature, apparently giving off acetic acid and some 
other gas. The portion which distilled at 173-195°/16 mm., 
smelling strongly of acetic acid and acid to litmus paper, showed 
[a]ir about -26° (c = 2-58, 1 = 2) in alcohol. By heating it at 
a higher temperature, menthol also seemed to be split off. 

l-Menthol and Ethyl Acetoxymalonate. — An equimolecular mixture 
of ethyl acetoxymalonate and i-menthol with a little sodium was 
heated at about 0®° under 15—30 mm. pressure for six hours. The 
product was distilled up to 120°/12 mm. and the residue was sub- 
jected to steam distillation to remove menthol, during whml 
distillation a slight decomposition took place, acetic acid being 
given off The isolation of the menthyl ester was unsuccessful, 
but the residual oil. after extraction with ether and drying over 
sodium sulphate, showed [x]lf -10-4= (c = 10-2. i = 2) in alcohol 
l-Menthol and Ethyl Phenoxymalonak .—S-& Grams of etbjl 
phenoxymalonato and 10-7 grams of i-menthol with 0 029 gram 
of sodium w-erc heated at about !K)= under 15-30 mm. pressure 
for seven hours. The reaction product was distilled up to lOi ,lti 
mm. and the residue was subjected to steam distillation to remove 
every trace of menthol. The oil, thus freed from mentho , sohdiW 
very slow-ly and, on repeated recry.stallisation from alcohol, th 
menthyl ester was obtained in colourless micro-needles {To grains 
with m. p. 96°, and [xjl; -55 , 5° (c - 0'613, i = 2) m eekM 
(Found: 0 = 73-56; H = 9-32. ^ = 73 W, 

H = 9-39 per cent.). 

l-Menthol and Ethyl Mclhyknemalonale, CHj.CfOUjLtfe. 
grams of ethyl mothylcnemalonato and 4-3 grams of l-nientlio 
with a little sodium were heated at 130 150 for seve 
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The product was distilled with steam to remove all menthol, 
extracted with ether, and dried over sodium sulphate. The viscous 
liquid obtained from the ethereal solution showed [otjlf —20 ‘4® 

= 1‘37, 1 = 2) in alcohol. 

A similar experiment was carried out under reduced pressure 
at and the product, after all the menthol had been removed 
by steam distillation, gave a laevorotatory syrupy liquid. 

The isolation of the pure menthyl ester was not successful in 
either case, 

I Menthol and Ethyl Ethoxymethylenetmhnak, 0Et‘CH.*C{C02Et)2. 
—Ten grams of ethyl ethoxymethylenemalonate and 14 '5 grams 
of 1-menthol with 0*026 gram of sodium were heated at about 90® 
under 10 — 30 mm, pressure for six and a half hours. The product 
was fractionated under diminished pressure, and the portion which 
distilled at 185 — 224° (mainly 215 — 220°/12 mm.) gave, on redis- 
tillation, a colourless, viscous oil (3*9 grara.s) with b. p. 215 — 
22r/10 mm. and [a^d* --39-6° (c — 2*16, i ^ 2) in alcohol This 
oil was found to be the \-menlhyl ester, containing a little unchanged 
ethyl ester {Found : C = 68*30; H — 9*98. requires 

G ^ 71*51 ; H — 10*16 per cent,). 

VMmthol and Ethyl Hydroxymethjhntmahnak. — 6*1 Grams of 
ethyl hydroxymethyleneraalonate and 10*1 grams of f -menthol 
with 0*021 gram of sodium were heated at 80—90° under 20—30 
ram. pressure for six hours. The product distilled mostly below 
145°/17 mm. The small remaining quantity of oil was distilled 
with steam to remove any menthol and the residue was extracted 
with ether. The dried ethereal solution showed a very small 
rotation of «d “0*28° in alcohol. It is rather doubtful if the inter* 
change of groups had actually tahen place in this case, and if so, 
it must have been to a very small extent. 

l-Menthol and Ethyl Hydrogen 31alomte. — 10*6 Grams of ethyl 
hydrogen malonate and 12’5 grams of bmenthol w*ith 0*026 gram 
of sodium were heated at about 90° under 15—30 mm. pressure 
for five hours. The product was distilled with steam to remove 
menthol and the residue was extracted with ether. The ethereal 
extract gave a small quantity of viscous oil, which wtis dissolved 
in a dilute solution of sodium carbonate ; after the .solution had 
been extracted with ether to remo\*e any insoluble matter, the oil 
was rcprccipitated by the careful addition of acetic acid. The 
oil thus obtained showed [aJU* ~4C*8° (c — 1*54, I — 2) iii alcohol 
and consisted undoubtedly of the menthyl ester formed by inter- 
change of the ethyl group. * 

\-3fenlhl and Methyl Hydrogen Suocbmfe.—Iini grams of methyl 
hydrogen succinate and 11*9 grams of ^mcnthoi w’ith 0*03 gram 
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of sodium Tvere heated at 90-100^ under 17-20 mm. pressure 
for five hours. The product was distilled up to 150 /20 mm. and 
the remaining syrupy oil was dissolved in a warm dilute solution 
of sodium carbonate. The solution was extracted with ether to 
remove any impurity, the oil, reprccipitated by careful addition 
of acetic acid, was distilled with steam to remove any trace of 
menthol and the excess of acetic acid. The residue was extracted 
with ether and dried over sodium sulphate. The ethereal extract 
gave a little oil, which, after three weeks’ standing at the orfinary 
temperature, solidified to a crystalline mass. On recrystallisation 
from alcohol, the suhstance was obtained in colourless prisms, 
m. p. 57-o!)“, showing [.Jif -61-0“ (c = O'hO, I - 2) m alcohol 
It was found to be the moithyl hydrogen ester of succmic acd 
by analysis (Found: C^65'23; H = 9-66. requires 

C = 65-58; 9-44 per cent.). 

l-Menthol and Ethyl o-Kitrobenzoate.—Tlen grams of ethyl o-nitro- 
benzoate and 8 grams of l-rnenthol with 0-04 gram of sodium were 
heated at about 90“ under 10-30 mm. pressure for five and a 
half hours A vigorous reaction was observed at the begummg 
of heating. The product was distilled up to 202°/13 mm., and the 
residual dark sjTupy mass (3-2 grams) was dissolved in alcohol 
and boiled with animal charcoal for one hour and filtered hot. 
The menthyl ester separated in an oily state at first, but on seeding, 
it solidified at once. When recrystallised from alcohol, it was 
obtained in large, colourless prisms (2-6 grams), m. p. 64— 6a , 
showing [a]- -152-2“ (c = ToS, ! 2) in alcohol. It ws found 

to be identical with the menthyl ester formerly obtained by Cohen 
and Armes (T., 1905, 87, 1190) by a direct synthesis. 

l-Menlhol and Ethyl m-Xitrobenzoak.-Tm grams of ethyl 
m-nitrobenzoate and 8 grams of f-nienthol with 0-04 gram of sodium 
were treated in the same way as the ortho-compound. The product 
was fractionated under diminished pressure; the portion which 
distilled at 223— 224’/13 mm. gave, on redistillation, a pale 
greenish-yeUow, viscous oil (6-4 giams) with a weak fluorescence, 
boiling at 228“/10 mm. and showing [a]',,' -lTo° [c - l'o». “1 

in alcohol. It was found to be identical with the menthyl est, 
of m-nitrobenzoic acid obtained directly by Cohen an rincs 

and Ethyl i>-Xilmbmzoalc.-Ion grams of ethyl p-mtrfr 
benzoate and 8 grams of (-menthol with 0-04 gram of so lum -sve 
treated in the same way as its isomcrides. 
tilled up to 210“/12 mm. The residue, which solidified on cooling, 
was dissolved in alcohol, boiled with animal charcoal for one 
a half hours, and filtered hot. On cooling, almost colour 
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crystals of menthyl p-nitrobenzoate (7*5 grams) were obtained, 
m. p. 63^ [afv ~75‘0^ (c = 1*58, Z = 2) in alcohol The substance 
was identical with that prepared by Cohen and Armes {loc, c{f.). 

l-Menthol and Ethyl m-Aminobenzoate . — Eight grams of ethy 
w-aminobenzoate and 7-6 grams of Z-menthol with 0‘032 gram of 
sodium were heated at 90'" under 10—30 mm. pressure for five 
hours, and the product was fractionated. The portion which 
distilled above 200°/16 mm. (1*6 grams), when dissolved in alcoholic 
hydrochloric acid, solidihed after some time to a colourles.s, crystal- 
line mass, which, after being pressed on a porous plate, was rccrys- 
tallised from alcohol, containing a little hydrogen chloride, and 
was obtained in colourless prisms, melting indefinitely towards 
190°, and showed [a]h«° -72*9° (c = 0*288, I ^ 2) in alcoliol. It 
was undoubtedly the hydrochloride of menthyl m-aniinobenzoate 
(Found: 01=12*06. CjpH2502N,HCl requires Cl -“11*37 per 
cent.) containing probably a very small quantity of the hydro- 
chloride of the unchanged ethyl ester. 

l-Menthol and Methyl Hydrogen Phthnlate.-~'\^QT\ grajns of ]« ethyl 
hydrogen phthalate and 8*7 grams of /-menthol with 0*022 gram 
of sodium were heated at about 90° under 15 30 imii. pressure 
for six and a half hours. The dark syrupy product was directly 
distilled with steam to remove menthol. When the contents of 
the flask were evaporated on a water-bath, a solid, consisting of 
fine prisms, separated with some oil which also solidified when 
cooled. The whole, which was evidently a mixture of two 
products, was filtered and the two substances were separated 
mechanically from one another. The crystals with the higher 
m. p. (6*5 grams) were found to be chiefly phthalic acid, which 
was obtained in a pure state [4*8 grams ; in. p. 210—211° {decomp. )j 
by recrystallisation from a large bulk of hot water. In order to 
ascertain the origin of this plitlialic acid, methyl hydrogen phthalate 
alone was heated with water at 100° for several hours, and was found 
to decompose very readily into phthalic acid and methyl alcohol. 

Although the monomethyl ester was so easily hydrolysed with 
water, the corresponding menthyl ester survived steam distillation, 
and the product with the lower m. p. (2*0 grams) was found to be 
the crude menthyl ester. It was dis.solved in a liot dilute solution 
of sodium carbonate, filtered, extracted with ether to remove any 
impurity, and the acid menthyl ester was reprocipitated by careful 
addition of acetic acid. It was obtained in colourless micro- 
needles, m. p. 110^ (2*7 grams), showing [ajif -102*3° (c = 0*988, 
‘'2) in benzene: Arth {Ann. Chim. Phy$,, 1886, [vi], 7 , 485) 
found [< -105*55°, and Cohen, Woodroffe, and Anderson (T., 

> 409 , 230) found [aj^ —100*32° in the same solvent. 
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{-Menthol and Methyl Terephthalate : {-Menthol and Methyl 
Hydrogen Terephthalate.— Ovfing to their high m. p. and their 
insolubility in fused menthol, those methyl esters proved unsuitable 
for our experiments, 


The Interchange of Alcohol Radicles in Esters. Replacement 
of an Alkyl Group by the MVIenthyl Group. 


Alkyl esters of monoba^sic Ethyl acetate ^ 

aliphatic acid derivatives, „ brotmaceiate -- 

„ a-cyanopropionate ^ 

Methyl phenylacetate -f 

Ethyl phenyf^etate 

Methyl phenylchloronceiaie ^ 

„ phenylbromoacetale ~ 


a-bmno'fi'phenylpropionate 


Alkyl eater of unsaturated 
aliphatic axiid. 

Alkyl esters of a-ketonic 
acids. 


Neutral alkyl esters of di« 
basic aliphatic acids. 


unsaturated 


Acid alkyl esters of dibasic 
aliphatic aedds. 

Alkyl esters of benzoic acid 
derivatives. 


Kthyl trichloroacetate — 

„ atrolactinate _ 

„ a-eyano-^ -phenyl propionate ... — 

Ethyl einnaraate ^ — 

Ethyl acetoacetate -f 

„ methylacetoacetate -f 

„ melhylethylacetoacelate — 

Ethyl pyruvate 4- 

„ oxalacetato -f- 

„ acetylpyr\ivate -j- 

„ mesoxaiate + 

Ethyl oxaUite -f 

„ malonate — 

,, ancciVuhe — 

Ethyl monoacetyl malonate + 

„ diacetyUnalonate -|- 

„ monobromoacetate — 

„ acetoxymalonate -f 

„ phenoxymaionate -f 

„ mononitromalonate — 

„ methylenemalonate + 

„ allylinalonate — 

„ ethoxy methylenemalonate + 

,, hydroxymethylcnemalonalo ... ? 

Ethyl hydrogen malonato + 

Methyl hydrogen succinate + 

Ethyl benzoate + 

Methyl o-lolnate " 

„ in^loluate + 

,, p-toluaie ““ 

Ethyl o*nitrobenzoate + 

„ fti-nitrobenzoato + 

„ p-nitro benzoate + 

„ 0 ■ aminobenzoate “ 

„ tn-aminobervzoate 

„ p- aminobenzoate " 

Methyl salicylate 
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Alkyl ester of hydrogenated Ethyl ci/c^ohexanecarboxylato — 

benzoic acid. 

Acid and neutral alkyl cstera Methyl hydrogen phthalate + 

of benzenedicarboxylic «, phthalate 

„ hydrogen terephthalato ? 

„ terephthalato ? 

The names in italics are those of substances referred to in the 

previous paper. 

Summary of the Hesulis. 

(I) The acid nature of an alkyl ester seems to promote the inter- 
change of groups. The introduction of the following groups 
generally helps the reaction : phenyl, acetyl, acetoxy, phenoxy, 
carboxyl, nitro. 

(II) Introduction of halogens docs not materially influence the 
interchange. 

(III) In some cases, a double bond assists the reaction. 

(IV) Most of the esters of a -ke tonic acids undergo intertdiange, 
due, undoubtedly, to the presence of the carbonyl group in the 
a-position to the carboxyl group. 

(V) Introduction of the hydroxyl group is not favourable to the 
interchange. 

(VI) In the case of esters of benzoic acid derivatives, o- and 
^-compounds behave similarly, but differ from the w-com pound. 

Thk Orcanic ChkmicaIv Laboratories, 

The Universitv, Leeds. [/?crcacc/, August llth , 1922.] 


CCXLVII . — Studies in the Anthracene Series. Part III. 

By Edw.\rd de Barry Barnett, James Wilfred Cook, and 
Herbert Henry Grainger. 

In a former communication (T., 1921, 119, 901), it was shown that 
a pyridinium salt is formed when anthracene, suspended in pyrid- 
ine, is treated with bromine, the reaction in this case consisting 
in the addition of bromine to the carbon atoms and simul- 
taneous formation of the quaternary salt. It was considered 
desirable to extend the study of this type of reaction, and in 
Part II of this series (this V'oL, p, 1I17G) it was shown that pjn'idinium 
salts can be obtained from certain hydroxyanthraquinones, in 
which the liydroxyl groups are in the ortho- or para- position to 
one another, by the simultaneous action of bromine and pyridine, 
although in the compounds thus obtained the pyridiiiiuiii groups 
are, of course, attached to the benzene rings. 

The present communication describe s'experiments undertaken in 
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order to study the influence of substituents attached to the 
carbon atoms on the formation of pyridinium salts by brominatiou 
in the presence of pyi'idine. 

The action of bromine on 9 : lO-dibroraoanthracene has been 
studied by several investigators (Graebe and Lieberraann, Anmkn, 
1870, Suppl. VII, 304; Kauflcr and IiuhofT, Ber., 1904, 37, 4706; 
Kurt Meyer and Zahn , ^ « hq ^ e « , 1 9 1 3 , 396 ,166). Graebe and Lieber- 
mann found that, although more highly brominated compounds 
could not be obtained from 9 : lO-dibromoanthracene by the action 
of bromine in carbon disulphide solution, a dibromoanthracene 
tetrabromide was easily obtained by exposing 9 ; 10-dibromoanthra- 
cene to bromine vapour at the ordinary temperature without the 
use of a solvent. The tetrabromide thus obtained loses hydrogen 
bromide very readily when heated and passes into 2:9: lO-tri- 
bromoanthracene. It has recently been reinvestigated by Battegay 
and Claudin {Bull. Soc. chim., 1921, [iv], 29, 1022) and Grand- 
mougiu {CompL rend., 1921, 173, 1170), who have proved it to 
be 1 : 2 : 3 : 4 : 0 : 10-hexabromo-l : 2 : 3 ; 4-totrahydroanthracene. 
Kurt Meyer and Zahn, on the other hand, treated 9 ; lO-dibromo- 
anthracene with bromine in the presence of a little chloroform and 
obtained a dibromoanthracene tetrabromide which differed widely 
in its physical properties from the compound obtained by Liebcr- 
mann and Graebe, but which, on heating, also gave 2:9:10. 
tribromoanthracene. They attrilmto the difference to geometrical 
isomerism and have obtained similar isomcrides by brominating 
9 : 10-dichloroanthracene. The marked difference in the behaviour 
of dibromoanthracene towards bromine without a solvent or in the 
presence of chloroform or carbon disulphide rendered an investiga- 
tion of its behaviour towards bromine in pyridine solution a matter 
of considerable interest. Repeated experiments have been made, 
hut in every ease negative results have been obtained, the whole 
of the original material being recovered unchanged. Similar 
negative results were also obtained when 9 : 10-dichloroanthraeene 
was submitted to the simultaneous action of bromine and pyridine. 

At this point it may be meiitionecl that the dibromoanthracene 
tetrabromide of Graebe and Liebermann, when treated with pyridine, 
forms a small amount of a pyridinium salt, although the mam re- 
action consists in the removal of hydrogen bromide and the foriaa^ 
tion of tribromoanthracene. This reaction is being fort er 
examined in connexion with a series of experiments which are being 
carried out in these laboratories on the action of pyridine and otto 
organic bases on the haloids of aromatic hydrocarbons, and there- 
fore it is thought best to reserve further discussion on the na ure 
of the product for a future communication. 
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When 9 : 9 : 10 : lO-tetrachloro-9 : iO-diliydroanthracene (anthra- 
quinone tetrachloride) is warmed with pyridine, a deep red substance 
13 formed (compare D.R.>P. 283,106), but owing to its refusal to 
crystallise it has not been found possible to obtain the substance 
in the pure condition. The deep red colour, however, suggests that 
opening of the pyridine ring has taken place with the formation of 
an anil of glutaconaldehyde (compare Zincke, Annahn, 1904, 330 
361; 333,296; 1905,338, 107; 341,365; Zincke and Krollpfeif- 
fer, ibid., 1914, 408, 285 ; Zincke and Weisspfenning, J. pr, Chem., 
1910, [ii], 82, 1 ; 1912, [ii], 85, 207 ; Barnett and Cook, T , lO'^l' 
119, 908). 

When 9-nitroantliracene is submitted to the combined action of 
bromine and pyridine, it is readily converted into 9-nit roanthranyl- 
lO-pyridinium bromide, and salts of the same base are obtained by 
nitrating authranyl-9-pyridinium nitrate. The production of a 
p>Tidinium salt is probably due to the intermediate formation of a 
dibromide and subsequent simultaneous pyridinium .salt formation 
and loss of hydrogen bromide : 


C-NO^ BrC-NO, CvVO, 

HCBr CteVri^XBr) 

and this view of the mechanism of the reaction receives support 
from the fact that the action of pyridine on 9-chloro(or bromo)- 
lO-nitro-9 : lO-dihydroauthraccne consists solely in the removal of 
halogen acid, no trace of a pyridinium salt being produced. 
Pyridine appears to have a very considerable tendency to convert 
dihydroanthraceno derivatives into anthracene derivatives, as even 
ill the cold it at once removes nitrous acid from 9:9: lO-trinitro- 
9 . lO-dihydioanthraccnc and converts it almost quantitativolv into 
9 : 10‘dimtroanthracenc. In fact, pyridine is a more convenient 
reagent to use for this purpose than the dilute sodium hydroxide 
recommended by Meiscnlicimer and Conneradc (.Inau^en, 1904 
330, 167). ' * 




i>U2*U*l\U2 

c,h,<>c7h, 

liC-IsOj C-XO, 

(n vievf of these reactions, it is ratlier surprising that anthracene 
hbromide reacts with pjwidine to form 9 : lO-dihvdroanthra- 
lmnyl-9 : lO-dipyndinium dihromidc and not anthranvlpyTidinium 
iromide (Barnett and Cook, he. cit.). 

If 9-nitroantliraccne is broniinated in carbon tetrachloride solu- 
wtn a . .flenrnt reaction takes place and bromination is aecom- 
amed by the simultaneous displacement of the uitro-group 
■ lO-aibromoauthracene being obtained. 



2062 


BAENBTT, COOK, AND ORAINQKK : 


9 : lO'Dinitroanthraoene does not react with bromine either 
pyridine solution or in the presence of carbon tetrachloride. 

9-Bromoanthrone reacts easily with pyridine to form a pyridiniuQ) 
salt, and this may have either the enolic structure (I) or the ketonic 
structure (II) ; 

C-OH CO 

(I.) CeH4<i>CeH4 (ll.) 

OlC^H^NBr) HCiCsH^NBr) 


Kurt Meyer and Sander 1913, 396, 140) have shown that 

nearly all anthrone derivatives are almost completely eiiolised 
in pyridine solution, so tliat the former structure is the more 
probable. It is true that the compound is not fluorescent, hut 
in this case the absence of fluorescence cannot be used as an argu- 
ment for the absence of the “ bridge ” bond, as it has been shoivn 
in Part I of this series that the pyridinium group has a powerful 
influence in hindering fluorescence. It is doubtful whether thia 
influence is due to the ipiinque valent nitrogen atom or to the 
pyridine ring system, and in the hope of elucidating this point 
experiments were initiated with a view to prepare other quaternary 
salts derived from anthrone. These have failed to accomplish their 
object, as it has been found that, witli the exception of pyridine, 
tertiary amines do not react with bromoan throne to form quatern- 
ary salts. Thus, if a chloroform solution of bromoan throne is treated 
with triethylamino, tripropylaraine, tri-isobutylaminc, triamylamine, 
a-picoline, or quinoline, a reaction takes place at once, but a 
quaternary salt is not formed, the product being bromodianthronc 
(III). In this respect, the tertiary amines resemble ammonia, as 
Kurt Meyer and Sander (foe. cit.) obtained broraodianthrone by 
treating bromoan throne in benzene solution with ammonia, and the 
same reaction takes place when chloroform is substituted for benz- 
ene as a solvent. It is remarkable that whereas pyridine gives 
the quaternary salt, such a salt cannot be obtained from either 
a-picoline or quinoline. Tribenzylamine does not react mtb 
bromoan throne at the ordinary temperature. 


CO 

CeHiOCeH, 

CBr 

CH 

CeH,<>CA 

CO 

(III.) 


CO 

CeH.OCoH, 

CH 

CH 

CO 

(IV.) 


CO 

4“*^^^ 6^4 

c 

c 

CeH^OCeH, 

CO 

(V.) 


Diethylaminc resembles the tertiary amines in so far that li 
causes the loss of hydrogen bromide from two molecules of bronio- 
anthrone. The product ip this case, however, is not broffiO' 
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dianfchrone but dianthraquinone (V), two molecules of hydrogen 
bromide having been lost. These must be lost simultaneously, as 
dianthraquinone is not formed from bromodianthrone and diethyl- 
amine under the experimental conditions employed (cold chloroform 
solution), although, on prolonged heating, almost any amine will 
convert bromodianthrone into dianthraquinone, tertiary amines 
having, apparently, no tendency to form quaternary salts. Even 
pyridine fails to form a quaternary salt with bromodianthrone. The 
behaviour of dicthylamine is exceptional and may be due to the 
fact that it is much more strongly basic than most aliphatic amines 
(Bredig, Z. physikal. Chem.y 1894, 13 , 294; Moore and Winraill, 
T., 1912, 101 , 1651). 

Other secondary amines, dimethyl amine, methylaniline, benzyl- 
aniline, and piperidine, bring about a different type of reaction, 
bromine being split off as such and dianthrone (IV) formed. Methjd- 
araine and dimethyl aniline also behave in this manner. The bromine 
liberated oxidises part of the bromoanthrone to ant hraqui none, and 
this is always found among the reaction products. That the form- 
ation of dianthrone is actually due to the liberation of bromine is 
easily demonstrated by carrying out the reaction in the presence of 
an iodide, as iodine is then liberated and can be recognised by any 
of the usual tests. The experiment is particularly striking when 
dimethylaniline is employed. 

Numerous descriptions of the preparation of dichloroanthracene 
by the chlorination of anthracene are to be found in the literature 
(Perkin, Bull Soc. chirn., 1877, [ii], 27 , 464; Graebe and Lieber- 
mann, Anmleiiy 1870, Suppl. Vll, 257; Ber.^ 1868, 1 , 186; 
Schwarzer, ibid., 1877, 10 , 376; Hanimerschlag, ibid., 1886, 19 , 
1106; Kurt Meyer and Zahn, loc. cit.\ D.R.-P. 283106; 284790), 
but none of them is well adapted to the preparation of the pure 
substance owing to the simultaneous formation of more highly 
chlorinated products. In the patent literature (D.R.-P. 289133), 
it is claimed that dichloroanthracene is formed when anthracene is 
treated with a very large excess of sulphury 1 chloride, but the 
experimental details given are very scanty and on attempting to 
iarry out the experiment by this means a dark- coloured product, 
ivhich was very difficult to purify, was invariably obtained. By 
using much less sulphury! chloride than that recommended in the 
patent and by employing carbon tetrachloride as a diluent, a method 
was finally worked out which gave a very pure product in good 
5 ^ield. Chlorination under these conditions seems to be preceded 
by the formation of an additive compound, as during the reaction, 
which is carried out at the ordinary temperature, tiie anthracene 
first dissolves to form a clear solution, and then the dichloroanthra- 
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cene crystallises out. In view of the fact that another investigator 
(Silberrad, T., 1921, 119, 2029; this vol., p. 1015) is at present 
engaged in a systematic examination of the chlorination of the 
aromatic hydrocarbons by means of sulphuryl chloride, the 
mechanism of the reaction has not been further studied. In the 
case of anthracene, however, no catalyst is necessary, although 
the reaction is somewhat accelerated by the addition of a little 
sulphur chloride. 

Expeeimektal. 

O-Jtlroan/Amcejie.— Anthracene, suspended in glacial acetic 
acid, was treated with the calculated amount of nitric acid accord, 
ing to the directions given by Dimroth [Ber,, 1901, 34, 221) and 
Meisenheimer and Conner ade (.Inna/e^, 1901, 330, 133), The 
solution nas then treated with fuming hydrochloric {or hydro, 
bromic) acid, and the precipitated chloro(or bromo)-nitrodih 3 ^dro. 
anthracene collected, washed, dried, and suspended in pyridine 
The product consisted of 9-nit roanthracene and no pyridinium salt 
could be detected, 

9-XitroantkramjiAQ-piiridinunn Bro'inid^.--ia) 9 -Nitroant hracene 
(10 grams) was made into a thin cream with pyridine, and l-ac.c. 
of bromine were slowly added, the whole being well stirred and 
cooled in a freezing mixture. After keeping for two day,? at the 
ordinary temperature, the precipitate was collected witli the aid 
of the pump, washed n ith pyridine and ether, and finally recrvslal- 
Used first from water and then from absolute alcohol (Found: 
Br — 19*3. CjgHjnOoNjjBrj'iH^O rerpiircs Br ~ 19-2 per cent.). 
( 6 ) Anthranylpyridinium bromide (2o grams) was dissolved in boil- 
ing water, and the hot solution treated with a solution of 12 grams ol 
silver nitrate.* The silver bromide was removed and the filtrate 
evaporated to dryness on the water- bath. The crude nitrate thus 
obtained was rccrystallised from a mixture of alcohol and ether and 
then formed pale yellow plates which commenced to deGonipo.se at 
about 190^ and finally melted at 221-222'^ (yield 20 grams) (Found: 
N = 8*96. requires N = 8*81 per cent.). The nitra- 

tion was^effected by adding 15 grams of the above nitrate slowly 
to 25 c.c. of concentrated sulphuric acid. After keeping at the , 
ordinary temperature for three hours, the solution was poured on ^ 
crushed ice, and the precipitate washed and rccrystallised from ■ 
hot water (Found : S = 7*75, C\gH 5 ^ 405 X 28,1120 requires S = 
per cent.). 9 -A' itroanthm n jjl- 10 -pyridiniu??i hydrogen sulphate forms 
a yellow', crystalline powder whicli docs not melt below 300^ h 
is rather sparingly soluble in water or alcohol. The cold aqueous 

• If lead nitrate is used, a double salt with lead bromide is obtained. 
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solution at once gives a dark red precipitate wlien treated with 
dilute sodium hydroxide solution ; in this respect the nitroanthranyl- 
pyridinium salts differ from the un-nitrated substances. When 
treated with aniline, a red solution is formed in the cold and the 
colour deepens on warming, but it was not found possible to isolate 
any pure substance. The dichrormitej obtained by treating an 
aqueous solution of the sulphate witli potassium dichromate, 
cr3^stallises from boiling w'atcr in glistening, orange leaflets which 
fall to a yellow powder when dried [Found ; Cr 12-2. 
(Ci9Hj302N2)2Cr207,2H20 requires Cr ^ 12-17 per cent.]. The 
ckhride was obtained by treating the liydrogcn sulphate with barium 
chloride and hydrochloric acid. It crystallised from water in 
golden-yellow leaflets. For analysis, a sample was recrystallised 
from alcohol (Found : Cl — 9‘b5. Cj9Hj302N2Cl,2H20 requires 
Cl = 9-54 per cent.). The nilrate was obtained from the hytlrogen 
sulphate by means of barium nitrate. It crystallised from hot 
water in golden-yellow plates wliich fell to a yellow pow’der on 
drying (Found : N - 1M8; H2O - 2-59. 
requires N ^ 11*29; HgO ^ 2-59 per cent.). The picraie wag 
obtained as a yellow precipitate when an aqueous solution of the 
hydrogen sulphate or bromide was treated with picric acid. It was 
rccrystallised from boiling water, in which it is very sparingly 
soluble, and then formed yellow needles which melted at 261 — 263® 
(Found : N ~ 13-3. C25Hj50gN5 requires N — 13-2 per cent.). 

Dibroynoanthracene. — 9-Nitroanthracene (4-4 grams) was boiled 
under reflux for three hours with bromine (3-2 grams) and carbon 
tetrachloride (20 c.c.). Nitrogen peroxide w*as evolved. The 
product was recrystallised three times from glacial acetic acid and 
was then found to contain bromine, but no nitrogen. It melted 
at 218®, and the melting point was not changed by mixing it with 
pure dibromoanthracene. 

Dinitroanthracene. — Trinitrodihy’’droanthracene was prepared by 
passing nitrogen peroxide into a chloroform solution of 9-nitro- 
anthracene (Meisenheimer and Connerade, loc. cit.). When this was 
treated with about four parts of cold pyridine, it was almost at 
.once converted into 9 : 10-dinitroanthracene, and this w'as found to 
the most convenient method of obtaining the di nit ro- compound, 
initro anthracene remained unattacked when boiled with bromine 
carbon tetrachloride solution. It was also unaffected by treatment 
ith bromine in cold pyridine solution. 
^-HydroxjjanthranyllO-pyridinium Bromide (I) or Ayithronyl- 
^/ridinium Bromide (II). — (a) To a solution of bromoanthrone 
'•0 grams) in 150 c.c. of chloroform cooled in ice, pyridine (3 c.c.) 
as added and the whole kept at 0® for tw'o hours. The precipi- 
VOL. CXXI. • An 
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tate was collected, washed with chloroform, and recryetallised from 
boiling water. 

( 6 ) The follo^ying method is more convenient for preparing the 
above bromide. Bromoanthrone (10 grams) is heated on the water 
bath for fifteen minutes with pyridine (80 c.c.). After cooling, the 
precipitate is collected, washed with pyridine and ether, and 
recrystallised from dilute hydrobromic acid. For analysis, a 
sample 'was recry stallised three times from alcohol and ether- 
it then formed pale yellow needles which melted with profound 
decomposition at 185— 188"^ (Found: 0 = 63-5; 11 = 5 - 55 . 
N = 3-77 ; Br = 22-5. Ci 9 H| 40 NBr,iH 20 requires C = 63-2; 
H - 4-16 ; N = 3-88 ; Br = 22-2 per cent). 

This bromide is easily soluble in hot w'ater or alcohol, but is 
sparingly soluble in the cold. On prolonged boiling with water 
it is converted into anthraquinone, but hydrolysis takes place 
rapidly when the cold solution is treat ed with sodium nitrite 
or sodium acetate. The product thus obtained probably contains 
nitroanthrone, but owing to the presence of impurities it was not 
found possible to obtain it in a state of purity. Aqueous solutions 
of the bromide give deep red colorations with ammonia and sodium 
hydroxide. This is almo.st certainly due to the opening of the 
pyridine ring, but owing to the uninviting pliysical properties of the 
substance formed, it was not further investigated. Highly coloured 
products are also obtained by heating the substance with aniline. 
The nitrate w^as obtained by treating a boiling solution of the 
bromide with one equivalent of silver nitrate. After the silver 
bromide had been removed, the filtrate was cooled, wben the 
nitrate crystallised out ; it w’as purified by reerystallisation from 
alcohol containing a little ether. It is much less soluble than the 
bromide (Found : N = 8 '23, requires N — 8'38 

per cent.). 

Action of A^nmoni a and Amines on BromoarUhrone. 

To save space it will be best to state the standard conditions 
used and merely to note under the individual amines w^hen it was 
found necessary to modify these. Bromoanthrone (5 grams) was 
dissolved in chloroform (50 c.c.), and the cold solution treated with 
the amine (2 to 5 c.c,). After keeping at the ordinary temperature 
for two hours, the solution was diluted with about twice its volume 
of ether and the pn^cipitato collected and washed with dilute hydro* 
bromic acid. The final purification of the product W'as effected hy 
recrystallisation from xylene or from a mixture of chloroform and 
light petroleum or from both these solvents. 

The products of the reactions w'ere tested for bromine and nitro* 
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gen and were identified by the method of mixed melting points and 
by their colour reactions with concentrated sulphuric acid, with 
and without the addition of a drop of nitric acid. Thus anthrone, 
bromoanthrone, and dianthrone all give yellow solutions in concen- 
trated sulphuric acid which are turned red by the addition of a 
drop of nitric acid. Bromodianthrone gives a bluish-green solution 
in concentrated sulphuric acid, the colour changing to red on the 
addition of nitric acid. Diant hraquinone gives a bordeaux-red 
solution in concentrated sulphuric acid and the colour is not 
changed by the addition of a drop of nitric acid. Diant hraquinone 
is also easily recognised by its giving a green solution in boiling 
xylene, the colour gradually fading to yellow as the solution cools, 
and by the fact that the crystals turn green Avhen prc.sscd. In 
addition to the above colour reactions, the behaviour of bromodi- 
aiithronc with pyridine is characteristic. The solution in the cold 
solvent is almost colourless, but on heating becomes first violet, 
then blue, and finally green. On cooling the green solution, the 
colour fades to yellow and crystals of dianthraquinonc arc deposited. 
Dianthrone is very easily characterised by the fact that it crystallises 
unchanged from boiling concentrated nitric acid ; in fact, recrys- 
tallisation from this solvTnt is the best inetljod of obtaining small 
amounts of the pure substance, although the spaiing .solubility 
renders the method unsuitable to the trcatincnt of larger quanti- 
ties. When jmrified by this method, dianthrone i.s quite colourless 
and not yellow, as usually obtained from other solvents. 

Ammonia.— Dry ammonia gas was used and auunoiiiuin bromide 
commenced separating almost at once. Die product uas bromo- 
dianthrone. More satisfactory results arc olitaincd by this method 
than by using benzene as a solvent (Kurt .Meyer and Sander, loc. 
cU.). 

Mcthylaminc. Dimethjhminc. — Dolassium hydroxide was added 
to an aqueous solution of the base, and the solution then warmed. 
The gas evolved was di'ied by means of soda-lime and solid potassium 
hydroxide. In both cases the product consisted of dianthrone. 

Dicthylamine. — The product was dianthraquinonc. 

Tr iet hylarnine . Trip ropyla 7ninc. Tr ia m yiaininc. — The products 
were bromodianthrone. 

Triisobuiylaviinc. — reaction took place under standard con- 
ditions, and the reaction was only com])]etc after boiling for five 
hours. The product was bromodinntiiioiie. 

Piperidine.— ‘Thfi reaction was rapid anti w as complete after thirty 
minutes. The product was dianthrone. 

Methylaniline, Dimc(kyianiUnc.~hi both cases, the iuoducU 
were dianthrone. 


4b2 
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Benzylaniline. — The reaction was very slow. After three dayg^ 
some dianthrone was obtained. 

Tnbenzyhmine. — No reaction was observed under standard con- 
ditions, and the reaction was very slow even on prolonged boiling 

cn-Picoline. — The reaction was allowed to proceed at the ordinary 
temperature over-night. On adding ether, a pasty precipitate was 
obtained which became solid when wanned with dilute hydrobromic 
acid. On rc crystallising, pure bromodian throne was obtained. 

Quinoline. — The reaction was alloAved to proceed at the ordinary 
temperature over-night. On adding ether, a sandy, brown precipj. 
tate was obtained. This was w^ashod with alcohol and recrystallised 
from xylene, when pure bromodianthrone w'as obtained. 

Preparation of 9 ; lO-Pichloroanthracene. 

Technical refined anthracene (about 95 per cent. ; 90 grams) was 
suspended in 650 c.c. of carbon tetrachloride, and 135 c.c. of sul- 
phiiryl chloride were added. The flask was then closed by means of 
a calcium -chloride tube and the whole kept at the ordinary tempera- 
ture. After a few minutes, evolution of gas commenced and the 
anthracene slowly passed into solution, the whole dissolving in 
about four hours. The clear orange-yellow solution thus obtained 
was kept for a further period of twenty-four hours, when a further 
evolution of gas took place and dichloroanthracene crystallised out. 
After cooling in ice, the precipitate was collected, washed with 
carbon tetrachloride, and finally recrystalliscd from the same 
solvent. The product melted shai*ply at 209°. The yield was 
almost theoretical. 

Summary. 

(i) Bromine in pyridine solution does not react with 0 : 10- 
dichloroanthracene, 9 : lO-dibromoanthraccnc or 9 ; lO-dinitro- 
anthracene. 

(ii) A pyridinium salt is obtained when Q-nitroanthracenc is 
treated with bromine in the presence of pyridine, and salts of the 
same base are obtained by nitrating anthranylpyridinium nitrate. 

(iii) 9-Nitroanthracene, when hrominated in carbon tetrachloride 
solution, gives 9 : lO-dibromoanthracene, owing to the displacement 
of the nitro- group. 

(iv) Pyridine con vert. s chloronitrodihydroanthracene into 9- 
nitroanthracene, and trinit rod ihydro anthracene into dinitro- 
anthracene. 

(v) The action of amines on hromoanthrone has been studied and 
it has been found that bromodianthrone, dianthrone, or dianthra- 
quinone is formed, the product obtained depending on the amine 
used. 
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(vi) A simple method of preparing pure 9 : lO-dichloroanthracene 
in almost theoretical yield from anthracene and sulphuryl chloride 
has been worked out. 

In conclusion, the authors desire to express their thanks to the 
South Metropolitan Gas Co. for the supply of anthracene and 
pyridine, to British Dyestuffs Corporation, Ltd., for a gift of 
dimethylamino, and to the Research Fund Committee of the Chemical 
Society for a grant which has partly defrayed the expenses of this 
research. 

Dkpap.tmknt op Organic Chemistry, 

Sir John Cass Technical Institute, 

Jewiiv St., Aldgate, London, E,C.3. [ Ri ’ ctived , J^hj 


CCXLVIII . — Inorganic Complex Salts. Crystallo- 

graphic and Optical Study. Fart I. 

By Isabel Ellie Knacgs. 

Tufi crystals of the inorganic complex salts now to be described 
were pi’(‘parcd in the Cambridge Uinvcrsity Clumiical Laboratory 
by Mr. \V. Thomas, who will shortly communicate an account of 
tlieir preparation. 

The crystals were extremely difficult to obtain and were for the 
most part very small and poorly developed. Their crystallograpliic 
and optical determination has for this reason proved a difficult 
task. 

The following salts have been investigated : {1) Potassium fern- 
oxalate + SILO ; (2) potassium aluminium oxalate ; 

(3) ammonium - diamminodinitro - oxalatocobaltiatc -h 

(4) ammonium - diamminodinitro - oxalatocobaltiate + H,0; 

(5) potassium ds - diamminodiiiitro - oxalatocobaltiate -f HgO ; 

(6) potassium - diammiiiodinitro - oxalatocobaltiate -f HoO; 

(7) barium cis - diamminodiiiitro - oxalatocobaltiate -[- 3H.,0; 

(8) ammonbim diamminotetranitrocobaltiate. 

So far only racemic compoimds ha^'e been examined, all attempts 
to crystallise the optically active components having failed, owing 
to racemisatioii taking place during crystallisation. 

The compounds (1) and (2) crystallise in the holohedral class of 
the monoclinic system and are isomorplious wltli each other. The 
cfs-compounds, (3), (5), and (7), were found to show a close iso- 
morphism and to belong to the ditrigonal-scalcnohcdral class of 
the rhombohedral system. The /m?i5-compounds, (4) and (G), 
altbougli they show close resemblances in the values of their crystal 
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angles and crystallise with the same symmetrj^, the full symmetry 
of the monoclinic system, are not tnily isomorphous, as will be 
sliown later. The compound (S) crystallises in the orthorhombic 
sy.stem with holohedral symmetry. 

It is surprising to find that the cis-ammonium and cis-potassium 
compounds, (3) and (5), are isomorphous with the m- barium com- 
pound (7), the former being salts of a univalent metal or radicle and 
the latter of a bivalent metal and therefore possessing a groat differ- 
ence in molecular weight and structure. ^Toroover, the compounds 
cr3"stallisc with a different number of molecules of water, the 
barium compound with three and the ammonium and potassium 
with one only. 

Potassium FerrUoxalate, [Fe(C204)3]K3,3H20 (Figs. 1 and 2). 

A complete crystallographic examination of this suh.stance has 
been made by Jaeger {Ffc. trav, chiw., 1919, 38, 242) and olhcis. 
The results given below agree sufficiently well with those of Jaeger. 
Ho gives the symmclry as monoclinic hololiedral, the axial angle 
9 ^ 94° 20', and the axial ratio a \ h \ c — 0-9923 : 1 ; 0-392.'). The 
forms observed by him are the same as those given below. The 
measurements arc recorded now for the sake of comparison Aviih 
the -isomorphous aluminium salt. A detailed determinution of the 
optical cliaractcrs lias not jirevionsly been made. 

Crystal .s0em : monoclinic. Class: holohedi’al. Axial angle : 

-- 94° 13f. Axial ratio : a:h:c - 0-9911) : I : 0-3S95. 

Forms observed: B — well developed, (dongated parallel 

to the zone [010, llT]; m. |1 10|, small bright faces; o— |1U;, 
small bright faces; e — ‘III'm largo faces, striated and elongated 
parallel to the axi.s of the zone [Oltk 1 H | ; " ! I0l|, when pre.sent, 

much striated and elongated parallel to the zone (010, 111]. 

Angles measured : 
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Habit : 

the crj’stals 

are 

trans 

parent, green 

in colour, 

and well 

developed. 

They can 

easil 

y ))c 

obtained 

fairly large or 

small as 

desired. A common li 

ahit 

of the crystal 

Is is 

that of thin plates 

parallel to 

B~ :oio;. 

Mo 

re usually, the 

habit is that 

shown in 


Fig. 1. 

It might appear, at first sight, that a more natural mode of 
treatment would he to regard the faces of the forms {Til} and 
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jToii as prisms of the form |210] and pinacoids of the form {100}, 
respectively. The treatment adopted brings out, however, the 
strong pseudotetragonal symmetry which tlic crystals evidently 
possess, and also shows tlie marked siinilarity wliich exists between 




Fig. G. 



their angles and those of the crystals of the isomorphous aluminium 
compound. Fig. 2 shows a crystal drawn in the conventional 
position with the c-axis vertical. 

Ckavage: none observed. A distinct parting parallel to Jill} 
was observed. 
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Density : determined by suapension in liquid, df = 2*133 
(corrected). 

Topic axes : y : ^ : w = 8*354 : 8*424 : 3’199. 

Optical characters : refractive indices, measured by total reflection 
from B = (010), a = 1*5019, ^ = 1*5568, y = 1*5960 for sodium 
light. The double refraction is therefore strong and the sign 
negative. The plane of the optic axes is B, and the acute bisectrix 
is inclined to the vertical axis, c, at an angle of about 2° in tbe 
obtuse axial angle. The optic axial angles in a liquid of refractire 
index about that of p were determined for lithium, sodium, and 
thallium lights and found to bo as follows : Ld, 79° 36' ; 
78°49|'; Tl, 77° 53^'. The dispersion shows p>v. Marked 
inclined dispersion of the bisectrices was also observed. 

The pleochroism is fairly strong, the colour changing from dark 
green to very pale green. On looking through a crystal perpen- 
dicular to B ~ (010), maximum absorption of light for vibrations 
perpendicular to the acute bisectrix and minimum absorption for 
vibrations parallel to that bisectrix were found. 

Potassium Aluminiurn-oxalale, [A 1 (C 204 ) 3 ]K 3 -f SH^O (Fig. 3), 

Crystal system: monoclinic. Class: holohedral. Axial angle: 
(3 -= 93° 23'. Axial ratio : a\b:c~^ 1*0001 : 1 : 0*3903. 

Forms observed : B — {0101, present occasionally and then as 
very narrow faces; m = {HO-, and p [230j, well developed but 
much striated; o — }111|, and e ^ {Tll|, small, fairly good faces; 
8 = {lOlj, small, narrow faces. 

Angles measured : 

No. of 





measure- 





Mean. 





ments. 


Limits. 


Oba. 

Calc. 

mm, 

- (110) 

(TlO) 

.3 


40F 

-89° 

50' 

89° 

4(i' 

* 

mp 

= (110) 

(230) 

0 

11 

1 

-11 

14 

n 

7 

11° 18' 

00 

-{111) 

(111) 

5 


29 i 

-39 

51 

39 

37 

39 42 


= (Tll) 

(TOI) 

7 

20 

171 

-20 

55 

20 

35^ 

* 

mo 

= (110) 

(111) 

8 

o8 

44 

-59 

17 

09 

01 

59 1 

oe 

= (111) 

(HI) 

4 

r)S 

0 

-58 

31 

58 

19 

58 20 

em 

= {TT1) 

(HO) 

5 

02 

40 - 

-93 

0.V 

02 

50 

* 


Habit : the cry.stals were fairly large but poorly developed. 
They were colourless and more or less transparent. Their develop- 
ment was prismatic with either end terminated by four small 
pyramidal faces and one small dome. 

Cleavage : none ob.served, but a well-marked although rough 
parting parallel to |l01j was observed. 

Density : determined by suspension in liquid, df — 2 026 
(corrected). 

Topic axes : 8*300 : 8*442 : 3*273, 
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Optical clmracters : refractive indices as found by the immer- 
sion method, a = 1-49, y = 1*50. The double refraction is weak 
and the sign positive. 

The plane of the optic axes is B, and the acute bisectrix is inclined 
to the a axis at an angle of about ir in the obtuse axial angle. 
The optic axial angles in benzene (/x = 1-50) were determined for 
lithium, sodium, and thallium lights and found to be as follows': 
Li, 70° 44 ; Na, 71 12 ; Tl, 71° 35 J'. The dispersion is apparently 
v>p. Marked inclined dispersion of the bisectrices was also 
observed. 


A mmmium A^iamminodinilro^oxaMocobaltiaie 

[Co{NH 3)2(N02)A04]NH, + H^o. 

Two isomeric forms of this composition occur, one crystallising 
in the rhombohedral system and one in the monoclinic. They 
correspond with the following structural formula 


J 

cia-Form. 


1-HiO 






nfl?w-Form. 



H,0 


Ammonium cia-Dtammiuodini/iv ■ oxalalocoOallialo + IHO — 
Crystal system: rhombohedral. Class: ditrigonal sealciiohedraj 
llillenan axial angle : ec = 107° 57'. Angle over the edges of the 
primary rhombohedron, 63° 33'. 

Form observed: r JiOOJ, well developed; n ~ J10T| small 
narrow faces; I = {HI}, small, square faces. 

Angles measured : 


rl ^ (100j:(lli) 
= (10I):(11T) 
- (111): (100) 
«f‘ = (10r):(100) 


No. of 
measure - 
mpnts, 

6 

85^ 

LimUi?, 

35^-85^ 

55' 

Mean. 

Obs. 

85" 43' 

Calc. 
85° 41' 

27 

43 

3 —43 

54.^ 

43 29 

43 31 

31 

4(> 

n — 4n 

54 1 

40 2.9 

* 

35 

57 

48.1 —58 

474 

58 10 

5S 


deftl 1 wystahs were very small but well, 

aeytlopcd. They wore deep reddish-brown in colour and so opaque 
as to preclude any determination of optical characters. The crystals 
bLoTiv' appearance to those of the isoraorphous barium corn- 
absent ^ diSerenco that in tliis case basal planes are 
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Cleavage: none observed. , m, , 

Density : measured by suspension in liquid, d,. - 1-971 (corr,). 

Topic axes: x = '/' = “ = , i m n iv 

Ammonium tians-Diamminodimtro-oxahtocobalhate + lll 2 *J (Pig. 

41 , —Omstol wsiem .- monoolinic. Class : holohcdral. Axial angle; 
B = 92° 51J'. Axial ratio : a:b:c = 0-4089 : 1 : 0-3654, 

Forms observed : B = {010}, occasionally present as long, narroiv 
faces; m = {UO}, fairly good, long, narrow faces; 1 = {021}, 
p = {111}, 0 = {Til}, all very small faces. 

Angles measured : 


mm = (110) : (UO) 
-( 010 ): ( 111 ) 

= (010): (Til) 

. (110): (ill) 
^(111): (HI) 
(010) : (021) 
= (111): (021) 
= (021):(T10) 
= (111): (021) 
= (021): (110) 


Bo 

mp 

po 

Bl 

pi 

Im 

ol 

hn 


No. of 
measure- 
ments. 

3 
2 

4 

5 
fi 

3 

4 
(i 
8 


Limits. 

43" 8' —48“ 16' 
73 52^ —74 3 

48^ —73 3^ 

45 _44 52 
^—87 37i 
38 —52 lU 
274—41 36| 
-77 22 
224—42 46J 
2^—73 54 


72 
44 
87 

51 

41 

42 

73 


Mean. 
Obs. 
48“ 12' 
73 56| 

72 56 
44 48J 
87 32 
51 54 

41 32 
77 12 

42 33 

73 36 


Calc, 


73° 24' 

* 

87 45^ 
51 501 

41 25| 
77 3f 

42 42 
73 15^ 


Habit : prismatic, terminated by extremely small dome and 
pyramid faces. The cry,stals were very poorly developed. Hence 
it was not possible to obtain more than approximate measure- 
ments of the crystallographic angles. A strong pseudorhomhic 
symmetry is shown, the axial angle differing from a right angle by 
less than 3° and the angles from B = {010} m to ,,{111} and 
0 = {Til} differing respectively by less than 1°. The larger crystals 
were hollow right through the centre, rendering them useless tor 
optical study, and it was not found possible to make a complete 
determination of optical properties willi the extremely small 
crystals which were not hollow. 

C/earajc .- none observed. , v-c, ,™„1 

Density : measured by suspension in Inpnd, </? - I'biJ (cor 
Tonic axes : x '• 'I' ‘ ^ ~ 4-221 : 10-,1.3 . 3-, ,5. 

Optical characters : refractive indices as found by the immersion 
method, greater than 1-74 for vibrations parallel to tlic ai and . 
axes and somewhat lower for those parallel to the y axis, 

Fleoehroism: colour changes from dark reatoh-brown to g M 
yellowish-brown, with maximum absorption of light ‘ 

parallel to the r axis, minimum absorption for ''‘^'■a|ioi 
to the 2 axis, and intermediate absorption for vibrations parallel 

'‘’^Ltystaight extinction parallel to the crystallographic axist 
was observed. 



KNAGGS : INOEGANIC COMPLEX SALTS. PAST I. 


2075 


Potassiuin Diamminodinitro-oxalaiocohalliaic, 

[Co(NH3)2(N02)2C204]K+H20. 

\s ill the case of the isoinorphous ammonium salt, two isomeric 
forms of this composition occur, the cis-form, as before, crystallising 
in the rhombohedral, and the trans-foim in the monoclinic, system. 

Potassium ds-Diamminodinitro-oxalatocobaliiatc -h IH^O. — 
Crystal system : rhombohedral. Class : ditrigonal scalcnohedral, 
Millcrian axial angle : a ^ 107° 54'. x\nglc over the edges of the 
primary rhombohedron, 63° 40'. 

Forms observed: r {100}, well developed; ^ {101}, small, 
narrow faces; Z = {111}, small, square faces; C — {111}, small, 
triangular faces, which occur only rarely and are very poor when 
present. 

Angles measured : 

No. of 



mca.su Fo- 


Moan. 


ments. 

Limits. 

Ohs. Calc. 

(111): (100) 

o 

37° 24' — :i7° uy 

87= 84' 87° 31' 

H =.(100): (111) 

:i 

85 82 — S5 

S5 80 85 .84* 

ul =(101): (111) 

s 

4;; 28*r^-18 4U 

48 48 28 J 

Ir =(111): (100) 

20 

4(3 lU— 40 5.')l 

40 :ii.t ♦ 

,ir -(10l):{100) 

8 

58 r - 58 21.1 

58 12t 58 10 

Habit : rhombohedi’al wiiJi basal terminations 

rai’o. The crystal: 


were extremely small but fairly well-developed, n'hcy were dark 
reddish- browm and too opaque to allow of the determination of 
optical properties. They were similar in appearance to tlie crystals 
of the isomorphoua barium compound (Fig, 6). 

Cleavage : none observed. 

Density : determined by su.=^pcnsioii in liquid, dj = 2*007 
(corrected). 

Topic axes : \p = u) = 5*S7 ! . 

Potassium iv^nn-DiamfKhiOiUnilro-oxalaloeohalliafi -f IH.O (Fig. 
o) -Crystal system : monoelinie. Cki.ss : liolohedral. Axial angle: 
[i 92°47|'. Axial ratio : a : h : r- M558 ; 1 ; 0-03S8. 

Forms observed: .1 ~ jlOO}, very narrow faces, not always 
present; C ~ {001}, fairly good, lozcnge-sluipcd faces, always 
present and the largest of the faces terminating llic prisms; 
m — [120}, fairly well-developed, long faces, often striated perpen- 
dicularly to the prism edge; c — {101}, extremely small, generally 
triangular faces; r ^ }122}, very narrow faces; 6’ 1121}, similar 

in development to the form r; Z ^ {lOlJ, similar in development 
to the form c, but only once found. 

In addition to these forms, the crystals from one crystallisation 
also showed faces which evidently belonged to the forms o = {121} 
and p = {122} , but as these crystals were extremely poor it was 

4 b* 2 
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not possible to obtain sufficiently accurate meMurements of tho 
ies from these faces on to C or m to establish their identity 

beyond doubt. 

Angles measured : 


Am — (100) : (120) 
At =( 100 ); ( 101 ) 
tC =( 101 ): ( 001 ) 

a =( 001 ); ( 101 ) 

Cm == (001) : (120) 
Cr =(001): (122) 
=(120); (121) 
,0 = (121): (001) 
me = (120) : (101) 
,nr = (120) : (122) 

Habit 


No. of 
measure- 
ments. 

B 

2 

3 
1 

4 

4 
6 
6 

5 
5 


Limits. 

66° 14J' — 66° 52' 
49 34J— 49 48i 
37 66 —38 Oj 


Mean. 
Obs. 
66° 35' 
49 41i 
37 58 
41 lOJ 
88 53i 
44 52 
26 ^ 
64 45^ 
75 1-^ 

61 59i 


Calc. 

49° UJ- 

* 

40 11 


45 3 
26 17 
64 49i 
74 58 
61 55 


88 40| —89 ^ 

44 28 — 45 16 
26 27 —26 32J 
63 6 — 65 48 1 

74 351-75 24 

Habit : the crystals were extremely small and not well developed 
and only permitted approximate determinations of the 0 ^ 8 ^ 110 - 
Iphic angles. They were prismatic with a prominent asa 
Sination and with a certain number of very small pyramidal and 
domal faces. 

tffcawje ; none observed. ^ . ,. -j 

Density : measured by suspension m liquid, - 2 093 (cor- 

""Scuires- x:^:“ = 6-08(>:5-260-.6-043. , 

OpM cMrairs : refractive indices as found by the immersioi 
metL, a = T56, p = 1 - 65 , y>l'74<l-77. The double refract.oi 

is therefore strong and the sign positive. 

The optic axes lie in the plane of symmetry and the obtuse 
bisectrix^is very slightly inclined to the crystallographic axis c. 
Se the extotion is nearly straight. The optic axial angles 

^^'neochroism: the colour changes 
yellowish-brown. Maximum absorption 

vibrations parallel to the .r axis, minimum absorption foi v br J 
paraliel to the z axis, and intermediate absorption for vibrations 

beteen the values of the angles obtained^ 
compound and for tho trans-nmmonwm compound ind^ 

close relationship between them. The two ffiffere’n <: cl 

ever, not truly isomorphous, for there is a 

orientation between them, the plane of s> y 

axis in tho ammonium compound being .f 

respective positions they should 0 “upy if ^s a strong 

with thei^uotassiura compound. In Iwth coinp “ 

pseudoJ'^'^- hombic symmetry is evident. Had ort 
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metry been attained, the cr 5 ^stals of the two compounds would 
hive shown true isomorphism. 


Barium cin- Diainminodinitro-oxalatocohalliatr^ 
[Co{NH3)2(N02)2C204l2Ba -i- SH^O (Fig. 0). 


Crystal system : rliombohcdrah Class : ditrigonal-scalenohedraL 
Millerian axial angle a ^ 108° 16'; angle over the edges of the 
primary rhombohedron, 63° 6'. 

Forms observed: C-{111|, small, triangular faces, always 
present and fairly good; r - {100}, large, w^ell-developed faces; 

= 'lOV}, very narrow and rather poor faces ; ? {111;, extremely 

small faces, very rarely present. 

Angles measiurd : 

No. of 


Cr = (lU):{100) 

rl ==( 100 ): { 111 ) 
„r =(10T):(100) 


measure- Mean, 

ments. Limits. Obs. Calc. 

14 36“ 43A'— 37“ 241' 37“ 2' * 

1 ‘ “ 86 35i 80“ 30' 

21 57 5GJ— 59 8.1 58 32“ 58 27 


Habit: rhombohedral with basal terminations. The crystals 
me extremely small and rather opaque and of a deep reddish-brown 
colour. 

Cleavage : none observed. 

Density : determined by suspension in liquid, df ^ 2’ 142 
(corrected). 

Topic axes : = w = 7-544. 

Optical characters : refractive indices, measured by total reflec- 
tion from {111}, « = 1-5607, w is very high and could not be 
measured. The double refraction is strong and the sign is negative. 
On looking through some of the clearer crystals, perpendicular to 
the basal plane, in strong sodium light, a faint uniaxial interference 
figure w'as observed in convergent polarised light. 


Table for the comparison of the cfs-rhomhohedral compounds. 



ilillcrian 

Angle 
over 
edges of 
primary 

Molecular 

Demnty. 

Topic aies, x “ 4* “ 

(1) (2)- . 


axial 

rhombo- 

weight 

Gak'uUled 

Calculat«d 

Chemical composition. 

angle. 

hedron. 

^ M, 


uiiing 3/. 

using 2if. 

[Co(NH,),(NO,),0,0,}NH*-FB,0 

107* 57’ 

63® 33’ 

309-11 

1-971 

5-7S4 

7-288 

[Co(NH,),(NO ,), 0 , 04 ]K + E,0 

107 54 

63 40 

33017 

2-007 

5-874 

7-401 

[0u(NH,),O’0»),0,0 J,Ba + 3E*0 

108 16 

63 6 

739-53 

2-142 

7-544 



A comparison of the crystallographic angles of the three rhombo- 
hedral m-compounds makes evident their isomorphous relation- 
ship. This is a close one for all three compounds and in the case 
of the ammonium and potassium compounds is of an extreme 
closeness. The latter might be exp^ted, since in such heavy 
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molecules the ammonium group and the potassium atom are j 
comparatively small part and therefore their substitution for one 
another rvoulcl naturally have a very small effect on their crystall^ 
graphy. But, as pointed out early in this paper, the close isn. 
morphism of the barium compound is not what would naturally 
be expected. No doubt, the reason given above for the extreme), 
close isomorphism of the ammonium and potassium compouuas 
applies in this case, tmt it does not seem sufficient to be the whole 
explanation. It may be that each barium atom takes the plate 
of two ammonium groups or two potassium atoms in the ciystal 
structure without greatly altering that structure. In this coi. 
nexion, it is inteivsthig to note that if tlie topic axes for the ammou. 
ium and potassium compounds are calculated, using double their 
molecular weights, the valuc.s obtained are fairly close to that of 
the barium compound in which the single molecular weight i.s used. 
It would scorn, however, that only an exact knowledge nf the 
arrangement of the atoms in the crystal structure could afford 
a complete explanation. 


DiamminofefrauitrocohaUiaic, [Co{NH3)a(N02)4]XH4 
(%• 

orthorliombic. Class : holohedral. Axial ratio 
1 : 0*5110. 

jn --- IllO), large facoii; e ~ *101 1, fairly large 
faces; q --- lOU;, very small faces, rarely present. 

A fifjks rtimsured : 


Cnjslal sustPin 
a :h:c — 0-S07' 
Forms obserrr.d 


Xo. of 
inca.siire- 
JlK'nt:?. 


ee =={101):(T01) 
me (110): (101) 
mffi " ' (l^^b 


Llmitf:. 

”IU' 
') — C7 
10 —82 


Mean. 

Obs. 

err 59' 

07 28 
82 2 % 


Calc. 


81“ 54' 


Hahit ■ Sim]ile prismatic, terminated by a pair of inacrodomB. 
The cry.stals were extremely small and jtoorly developed. The 
angular measurcraent.s olhaiued are therefore only^ approximate. 
Owinci to the poor iiuality of the crystals, their optical study was 
not undertaken, but it was found that their refractive n, dim 
were hi^h, lying belwcon MS and 1-74 for vilirations parallel to the 
c axis .and ’about I'TS for l ibrations in a ilirection 
to the c a>.i.s and parallel to cither the a or tlie b axis. The crystals 
were of n deep reddish *l)rov/ti coloni, 

; none observed. 

Densit!/ : determined by suspension in liqmd, a,- - • - 
(corrected). 

Topic axts : y : : w “ C;012 : G-OGo . u'on . 
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CCXLIX. — The Ignition of Gases. Part 11. Ignition 
ly a Heated Surface. Mixtures of Methane and Air. 

By Walter Mason and Richarb Vernon Wheeler. 

Relative Igiiition Temperatures. 

The exposure of various inflammable mixtures to heated surfaces 
of known temperature was one of the earliest methods by which 
it was sought to determine the “ ignition -temperatures ” or 
"ignition-points ” of tlie mixtures, and the values so obtained by 
different observer.s are still often quoted, without qualification. 
Yet some qualification is necessary, for the results so obtained 
for a given mixture are dependent in a considerable degree on the 
experimental conditions — on the character of the heated surface, 
for example, and on the ratio its area bears to tlie volume of the 
mixture. So much so, that “ ignition-points determined by such 
a method as that of Mallard and Le Chatelier {Aiiu. Mines, 1883, 
[viii], 4, 280), who measured the temperature to whicli the walls 
of a porcelain vessel bad to be heated in order that the mixture 
undergoing test should inflame wlien it was rapidly admitted to 
the vessel, can only be regarded as possessing relative value. 

A definition of “ ignition-temperature ” (following Nenist's)^ 
which has received some acceptance, though it is recognised to be 
inadequate, is : The lowest temperature to which a mixture of 
combustible gas and air or oxygen must bo raised in order that 
the chemical action between the gas and the oxygen (unaided by 
exterior influences) can become so rapid as to produce flame. 

If a mixture of an inflammable gas, methane for example, and 
air is gradually raised in temperature (below its ignition- tempera- 
ture) thronghoiit its extent by some external source of heat, such 
as the heated "walls of a containing vessel, the rate of combination 
between the methane and the oxygen gradiially increases. Since 
this reaction is accompanied by an evolution of heat, the products 
of it, and, ipso facto, any unbnrnt mixture with which they mingle, 
are at a higher temperature than tlie external source of heat; 
and, inasipuph as an increasp ii\ temperature {luguients great! 
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the rate of reaction, there is a tendency for this rate of reaction 
to go on increasing until the whole of the methane, or of the 
oxygen, in the mixture is consumed. If, however, the initial 
temperature imparted to the mixture by the heated walls of the 
vessel is sufficiently liigh, the rate of reaction, being initially rapid, 
will soon become so rapid as to produce “ flame ” ; that is to say, 
the combination between oxygen and methane, instead of pro. 
ceeding at a steadily increasing speed to a conclusion (consequent 
on the exhaustion of one or other of the combining gases), ^vill 
bo completed couipara lively suddenly by the passage of flame 
through the mixture. 

It is clear iliat, for a given mixture, the value for the ignition- 
temperature as defined is not identical with the temperature 
existing in the mixture at the moment when flame actually makes 
its appearance. On the contrary, there must be a pre-flame period 
during which the rate of reaction is rapidly increasing. It will be 
understood, also, that the duration of this pre -flame period will 
vary with the character of the mixture, dependent on the rate of 
change of reaction- rate with temperature. Except under adiabatic 
conditions, also, the duration of the pre-fiame period will depend 
on the facilities that are provided for the transference of heat 
from the rapidly combining mixture to its surroundings. 

Now, the deflnition of “ ignition-temperature ” implies that heat 
shall be supplied to the mixture adiabatically, and that a specific 
property of the mixture will be measured. Herein, such nietliods 
as that of i\Iallard and Lc Chatelier fail ; for, lioweyer quickly the 
mixture of which the ignition- temperature is required is passed 
into the heated vessel, the whole volume cannot be raised at once 
to the temperature of the walls of the vessel, but those portions 
that reach the walls earliest will become raised in temperature 
fiirst. Apart from the fact that this unequal heating may cause 
the portion that ultimately ignites to be different in composition 
from the original mixture admitted to the vessel, there will be a 
loss of heat to, and through, the walls of the vessel. In order to 
cause the ignition of the mixture, the initial temperature of the 
walls of the vessel must, in fact, be so high that the rate at which 
heat is produced by the combustion of the “ layer ” of mixture 
■ adjacent to them is greater tiian the rate of loss of heat through 
them. For this reason, it is evident that when the source of heat 
is a solid surface the attainment by a mixture of a temperature 
that will render the reaction self-heating is dependent, not only 
on the chemical and physical characteristics of the mixture, but 
also on the character and extent of the solid surface. 

The importance, when attempting to determine the true ‘ igm* 
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tion-points ” of gaseous mixtures, of eliminating as far as possible 
the effect of contact with heated surfaces, was first pointed out by 
pixon and Coward (T,, 1909, 95 , 514), who devised a new method 
of experiment whereby streams of the inflammable gas and of the 
air (or oxygen) could be heated separately, pari pasm, and then 
allowed to mingle at a little distance from the ends of the tubes 
in which they were heated. This was found greatly to reduce, 
although not entirely to eliminate, the effect of surface action. 
The chief defect of the method, from the point of view of the 
present research, lies in the fact that it does not enable one to 
measure the variations in ignition-temperature that occur when 
the proportions of combustible gas and air in the mixtures are 
varied. The gas and air myigled with one another fortuitously, 
ind, presumably, the ignitiom temperature recorded for a particular 
combustible gas was that of its (indeterminate) most readily- 
ignited mixture wutli air, or oxygen, at atmospheric pressure. 

The main object of the present re.search was to determine which 
was the most readily-ignited mixture of methane and air at atmo- 
spheric pressure ; and not necessarily its true ignition-temperature. 
Despite the objections to Mallard and Le Chatelier’s method of 
experiment as means of measuring true “ ignition-points,’' it was 
therefore decided to employ a similar method, in the belief that 
relative values for different mixtures could best be obtained thereby. 

Details of the metliod used are given in the experimental portion 
of this paper; briefly, the mixtures, of known composition, were 
admitted rapidly to an evacuated cylindrical vessel of quartz, of 
81 c.c. capacity, which was heated in an electric tube-furnace. 
The lo^vGst temperature to which the W’alls of the vessel had to be 
heated in order that a given mixture should ignite W’hen admitted 
to it was taken to he the “ ignition-temperature ” of that mixture 
relative to that of other mixtures admitted to the same vessel. 
The results, which for mixtures of the same composition were 
remarkably constant (within V), were as follow : 


Methane, per cent, 
in air. 

2-00 

300 700 

3-95 096 

5-85 095 

7-00 697 


per cent. Relative ignition- 


in air. 

temperature. 

8-00 

701“ 

8*80 

707 

10‘00 

714 

11-75 

724 

14-35 

742 


Relative ignition- Methane, 
teraperature. 

711 ^ 


It will be noticed that the ignition of mixtures containing pr< 
portions of methane that are outside the limits of inflammabilii 
at atmospheric temperature is recorded; such mixtures can pr, 
P gate flame at the much higher temperatures near their ignitioi 
mpera ures. Thus, when the mixture ii| at a temperature ( 
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600*, the lower limit of inflammability of methane (dowti’ward 
propagation of flame) is 3-35 per cent, (see T., 1918, 113, 45). 

The results are shown graphically in Fig. 1 (curve A), aiiuih, 
results obtained by Taffanel and Lc Floch {Compt. rend., 

157, 469), who used quartz vessels of 15 o.c. (curve B) and 275 c,c. 
(curve C) capacity, being also shown. According to all three 
curves, the mixtures most readily ignited by a heated surface 
maintained in contact with them contain betw'cen 6 and 6 per 
cent, of methane. 

The decrease observed iu the “ ignition-temperature for a given 
mixture as the size of the heated vessel is increased can be explained 


Fia. 1. 



on the following considerations (see Le Chatclicr “ Le Carbone, 
ro6l Paris 1908) '. If two curves, .1 and B (Fig. 2), arc traced 

which ’represent, as a function of temperature, (.4) the hea 

generated, in calorics per unit of time, by the combustion of he 
mixture and (B) the heat transmitted hy the hiirnmg mi.x 
to ‘the walls of the vessel, A will show a rapid increase m th 
amount of heat generated, whilst B will be a 
be taneential to A when the conditions arc such that gnit o 
tL nature can just be effected; the point, C, at which lUj 
the temperature axis being “ ignition-temiKratur rf ^ 
mivture under the conditions of experiment. The , 

heat generated by the combustion of the 
to its volume, although the rate of increase m the quapti y 
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temperature w not affected, so that the shape of eurt-e A m!l] 
alter when the size of the heated vessel is increased On thfj 
hand, the rate at which the heat of the buniiiig gases is f * 
mifted to the walls of the vessel is proportional te L area of X 
walls, so that the inclination of curve B from i ‘ " 
vary with the ratio ^n.face/volnn.r:/t “ . ^l 
that ratio is less, fter a larger ve.s.sel, therefore, a clve | If: 
he drawn, tangential to .4 and cutting the temperatnre Lxi; a 2 
Jower Ignition -temperature/^ C\ 

If the catalysing power possessed hy the material of which the 
heated vessel is made is considerable (as it would be if a metaJlte 


Fig. 2 . 



w £ s t,£r - 7-' -£t:;re£, 

‘hereby clelaL^ m 

snrrounding the heated -irfir' "*" ] ‘“‘mc'diatolv 
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the mixture. This effect of “ surface-combustion ” is illustrated hy 
some experiments by Gautier and Helier {Compt. re7td,y 1896, 122, 
566) when using electrolytic gas ( 2 H 2 + O 2 ) as the inflammable 
mixture. On passing a stream of this mixture slowly through a 
heated tube packed with porous porcelain, no flame appeared until 
a temperature of 840® was attained; whereas for the same mixture 
Mallard and Le Chatclier found a temperature of 550® to be sufficient 
when using an unpacked lube. 


Pig. 3. 



A smooth quartz surface is a poor catalyst for the combustion 
of methane, and it is permissible to assume that the catalytic power 
per unit of area possessed by the material used by Tafianel an 
Le Floch for their reaction vessels was low and not very different 
from that of our vessel. We can then construct a curve, for any 
of the mixtures of methane and air, showing the variation m 
observed “ ignition-temperature ” with size of reaction- vessel, an 
thus gain some idea of the extent to which the observed values are 
departures from the true values. This has been done m Tig- 
for mixtures containiug 7-0 and 12.0 per cent, of me hane ti 
relative ignition-temperatures being plotted against 
Buiface /volume for the three veesela, of 16, 81, and 275 c.c. cap > 
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respectively. The curves are hyperbolic and, although eitrapolation 
with a view to determine the true ignition-temperatures is in- 
admissible, we can judge how far the values recorded when the 
largest vessel was used are from those which would he obtained 
could the effects of surface combustion be eliminated and the 
conditions of heating be rendered adiabatic. As already stated, 
however, w^e are not primarily concerned, in this part of our 
research, with the determination of ignition- temperatures of 
mixtures of methane and air as physical constants; but we aim 
to record the relative ignitibilities of the different mixtures. 

The mixtures of methane and air that are found to be most 
sensitive to ignition by a heated surface maintained in contact 
with them are those containing between 5 and 6 per cent, of 
methane; the most explosive mixtures (9-5 to 10-0 per cent, of 
methane) are decidedly more difficult to ignite by a source of 
heat of this character. Before considering this result further, it 
is desirable to examine another method whereby the sensitiveness 
of the mixtures to ignition by a heated surface can be measured, 
namely, the determination of the duration of the pre- flame period. 

The Pre-Jlame Period. 

We have already explained that the appearance of flame in a 
mixture cannot synchronise with the attainment of its ignition- 
temperature; there must always be an interval of time during 
which the self-heating of the mixture, wffiich ultimately results in 
flame, is taking place. This interval may be so short (as with 
mixtures of hydrogen and oxygen) as to bo barely measurable; 
or, as with mixtures of methane and air, it may be so long as to 
he readily noticeable. 

Mallard and Le Chatelicr {loc. cit.) first commented on the fact, 
which they thought to be peculiar to methane, that a mixture 
does not inflame as soon as it attains its “ ignition -temperature,’* 
as represented by the temperature of the heated w^alls of a vessel 
to which it is admitted; and that mixtures of methane and air 
can, in fact, be maintained during several seconds at temperatures 
considerably higher than their ignition- temperatures without 
inflaming. This “ retard A rinflamraation ” they found to be as 
great as ten seconds for mixtures of methane and air in a vessel 
heated at a temperature of 650*^. The “ lag on ignition ” diminished 
as the temperature of the vessel w’as increased and became 
inappreciable at 1000“. 

The subject was studied more closely by Taffanel and Lc Floch 
{Compt. rend., 1913, 156, 1544), wffio made careful measurements 
of the “ lags ” for different mixtures of methane and air, using as 
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the means of ignition a quartz bulb of 300 c.c. capacity heated at 
temperatures of 700^ 800°, 900°, and 1000°, as follows : 


Lag on Ignilmi. Seconds, (Taffand and Le Flock.) 


Teniporature '<00'’ 

Methane in air, per cent. 

6-5 

8^0 0 - f )2 

100 — 

12-0 — 


o 

o 

900® 

1000^ 

0-72 

0-19 

nil 

0-08 

0-24 

nil 

M2 

033 

014 

1-73 

0-30 

nil 


The explanation of the “ retard a I’ inflammation advanced Ly 
Mallard and Le Chatolicr was that the rate of reaction with 
mixtures of metliaue and air when dry was too slow, and that a 
certain amount of water vapour had to be formed by slow com- 
bustion before the rate could acquire the requisite speed; an 
explanation founded on Dixon’s observations regarding the 
influence of moisture on the ignition of carbon monoxide by an 
electric spark. Taffaiiel and Lc Floch have shown this analogy 
to be incorrect; nevertheless, the magnitude of the lag with 
the paraffins (it is greater still with the higher members of the 
series) can be ascribed to their protracted mode of combustion, 
and exemplifies the fact that the duration of the pre-flame period 
depends essentially on the rate of change of rcactioii-ratc with 
temperature. 

According to our cxperiineiiis, the lag on ignilion, with, a number 
of mixtures containing betucen 2'0 and 1.3‘0 per cent, of methane, 
lasted between ten and fifteen seconds when the heated ves>:>el 
was just at the “ relative iguition-temperature ” for each mixture. 
With the vessel at higher temperatures, the lags were of shod or 
duration ; tliey were constant for a given mixture and could be 
measured with considerable accuracy. The results can be con- 
veniently shown graphically, as in Fig. 4, in which, for several 
different temperatures .of the reaction-vessel, percentages^ of 
metlmne arc plotted against their lags on ignition (in seconds).^" 

The more ready igiiitibilily of mixiures containing an excess of 
oxygen is emphasised by these experiments. In each series, the 
source of heat was at a higher temperature than the iguitioii- 
temperatiirc of any of tlie mixtures, and it will be seen that, m 
each instance, the lag on ignition was of shortest duration wit i 
the mixture containing the lowest percentage of methane, i 
source of heat of given intensity, of the same character as that 


* A curve represeiilmg llio e.-iperiniciUs of Tallancl and Le Bloch at 900 
is included ia Fig. 4 ; when comparing thi.s curve witli ours, it must jeme ^ 
bered that the reaction -vessel used by Tafianel and Le Floe was 
capacity (300 c.c. as compared with*'8l c.c.) than ours. 
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employed in the experiments, would have to remain in contact 
longer with, say, a 10 per cent, mixture of methane and air than 
\nth one containing 6 per cent, in order to ignite it. 

As the temperature of the source of heat was increased beyond 
the “ relative ignition- temperature ” of a given mixture, the 
duration of the lag rapidly decreased (see Fig. 5), and it may be 
assumed that at temperatures of about 1200® the ignition of any 
of the mixtures would be nearly instantaneous ; how nearly instan- 
taneous it is of importance to determine (as regards the ignition 
of mixtures of firedamp and air in coal mines) and research on this 
subject, which requires more refined methods of time- measurement 


Fio. 4. 



Methane in air. Per cent. 


than those used for the work described in tliis pa]>er, is in progress. 
From the slope of the curves in Fig. 4 it can be judged that, wlien 
the heated surface is at a temperature so much above the ignition- 
temperatures of the mixtures as 1200®, differences in the duration 
of the lags as between one mixture and another almost disappear, 
and that, to differentiate between the ignitibilities *’ of tlm 
mixtures wlien exposed to such a source of licat, very small 
intervals of time liavc to bo measured. 

Judged by two standards, mixtures of methane aiid air con- 
taining an excess of oxygen are the most readily ignited by a 
heated surface. This is most clearly shown by the measurements 
0 the time taken for flame to appear when the mixtures were 
exposed to a surface heated at a higher temperature than their 
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ignition-temperatures (Fig. 4) ; and it is shown also by their relative 
^ignition-temperatures (Fig. 1). The natural inference is that, at 
a given temperature, the rate of reaction between methane and 
oxygen increases with the oxygen concentration. This wq have 
actually found to be so, in experiments in which different mixtures 
of methane and air were slowly circulated over a porcelain surface 


Fio. 5. 



heated at 450’ ; but the explanation is still to seek. The tentative 
suggestion by Dixon and Crofts, to account for similar results 
obtained with mixtures of hydrogen and oxygen (T., ^ ’ 

2027), that the oxygen is “activated,’^ docs not cover all the 
known facts; unless one assumes that oxygen is thus “ activate 
only when in the presence of certain inflammable gases and not m 
the presence of all. If this is so, we still require to know n y i 
is that some gases have this effedt and others have not. 
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Turning now to a conaideration of the igniting power of the 
soarce of heat, as distinct from the ignitibility of the mixture, it 
ig obvious that this is dependent on the conditions under which 
it is presented to the mixture to be ignited. We have shown that, 
under certain experimental conditions, a quartz surface heated at 
a temperature of 775° would not ignite any mixture of methane 
and air if it was allowed to remain in contact with the mixture 
during only one second. What, then, would be the igniting 
power— the incendivity— of such a surface, maintained at such a 
temperature, were the mixtures to flow past or circulate around 
itl It would then seem probable that, inasmuch as the time of 
contact between any given portion of the mixture and the surface 
might well be less than one second, because of the continuous 
renewal of the mixture by the moving current, it could not cause 
ignition. Such was the experience of Mallard and Le Chatelier 
ill their earliest attempts to determine ignition -temperatures by 
causing the mixtures to flow through heated tubes; a higher 
temperature was required for the heated surface to ignite a current 
of a given mixture flowing through the tube, an observation con- 
llrmcd by Meyer and Freyer [Ber., 1892, 25 , 622). 

In order to ignite a given mixture, the source of heat (the heated 
walls of the quartz vessel in the present instance), besides being of 
sufficient temperature, must be maintained in contact with the 
mixture during the period of acceleration of the rate of reaction 
which ultimately results in the production of flame (that is, during 
the imriod of “ lag otherwise the acceleration will be retarded 
The incendivity of a heated surface depends, therefore, on (ff) 
iciiipeiaturc and (i) its duration, or its time of contact u^ith the 
mixture. To tliese m\ist be added (c) its catalysing power, which, 
by. inducing flanu']es.s combustion, reduces the incendivitv of the 
surface. 


K X P E R I M E N T A L. 

Tlie apparatus consisted essentially of a transparent quartz bulb 
»’0 cm. long and of 3-5 cm. internal diameter, connected by wide- 
bore tubing througli mercury-seal taps ^vith a gas-liolder, and a 
recording pressure-gauge. The bulb, and sonm of the connecting 
tubing, lay within a platinum-wound, electric-resistance tube- 
urnace, the winding of which was so aiTanired that a uniform 
temperature, over the range 500-^800°, was Obtained along that 
poition of rile tube occupied by the quartz bulb, which fitted 
ose y withm the furnace. Temperatures were recorded by means 
the furnlertubT^^^”^^ thermo-couple, lying between the bulb and 

The gas-holder contained the rcqnired mixture of methane and 
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air over a mixture of glycerol and water in equal parts by volume 
Each mixture was analysed before use and was prepared frQjQ 
methane (of 90*8 per cent, purity), obtained by the liquefaction 
and fractional distillation of firedamp, and air, purified by passing 
through a dilute solution of potassium hydroxide. Connexion 
could be made, through a three-way T-tap on the gas-holder 
^\^th a vacuum pump. 

The pressure-gauge traced, on a smoked paper chart attached 
to a revolving drum, a continuous graph of the pressure within 
the quartz vessel, thus recording (a) (Fig. 6) the moment when the 
previously evacuated vessel was filled with the inflammable mixtuic 
at atmospheric pressure, and (6) the moment when a sudden rise 
in pressure, indicative of inflammation, occurred. The interval 
between (a) and (6) represented the “ lag on ignition.” Half- 

Fig. 6. 



seconds were recorded on the revolving chart by an electro-magnetic 
stylus. 

When conducting an experiment to determine the “ignition- 
temperature ” of a mixture, a constant temperature was obtained 
by regulating the electric current passing in the furnace, and was 
maintained during half- an- hour before a determination was made; 
two hours were allowed to elapse between successive determinations, 
The volume of gas required to fill the vessel at atmospheric pressure 
at the experimental temperature was calculated, and that volume 
(together with the small amount required to occupy dead space) 
was allow'cd quickly to enter the evacuated system from the gas- 
holder. If ignition occ\irred, flame could be observed through a 
window in the electric furnace, or the movement of the pressure 
gauge could be w^atchod. The method of determination was that 
of “ trial and error,” and an accuracy within 1*^ is believed to have 
been obtained. 





m'SKAl CHEMISTEr OF THE OXIDES OF IFaI, . 

. pAjiT VI. 9001 

At the beginning of tlie invostiMfio., 
ponenced, dne, apparently, to a oW^'n ‘”’^‘''0 wa,, ex- 
of tlis qtiarte surface, which mariifestcrf if.of "" Power 

iras admitted to the licatec! vessel and »ll ^ if air 

night, for example), and was noticeable aTfJ" 
remained evacuated for any Icmtii f r '''“ssol 

temperature” of a given mixture “tended mj!’ , 
treatment. This trouble was overcome Iw 
after each determination with nitron,, ‘T 
remain, at atmospheric pressure within’ -r'.^ to 

it wa.s rerpiircd for the next determination ' until 

observed in the ignition. temperatures of ' 

air, as determined in this apparatus durinol “^1 

he assumed that the regular treatment of f i* can 

has preserved constant its catalysing power. ' ‘’’™ 

JIIMCS DEP.uiTsmKT Kx,.EB,«EXT.ir. hlirms- ' 

!!sa,iE.,r.s. CcirBimusn. , 

[ <ecuref/, Avgv.f^t 1900 ] 

Physical dhemistru of the n -j 
P art VI. The 

Lead Dioxide. Prlumoire of Lrml and 

S.AMUEr, Glas<;to\e. 
a previous commiiniealinji /fEn-rs 1 
eiectrofflotive behaviour of oIccfroKi^ic’ f 
c'-pUmed hy assumi„,, the presenr,! , .a '1 ''Cen 

i'lgher unstable oxide, possihly PhO t "I of a 

evidence of the e.xistenee of su'el, a, tiite ^'’^lier 

' ‘ iwlari-salion and di.iciiaroe of lof ’ '‘'T^imciits, 

I" carried out. Sm <> , , T 

J::r. ■;» “*'»" o«S;, , 



GLASSTONB : 


m2 

saturated with lead monoxide. Observations and measurements 
to be described in the present paper, however, appear to show that 
oxygen evolution at a lead anode takes place through the inter, 
mediate formation of an unstable oxide, more highly oxygenated 
than the dioxide. Lorenz and Lauber {Z, Elektrockem., 1909 ^ 
15 , 157 ) polarised lead plates anodically in sulphuric acid and 
followed the back E.M.F. by discharging through a high resistance. 
Fourteen different halts in the discharge potential were reported, 
eight of which were said to correspond with the electrode potentials 
of the oxides of lead measured by Streintz and Neumann {Wud, 
Annalen, 1890, 41 , 97). Lorenz and Lauber make no mention 
of an oxide higher than the dioxide, although it may be pointed 
out that a potential of 2-05 volts is attributed to the electrode 
Pb]Pb 02 (which is actually PbOalPhSO^, owing to the instability 
of the system lead-lead dioxide in sulphuric acid), and to the 
potential of the electrode Pb|PbS 04 is given the probably correct 
value of -0'29 volt. From these figures, the ordinary lead 
accumulator should have an E.M.F. of 2*34 volts, whicli ia, of 
course, much higher than the actual value. The second halt in 
the discharge potential was found to he 1-62 volts; this probably 
represents the reaction Pb ' — ^ Pb {that is, Pb 02 }PbS 04 ], for 
then the lead accumulator should have an EJLF. of 1-91 volts, 
which is in close agreement with the actual value if the sul]jliuric 
acid is about 2iV. It therefore appears that llie potential of 2*05 
volts is to be attributed to an oxide higher than the dioxide. 


Experimental. 


A simple cell was made up consisting of a platinum foil kathode, 
6 sq cm. in area, and an anode of either ])urc lead (series I and IT) 
or lead dioxide (series III and IV). Tlie anodic potential was 
measured during charge and discharge by comparison with a 
standard mercuric oxide.half-clenient, tlie connecting tube of whieli 
was drawn out into a iiue jet, whicli pressed close up against the 


The anode was a small sheet of lead connected with a platinum 
wire; the whole was completely waxed over, and an area 0 a ou 
2 sq. cm. of the lead scraped clean and bright. A small pit ja® 
made in the surface, and the jet of the standard electro c 
into it. The clectroljde used in this series was A-sodium ’ 

and all measurements were made at room temperature (abou b 
The direct anodic potential (with current 
from time to time, with different current densities. Wit 
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densities, up to 0'025 amp./cni.^, the anodic potential remained 
almost constant at —0*53 volt; lead dieaolved at the anode, but 
there was no evolution of oxygen. At the kathode, however, 
lead was deposited and also hydrogen evolved, consequently more 
lead went into solution than was deposited. The potential of 
^0-53 volt corresponds with that of the half-element Pb|PbO 
.V-NaOH (—0-56 volt), the small dilferenco being probably duo 
to concentration polarisation. The action at the anode is there- 
fore the discharge of OIT ions, and the dissolution of lead as 

plumbite : 

30ir 4- Pb + 2 @ = HPbO/ + H^O. 

A certain amount of lead also went into solution as bivalent 
plumbous ions : 

Pb + 20H' + 2 © - Pb(OH).. Pb'* i 20H'. 

If the current density is increased further, for example, to 0*03 
amp./cm4, after a few minutes the current, as registered on an 
antmetor in the circuit, will suddenly decrease to about one-half 
of its previous value, and at the same time a dark grey film will 
be seen to creep across the hitherto clean surface of the lead anode. 
Coincident with this, the anodic potential suddenly rises to 0-70 
volt, but there is still no evolution of oxygen, A much higher 
potential is now necessary to cause lead to dissolve, passivation 
being undoubtedly due to the visible coating of oxide. This is 
probably the dioxide, since neither lead sesqui oxide nor red lead, 
both of which give plumbous ions in solution (see Part IV, this vol., 
p. 1456), w^ould be likely to cause such a large increase of potential, 
namely, from —0*53 to 0*70 volt. The lead is apparently dissolving 
as plumbic and plumbate ions : 

Pb + 40H' + 4 @ Pb(OH)4 ^ Pb’"* f 40H'. 

Pb -f 60H' + 4 @ = Pb03''+ SH^O. 

The presence of plumbate in the electrolyte may be readily 
shown by the addition of dilute nitric acid, when a precipitate of 
lead dioxide is formed. 

After a few more minutes, a further, but smaller, decrease in 
the current occurs, and a black film now' passes over the surface of 
the anode. At the same time, the anode potential rises to ITS 
volts, and when the dark film completely covers the anode, evolution 
of oxygen commences. This second film, which causes such a 
high anodic potential, is very probably a higher oxide; since 
evolution of oxygen takes place only after the formation of this 
it appears that gas formation is due to the continual form- 
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ation and decomposition of this higher oxide * Foerater 
physikal. CAem., 1909, 69, 230) and Gruhe (2, Elehtroclien., 

16, 621) have similarly correlated the evolution of oxygen at a 
platinum anode with the formation of the oxide PtOa, and possibly 
Pt04. Similar conclusions have been drawn by Muller 
1907, 13, 133) and Foerster [loc. cit,) for the evolution of oxyg^ 
at copper, nickel, and iridium anodes. 

If the current density is kept constant at 0*03 amp./cm.2, the 
anodic potential rises slowly to 1-26 volts, but no further cliangea 
occur. 

Newbery (T., 1916, 109, 1066) measured the overvoltage at a 
lead anode in A^-sodiuiii hydroxide, using the commutator method; 
only one overvoltage (■ondilioii is mentioned, namely, 0-6 to 1-0 
volt (that is, an anodic potential of FO to FI volts) depending on 
the current dcn.sity. These hgurcs correspond with the third 
anodic potential of the present series of measurements. 

DiscMrge Potcnticd. -Aitev three h.ours’ polarisation at 
amp./ern.'^, the current was stopped, and the potential of the anode 
during self -discharge measiired against lluit of a standard electrode. 
The initial fall from F 20 to 0-82 volt occuj)ied thirty- two seconds, 
and therefore very little of tlic high potential at the anode could 
have been due to the '' transfer resistaaice of oxide or gas film. 
During subsequent disehai’ge, lasting lucuty-ono minutes, there 
was an indication of a break at 0*59 volt, a perfectly delinito halt 
at 0-29 to 0*25 volt, and then a rapid drop to — 0-56 volt. On 
allowing the electrode to stand, the potential rose again to 029 
volt, at which value it remained for some time. The possible halt 
at 0-o9 volt docs not correspond with any known potential of the 
lead oxides, but tire break at 0-29 to 0-25 volt v'as evidently due 
to mixtures, or more probably, solid solutions of lead monoxide, 
sesquioxide, and red lead, clcctromotively active with lead dioxide. 
After the discharge, a light brown coating of oxide had formed on 
the anode, and analysis showed it to contain lead monoxide and 
dioxide in the ratio of 1 : O-So. This composition would agree Avith 
that of tlie mixture or solid solution suggested to account for the 
measured potential. 

Eecharging of a iJi-'ichaygKfl Anode . — The results obtained on 
rechargiiig a discliarged anode v;crc sub.stantially the same as 

* Since the completion of this \\oiiv in April 1922, Grnbe {Z. hlehirochm., 
1922, 28, 273) luis reporied tlio rr-sulfs of a .set of experiments similar to 
those in series 1. A uLiinhcr of llie iigures given «rc identical with Ihoso 
quoted above, but wlievcas (hrubo is apr^arently of the ophiioii that the 
potential of O-TU volt is the beginning of a second ftlage which goes on gradually 
to about 1 volt, the present autliur, as e. result of his observations, concludes 
that these two voltages represent two distinct stages of anodic reaction. 
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those obtained with a fresh anode. At small current densities, 
the lead was found to dissolve in the bivalent condition at an 
anodic potential of —0-53 volt ; with higher densities, the potential 
rose to D'7 volt, and the oxide film was dark brown. It thus 
appears that lead coated with sesquioxide or red lead will still 
dissolve in the bivalent condition at low potential, conseciuently 
the film formed at 0'70 volt must be the dioxide. Unfortunately, 
it was not found possible to coat a lead surface with an oxide that 
could be definitely stated to be the dioxide, in order to confirm 
the view that the second stage of anodic potential is due to lead 
dioxide. 

AddiiioRal Experiments . — By applying a fairly large current 
density, for example, 0-05 amp./cm.^, evolution of oxygen took 
place almost immediately at an anodic potential of 1-20 volts, 
rising to 1*30 volts; the intermediate stages were not observed. 
If the current density was now reduced, for example, to 0-008 
amp. /cm the gas evolution was maintained at a potential of 
0-93 volt. Further, if the polarising current wa.s interrupted for 
some seconds, and then renewed at a low density, insufficient to 
cause evolution of oxygen at a fresh or discharged anode, gas evolu- 
tion recommenced immediately. It appears t liat gas evolution takes 
place through the intermediate formation of an oxide, some of 
which would still be present on the anode even after the polarising 
current was stopped, rather than through a gas film only, which 
would have been rapidly destroyed on breaking the current. 

Ecrics II. 

The anode used w^as identical with tlie one cniplo^^d in series I, 
but the electrolyte was A-sodium hydroxide saturated with lead 
monoxide. The three different stages of anodic potential were 
again observed, oxygen being evolved only when the potential 
had risen to 0-9 — 1-0 volt. The latter stage was reached at a 
lower current density than in series I, probably owing to the fact 
that lead dioxide is readily deposited by the electrolysis of plumbite 
solutions, and therefore it would not be necessary to wait for the 
oxidation of the lead anode. The following potent i a Is were obtained 
after ten minutes’ polarisation at different current densities : 

Current. dgnsily (amp, /cm.”) 0-006 0 017 0-03 O Of) 

Potential 0-90 0-92 O-Ob l-OO Ml volt 

On the whole, the potentials arc lower than thr)sc oldaincd in 
series I, corresponding with the fact noted in previous work (Part V, 
this vol., p. 1469) that the unstable higher oxide decomposes more 
readily in a solution of alkaline plumbite than in alkali alone. 
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During discharge a very rapid fall of potential to 0'7 or 0'5 volt 
occurred, depending on the initial potential before discharge. A 
definite decrease in the rate of fall occurred between 0-33 aj.(l 
0-23 volt, after which the potential fell rapidly to —0-56 volt. 


Series III A, 


The anode used was a sheet of platinum foil, 3 sq. cm. in area, 
covered with electrolytic lead dioxide which had become stabilised 
as a result of keeping in a mixture of lead monoxide and A -sodium 
hydroxide (compare Part V). The electrolyte used was A^-sodium 
hydroxide, and the anodic potentials obtained after ten minutcEi’ 
polarisation at different current densities were : 


Current density (amp./cm.®) 0-002 

Potential 0*97 


0-007 0-015 0-03 0-06 0-2 

1.08 1-12 M7 1-24 1-33 volt 


In the case of very low current densities (for example, 0-0012 
amp. /cm the potential gradually rose from 0-72 volt to 0-91 volt, 
evolution of oxygen taking place only at the higher voltage. No 
other overvoltage stage was observed. 

On allowing the anode to discharge after an hour's polarisation 
at a potential of 1-33 volts, the potential fell to 0-88 volt in thirty 
seconds, and therefore, as in series I, very little of the high potential 
could have been due to transfer resistance. Prom 0-78 volt, the 
rate of self- discharge was so small that the anode was discharged 
by short-circuiting with a PblPbO A-NaOH electrode of fairly 
large capacity. Halts were observed at 0-40 and 0-27 volt. On 
keeping in open circuit, the potential of the anode recovered to 
0-29 volt ; both these values and the colour of the anodic deposit 
suggested the presence of lead sesquioxide. During the initial 
self-discharge, evolution of oxygen was distinctly visible at the 
anode. It should be noted that in addition to the halts observed 
with a lead anode, there is also a break at 0-40 volt; as previously 
suggested (see Part V), this may be due to an oxide of platinum. 


Series III B. 

In this series, freshly deposited electrolytic lead dioxide on 
platinum was used as anode, the electrolyte being, as before, 
A’-sodium hydroxide. The anodic potentials were slightly higher 
than in series III B for the same current densities : 


Current density (amp. /cm.*) ... 0 hOla PSG volt 

Potential 


The higher potentials are probably due to the fact that the 
electrolytic dioxide already contains some of ® ° . 

which is responsible for the high potentials. After one ho 
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polarisation, the rate of self -discharge was so slow as to be inex- 
plicable by any other means than that of the decomposition of an 
6>xide. The potential at the time of interrupting the polarising 
current was 1-36 volts, and the subserpient potentials were : 


Timfi (secs.) 

Potential . 


12 55 105 150 260 270 

1-02 0-02 0-88 0-S66 0-862 0-842 volt 


On allowing to discharge by short-circuiting with a Pb|PhO 
electrode, the usual halts at 0-40 and 0-30 volt were observed. 

Using the so-called hydrate<l lead dioxide (Wernicke, Pogg. 
Annalen, 1870, 139, 132) deposited on platinum, the results 
obtained during charge and discharge were quite similar to those 
obtained with lead dioxide deposited from lead nitrate solutions 
(compare Part V). 

Series 1 V. 


Series III .4 and B were repeated, using A' -sodium hydroxide 
saturated with lead monoxide as electrolyte. The results obtained 
were almost identical with tliose obtained in series III, except that 
the rate of self -discharge was much greater, for example, from 
1-30 to 0-84 volts in three seconds. 

In series II and IV, where the electrolyte had contained sodium 
plumbite, a yellow precipitate formed round the anode during the 
passage of the polarising current. A specimen of this was w'ashed 
and dried and found to contain monoxide and dioxide in the ratio 
of 1 : 0-63, and to lose 10'35 per cent, of its weight on heating. 
This analysis agrees well with that of a mixture of Pb 203 , 3 H 20 
and PbOj^HgO. The plumbite solution has thus been anodically 
oxidised to plumbate, and the sesquioxide precipitated as a result 
of the plumbite-plumbate-hydroxyl equilibrium asserting itself 
(Part IV, k>c. cit.). Grube {Z. Elektrochem., 1922, 28 , 273) has 
recently observed the anodic oxidation of plumbite to plumbate; 
in concentrated alkali solution, the solid plumbate is precipitated, 
Becqiierel {Ann. Chim. Phg.9., 1843, [iii], 8, 402), Beetz {Pogg. 
Annalen, 1844, 61, 209), and Elbs and Forsscll {loc. cit.) all noted 
the formation of this yellow precipitate during the direct electrolysis 
of plumbite solutions, but although the presence of lead dioxide 
in some form w’as observed, no mention was made of the sesquioxide. 
Jirsa {Z. phgsikal. Chem., 1920, 94 , 1 ), using an alternating current 
of 49 periods, found that plumbite is oxidi.sed to plumbate at 
various electrodes, and that lead sesquioxide is formed at palladium 
electrodes. 

Co7idusio}}. 

Evolution of oxygen at a lead or lead dioxide anode takes place 
at almost identical potentials. In the latter case, the presence of 
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a higher oxide has been indicated by the slow fall of potential 
on self-discharge, whilst, in the former, the appearance of a black 
film, which is probably not the dioxide, corresponds with a sudden 
increase of anodic potential and to evolution of oxygen, 
these two points of view, there seems very little doubt that evolution 
of oxygen at lead or lead dioxide anodes is due to the intermediate 
formation of an unstable higher oxide, which is probably present 
only in very small amounts in solid solution in the dioxide. 

Fery (J. Physique^ 1916, 6, 21, 187) claimed to have proved 
that the activity of a lead accumulator is due to the presence of 
one or more liigher oxides of lead. Meinnes, Adler, and Joubert 
{Trans, Amer, Electrockem,. Soc., 1920, 37 , 641) examined the 
evidence and concluded that not only had Fery not proved that 
the activity of the accumulator is due to an oxide higher than 
the dioxide, but also he had not even shown that such an oxide 
exists. The present author has confirmed these conclusions, but 
is of opinion that the initial high EJLF. of a lead accumulator 
obtained soon after charging may be due to an unstable higher 
oxide present only in extremely small amount. 

The author’s best thanks are due to Professor A. J. Allmand for 
his interest in this work. 

Ukiversity Colleoe, Exeter. [Received, July Slat, 1922.] 


CCLI.— TAe Isomerism of the Oximes. Part X. 
Cinnam- and Nitrodnnam-aldoximes, 

By Oscar Lisle Brady and Clifford Dane Thomas. 

Previous work (Brady and Dunn, T., 1916, 109 , 650) has shown that 
Hantzsch’s original method (Hanlzsch and Miolati, Z. physikaL 
Ckem., 1892, 10 , 1 ; Hantzsch, ihid., 1894, 13 , 509) for the deter- 
mination of the configuration of the aldoximes is the only satisfactory 
one. This method consists in treating the oxime with warm, pure 
acetic anhydride and subsequently decomposing the excess of 
anhydride with sodium carbonate solution. In some cases, an 
acetyl derivative is formed, which, on hydrolysis with 2iV- sodium 
hydroxide, regenerates the original oxime, w^hilst in others the 
corresponding nitrile is produced ; occasionally, an acetyl compound 
is formed, which, however, is at once decomposed by 2 sodium 
hydroxide, giving the nitrile (compare Wentw'orth and Brady, T., 
1920, 117 , 1045). To the first class of oximes is given the anti’ and 
to the second the -configuration. 



THE ISOMERISM OP THE OXIMES. PART X. 


2099 


On this criterion, the'aliphatic aldoxiraes differ from benzaldoxime 
and substituted benzaldoximes in that, as ordinarily prepared, they 
‘have the syn- as opposed to the a^^ii-configuration ; further, these 
^yn-compounds, unlike the benzsynaldoxirnes, are stable and do not 
readily undergo isomeric change (compare Dollfu.s, Ber,, 1892, 25 , 
1908). Particular interest attaches, therefore, to oximes of the tyi)c 
of cinnamaldoxime in which the oximino-group is at the end of a 
chain and a benzene ring is also present in the molecule. It would 
be expected that such compounds would approximate to the aliphatic 
type, but this has not been borne out by the results now obtained. 

The oximes of cinnam aldehyde have been investigated by Bam- 
berger and Goldschmidt [Ber., 1894, 27 , 8429), Avho showed that by 
the action of hydro xylamine hydrochloride on the aldehyde in the 
presence of aqueous sodium hydroxide a mixture of the two oximes 
was produced. These were oriented by Hantzsch’s method (see 
also DoUfus, loc. and it was shown also that the wili^ could be 
converted into the ^y^-isomeridc in the usual way through the 
hydrochloride. Beyond this, little has been done with this class 
of compound. The effect of substitution in the ring on the relative 
stability of the isomerides in the case of the benzaldoximes is so 
puzzling that the investigation of the substituted cinnamaldoximes 
has been undertaken. Contrary to expectation, it luis been found 
that the oximes as usually prepared from o-, m-^ and p-nitrocinnam- 
aldehydes possess the -configuration, and so far it has not been 
possible to obtain the -derivatives in the usual way. Bamberger 
and GoldsclimidPs method for the preparation of the mixture of 
cinnamau/i- and cinnam.9?/«-aldoximes gave a low-melting product 
from which it was difficult to obtain satisfactory yields of either 
isomcridc in a pure condition, and variou.s modifications of their 
process have been tried. Whilst it has been possible to devise a 
method giving fairly satisfactory yields of the a -compound, no 
improvement has been effected in the preparation of the anti- 
derivative by direct oximation. In comiexion with another investi- 
gation, the benzoyl derivative, obtained from cimiam-sy/mldoximc 
by Bornemann {Ber., 1886, 19 , 1512) by the Schotteii-Baumann 
reaction, was prepared. Bornemann s work w^as done before the 
isomerism of the aldoximes had been observed, but his derivative 
IS described in Richter’s ‘‘ Lexicon ” as benzoyloinnam.^jy/mldoxime. 
When, however, this compound was hydrolysed with sodium 
hydroxide solution, it was found that, instead of cinnamonitrile, 
an oxime melting at 76° was produced. The anU-oximo extracted 
from the oximation product of cinnamaldehyde by Bamberger and 
oldschmidts method was found to melt rather indefinitely at 
4 6o as stated by these authors, aiuj. it seemed at first as if a new 
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isomeride had been obtained. It was found, however, that the 
oxime melting at 76^ gave the same acetyl derivative and the 
benzyl and dinitrophenyl ethers as that melting at 64 — 65°, and tha*' 
it was coiu^erted through the hydrochloride into the original cinnam. 
syaaldoximc. Further, a mixture of the two substances melted 
between 64° and 76°, according to the proportions taken. Investi- 
gation of the method of separation employed by Bamberger and 
Goldschmidt, namely, extraction with light petroleum, showed that 
the syn -compound was appreciably soluble in this solvent when hot 
but very sparingly soluble when cold. Under these conditions it 
is common experience that it is a matter of considerable difficulty 
to obtain the more soluble compound pure, and there seems no 
reason to doubt that Bamberger and Goldschmidt’s anti -oxime was 
contaminated with the 5y»-derivative. 

Cinnam6^y^?aldoxiiue is apparently quite stable under normal 
conditions. Unlike benz5y?mldoxime, it is not changed into the 
anti- isomeride by traces of hydrochloric acid, and its solution in 
2A"-sodium hydroxide, when heated on the water-bath for an hour 
or kept at room temperature for a week, undergoes no change, the 
-oxime being precipitated therefrom by carbon dioxide or by 
dilute acids. The conversion of a stable 6y?i-oxime into the anti^ 
isomeride in this way through the benzoyl derivative differs from 
aU other cases of oxime isomeric change so far investigated, and 
promises interesting developments. 

Although the s-yu -oxime is the main product of the oximation of 
cinnam aldehyde, wdien the aldehyde is acted on by oc-benzylhydroxyl- 
amine the a/di-G-benzyl ether is almost exclusively formed ; a very 
small quantity of a higher- melting product Avas obtained, insufficient, 
however, for further investigation. 

The carhanilino -derivatives of cinnamanfri and cinnamsyn- 
aldoxime and of the three nitrocinnamauffaldoximes have been 
studied. The four a/df-oximes with phenylcarbimide give carb* 
anilino- compounds which, on hydrolysis with sodium hydroxide, 
regenerate the original oximes, and therefore the anri-configuration 
may be assigned to them. In no case is there any evidence of the 
primary formation of the 5?/??. -carbanilino -derivative as is the case 
with the action of phenylcarbimide on //i-nitrobenza«^ialdoxime and 
on benzart^mldoxime (compare Brady and Dunn, T,, 1916, 109. 
669), With cinnamst/naldoxime in dry ethereal solution, phenyl- 
carbimide gives an immediate precipitate of a bright yellow carb- 
anilino- derivative which, on hydrolysis, yields cinnamonitrile. 
This compound dissolves slightly in most cold organic solvents, 
giving a yellow solution, but such solutions rapidly lose their colour, 
especially on warming, the cqinpound being converted into a colour- 
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less form which also yields cinnamonitrile on hydrolysis. Both 
these compounds, on keeping, decompose in a manner similar to 
other carhanilino-derivatives of -oximes studied by Dunn and 
one of us. 

The formation of yellow and colourless forms of the carbanilino- 
derivatives from 5i/«-aldoximes has been observed by Goldschmidt 
and van Rietschoten [Ber., 1893 , 26 , 2089 ) in the case of carbanilino- 
aniss^^^aldoxime and carbo-o-toluidinoanissy/7,aldoxime, but no 
explanation of the phenomenon has been suggested. The reaction 
does mot appear to be a general one, and may be an intermediate 
stage in the formation of the cyclic structure of the carbanilino- 
derivativcs of the oximes which has been suggested by Dunn and 
one of 113 (I -> II, below). 

As the shift in the absorption of oximino- compounds towards the 
visible end of the spectrum and consequent development of a yellow 
colour seem to be associated with a quinquevalent nitrogen atom 
(compare Brady, T., 1914 , 105 , 2104 ), there is some reason for retain- 
ing such a nitrogen atom in the yellow carbanilino-compound. The 
theory previously propounded involves the oxime reacting in the 
tautomeric form (T) and addition taking place at the nitrogen- 
oxygen and nitrogen-carbon double bonds. If the first stage of the 
addition is at the nitrogen-oxygen double bond, the reaction would 
take place as follows : 

0,H,N:0;0 

HN:0 HN-0-CO-N*CfiH, HN-Q-CO 

(I.) (in.) (ID 

formula III representing the unstable yellow carbanilino-compound. 
Another alternative would be the formation of the compound IV, 
but it seems unlikely that this Avould readily undergo isomeric change. 
The possibihty that the yellow derivative has formula II and that 
the colourless compound is the normal carhanilino- derivative (V) 


(IV.) 


R.CH 

CjHs-NH-CO-NIO 


R'CH 


(V.) 


IS open to two objections ; first, there seems to be no reason why the 
cyclic compound should be coloured and, secondly, it has been 
shown (Brady and Dunn, loc. at.) that the migi’ation of the liydrogen 
atom in the cyclic compound and consequent reformation of the 
carbon-nitrogen double bond result in tlie inversion of tlie configur- 
ation of the resulting carbanilino-derivative. It must be confessed 
that these views are very speculative, l)ut it is hoped to bring forward 
more experimental evidence at a later date. 

While on this question, some mentiun must be made of a paper 
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by Atack {T., 1921, 119 , 1175) in which certain statements are made 
which need refutation. This author states that “ Brady and Duim 
satisfactorily disposed of Goldschmidt’s supposed proof of the 
structural identity of isomeric oximes by showing that phenylcarb* 
imide gives identical compounds from both the syn- and anil 
isomerides.” This statement is misleading, and shows a lack of 
understanding of the subject. Goldschmidt’s argument was that 
phenylcarbimide would probably react differently with the two 
oximes as formulated by Beckmann, giving in one case a caibanilino- 
derivative and in the other a substituted carbamide : 

R-CHINOH + CgH^-NICIO -> R-CHlN-O'CC-roC^H^ 

R*CH-NH + CgHs-NIClO R-CH-N'CO'NH-CgHs, 

O' ''O' 

and that the latter compound would be more stable than are the 

carbanilino-derivatives of the syn-aldoximes. The work of Bunti 

and one of us showed that in certain cases “ by the action of phenyl- 

carbimide on the -oximes a certain quantity of carbaniUno- 5 y/|. 

derivative is produced, if, indeed, this compound is not the primary 

product of the reaction.” It was found that p-dimethylamino* 

benzarj^ialdoxime and 3 : 4-dimethoxybenzanfmldoxime gave almost 

exclusively a sya-carbanilino-derivative, but under similar conditions 

0 - and m-nitrobenza/i^faldoximes and benzuntialdoximes gave a 

mixture of the mil- and -derivatives, and it has now been shown 

that cinnamaafialdoxime and its three nit ro- derivatives give anli- 

carbardlino-dcTivatives. This does not invalidate Goldschmidt’s 

argument against the Beckmann formula, and certainly confirms 

rather than disproves the identity of structure of the isomeric oximes. 

Indeed, it is very difficult to explain the action of phenylcarbimide 

and many other reagents, unless it is assumed with Bunn and one 

of us that the oximes exist in st ere oiso meric forms and also react 

. , R-CH , R-OH 

in the tautomeric forms 1 1 and 1 1 

o:xH hn:o 

The claim made in previous papers was that the use, suggested by 
Goldschmidt, of phenylcarbimide as an agent for the determination 
of the configuration of oximes was not satisfactory. Atack also 
criticises the explanation put forward of the mechanism of the form- 
ation of the sy?i-carb aniline -derivative from the aa^i-oxime. He 
objects that the suggestion is scarcely an explanation, as it merely 
assumes that phenylcarbimide first converts the anti- into the sp- 
isomeride. That such conversion takes place was the whole point 
of the argument brought forward, namely, that under the influence 
of additive reagents, for example, hydrogen chloride or phenyl- 
carbimide, the carbon-nitrogen double bond was ruptured, resulting 
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• some cases in inversion of the configuration of the oxime. Experi- 
tDental work bearing on this question and on other criticisms of Ataok 
p in hand, and will be made the subject of a further communication. 

Experimental. 

Qinmmmti- and Oinnam&yn-aldoxime . — The original method 
of Bamberger and Goldschmidt {loc. cit.) was slightly modified as 
regards temperature and time of reaction, as it was found that by 
this means a less resinous product was obtained. Twenty-six grama 
of freshly distilled cinnamaldehyde were added to 250 c.c. of water 
followed by 14 grams of hydroxylamine hydrochloride in 50 cx*. of 
water and 24 grams of sodium hydroxide in 100 c.c. of water, and the 
mixture was shaken. Reaction took place at once and the oil 
dissolved as the sodium salt of the oxime. After remaining for two 
jiours the solution was saturated with carbon dioxide, the oily 
precipitated oxime extracted with ether, the ethereal solution dried 
over anhydrous sodium sulphate and allowed to evaporate spontane- 
ously. In this way, there was obtained a mixture of the anii- and 
.s’^oe-isomerides. The mixture was extracted with boiling light 
petroleum, and from the decanted solvent, on cooling, crude cinnam- 
fl./ihaldoxime separated as a white, crystalline powder. After 
filtering off the precipitate, the petroleum was again used for extrac- 
tion of the residue, three extrac tions in all being given. The product 
from the last extraction was, however, rnucli contaminated with 
the syn-oxiine. The residue was then worked up for cinnam,<?yw- 
aldoxime by crystallisation from benzene. Tlie crude anli-oxime 
melted in the neighbourhood of 04°, as stated by Bamberger and 
Goldschmidt, but not at all sharply. Crystallisation from light 
petroleum did not improve the purity of the compound to any 
appreciable extent. The difficulty in purification is explicable by 
the fact that ciimamsy? 2 aldoximc is appreciably sohible in boiling 
light petroleum and being less soluble than the a/df-isomeride in 
the cold solvent, it separates out with it. 

The amount of oxime isolated by this process was small and 
indicated that the amount present in tlie mixture was less than would 
be anticipated from its low melting point. It seemed po.ssible that 
another compound was present, especially in view of the large 
quantity of resinous material obtained on evaporating the benzene 
after crystallising out the syn-oxinK\ The formation of resinous 
substances seems to be a usual concomitant of reactions with 
cinnamaldehyde, and may be due to polymerisation under the 
influence of alkali. It was noticed that in the absence of alkali a 
cleaner product was obtained (see btdow) ; no success, however, has 
attended efforts to isolate other eompo\inds. Attempts to increase 
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the quantity of o»<i-oxime formed by carrying out the oximation as 
above at 0° or by acting on the aldehyde with free hydroxyUmijj 
in alcohol or pyridine solution were unsuccessful, 

The best method for preparing pure cinnamantialdoxime consists 
in hydrolysing benzoylcinnamuRiialdoxirue, which may be prepared 
from the oximation mixture (see below). The benzoyl compound was 
heated on the water-bath for an hour with excess of 2Af-sodiuiii 
hydroxide, when a clear solution was obtained. After cooling, this 
was saturated with carbon dioxide, the precipitated oxime dissolved 
in a small quantity of alcohol, and the cold solution poured into 
four times its volume of water with vigorous stirring, when cinnatn. 
STiiialdoxiirfe separated in colourless needles melting at 76°. 

For the preparation of cinnain.$i/ualdoxirae, a modification of 
Beckmann’s method (Anmkn, 1909, 365 , 261) was found to be the 
most satisfactory. The aldehyde was dissolved m alcohol, and 
slightly more than one molecular proportion of hydroxylamine 
hydrochloride in concentrated aqueous solution added. After 
leaving for twenty-four hours in a stoppered bottle at room tempera- 
ture, the solution was diluted, the precipitated oxime dried, extracted 
several times with light petroleum to remove any of the auh-isomer- 
ide and crystallised from the minimum amount of boiling benzene. 
Many solvents were tried, but benzene proved to be the only satis- 
factOTy one ; excess of solvent must be avoided or great loss of yield 
results, as the oxime is moderately soluble in the cold benzene. 
Addition of light petroleum to lessen the solubility results in a less 
pure product being obtained. ^ 

Benzoylcinmmsintialdoxime, CfiH5’CH.CH-CH.ISiO‘CO*C6H5.— 

Seven grams of cinnamsi/naldoxime, or of the mixture of oxime., 
obtained in the oximation of cinnamaldehyde, were stirred into 
28 grams of benzoyl chloride in small portions at a time, care bemg 
taken to avoid rise in temperature. The mixture was added to 
200 c.c. of 2A-sodium hydroxide and shaken vigorously “r ™rty 
minutes. The lumps which formed were broken up and left in 
contact with the alkali over-night. The solid was separated, washed 
with water, and crystallised from alcohol, when benzoy ci^aininh.. 
aldoxime separated in long, white needles melting at 122 (bound • 
C = 76-3; H = 5-3. Calc,, C = 75-6; H ^ 5-2 per cent.). Th» 
compound is obviously that obtained by Bornemann 
19 , 1512) and described in Richter’s “ Lexicon as benzoy 

synaldoxime. r'HPl,rH-OH-NO-CO-NHPh. 

Carbanilinocinmms.nUaldoxime, CHPh.CH-t . 

—Three grams of cinnarnuu/ialdoxime were dissolved 

dry ether' 2.4 grams of phenylearbimide in 50 Jle^fS 

and the solution left ovcr-niglit m a stoppered bott . 
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rated, so the ether was removed in a vacuum desiccator at room 
temperature. A yellow solid remained which was somewhat oily 
and 'vas purified by crystallisation from benzene and light petroleum, 
when the carbanilino-compound separated as almost white, rect- 
angular crystals melting and decomposing at ISS'" (Found : N = 
10-4. C16H14O2N2 requires N = 10-5 per cent.). 

The carbanilino-compound was hydrolysed by heating on the 
water-bath with 2^-sodium hydroxide for an hour, when almost 
the whole of the solid had dissolved ; the solution w^as diluted some- 
^vhat, filtered, extracted with ether to remove aniline and diphenyl- 
carbamide formed from the decomposition of the phenylcarbamic 
acid and the aqueous solution saturated with carbon dioxide. An 
oily precipitate was obtained which was extracted with ether; 
after removing the solvent at room temperature, an oil w^as obtained 
which, on keeping and scratching, solidified and after crystallisation 
from light petroleum was found to be the original cinnamflw.iialdoxime 
by its melting point and mixed melting point with that compound. 

Carbanilinocinminsymldoxime. — Cinnam.sywaldoxirae was dis- 
solved in dry ether, and phenylcarbimide (1 mol.) in dry ether added. 
A carbanihno- compound was at once precipitated as a bright yellow 
compound. This was filtered off, washed thoroughly \vith ether, 
and dried on a porous plate. Thus obtained, it consisted of a bright 
yellow, micro-crystalline powder melting at 76^^ ; it dissolved slightly 
in cold alcohol or acetone to a yellow solution which completely 
lost its colour on gentle w'arming. On boihng with alcohol, the 
vcllow compound dissolved to a colourless solution ^vhich, on cooling, 
deposited a w^hite carba]ii lino- derivative melting and decomposing 
at 84°. All attempts to crystallise the yellow compound w'ere 
unsuccessful owing to the readiness with which it changed into the 
white derivative; however, its method of preparation makes it 
reasonable to suppose that it was fairly pure. 

Both white and yellow compounds were hydrolysed by heating 
on the water- bath with 2 A -sodium hydroxide. Some ammonia 
was evolved and an oil mixed w ilh solid remained suspended in the 
liquid. The mixture was cooled, diluted, and extracted with ether ; 
on acidifying the alkaline solution, a faint opalescence was obtained, 
but no oxime was found. The ether extract was evaporated, when 
an oil and a solid were obtained ; the oil w’as removed by washing 
with a little alcohol, and the solid found to be diphenylcarbamide. 
The alcoholic solution was found to contain aniline and, on heating 
with 30 per cent, sodium hydroxide solution, ammonia was evolved 
and cinnamic acid obtained after acidification, indicating the 
presence of cinnamonitrile in the oil. Both yellow' and wdiitc com- 
pounds, on keeping even in the dark^ decompose giving aniline, 
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diphenylcarbamidc, and cinnamonitrile. They behave, therefoi^ 
in an analogous manner to other carbanilino-^ynaldoximes {compatJ 
Brady and Dunn, T., 1916, 109 , 655). 

Yellow compound, Found : N = 10'5; JIf (by depression offree^ 
ing point of naphthalene) — 249, White compound, . 
N = 10-7. CjgHj 402 N 2 requires N = 10-5 per cent. ; if == 266 

Cfnnum antiaMoxime-2 : i-dinitropkenyl Ether ^ 

C6H5'Ch:gh*ch:n-0‘C6H3(N02)2. 

— Two grams of cinnainan/ialdoxime, extracted from the oximatioi, 
mixture by the method of Bamberger and Goldschmidt, were dis 
solved in c.c. of alcohol together with 1 gram of 2 ; 4-dinitrochloro 
benzene and heated on the water-bath ; 6 c.c. of 10 per cent, sodium 
hydroxide were then added, when a dark coloration was imtantlv 
produced and after a few seconds the dinitrophenyl ether separated 
This was collected, washed with alcohol, in which it is very sparingly 
soluble, and crystallised from boiling acetone, when it was obtained 
as a pale yellow, crystalline powder melting and decomposing, \vhrjj 
rapidly heated, at 188^ (Found : N — 134. requires 

N = 134 per cent.). The same compound was formed from tlie 
cinnamunfmldoxiine obtained by hydrolysis of the benzoyl compound 
Cinnams>iiimldoxime-0-benzyl Ether^ CHPh'.CH'CHlN'O’CHjPk 
— 24 Grams of cinnaman^ialdoxime, obtained both from the crude 
oximation mixture and by hydrolysis of the benzoyl compound, 
were dissolved in alcohol, 0-37 gram of sodium dissolved in 
alcohol was added together with 2 grams of benzyl chloride, and 
the mixture boiled under reflux for thirty minutes. Excess ol 
water w^as added and the oil which separated extracted with ether. 
On removing the solvent, the residue slowly solidified, and after 
pressing on a porous plate to free from oil it was crystallised from 
alcohol, when the 0- benzyl ether .separated in colourless, rectangular 
plates melting at 88° (Found : N — 5’9. requires K =; d-H 

per cent.). 

Equimolecular amounts of cinnamaldehydc, sodium ethoxide, 
and a-benzylhydroxylamine hvelro chloride in alcohol were left at 
room temperature for seventy-two hours. The solution was diluted 
somew’hat and the solid which .separated crystallised three times 
from alcohol, when c inn a ma/dialdoxime-Q- benzyl ether separated; 
it was shown to be identical with the compound prepared abov« 
by its melting point and mixed melting point with that compoimd. 
The original motlier-Iiquor, on keeping, deposited a few crystal 
melting at 123°, which may be the cinnam^ywaldoxime-O-beiuvl 
other, but the amount was insuflicient for further investigation 
Several attempts have been made to prepare the derivative br 
the action of benzyl chloride on the silver salt of cinnamiy^ialdoxiflift 
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; but without success. The silver salt rapidly blackens and in most 
case>s only an uucrystallisable oil was obtained, although in one 
; experiment ciimamaw^ialdoxime- 0-benzyl ether was isolated from 
the product. 

Cini^maldoxime-'K ’benzyl Ether, CHPh;CH’CHIN(tO)*CH2ph. 
mixture of 4 grams of cinnamsynaldoxime, 3-5 grams of benzyl 
chloride, and M grams of sodium hydroxide in alcoholic solution 
was boiled under reflux for thirty minutes. On diluting with water, 
a milky emulsion was obtained which, on vigorous .stirring, deposited 
a brown, somewhat oily solid. This was separated, washed with a 
small quantity of ether, and the clean yellow solid whiq|i remained 
crystallised from alcohol, when the lY-benzyl ether was obtained in 
very pale yellow, glistening plates melting at 130 '". This compound 
is obvioTisly identical witli the A'-benzyl ether of cinnamaldoxime 
prepared by Neubauer {Animlen, 1897 , 298 , 192 ) by the action of 
j3-beiizylhydroxylamine on cinnainaldehyde. 

m^NitrocinmmSintialdoxime, N02‘CgH4-CH;CH'CH:NOH.— Five 
grams of m-nitrocinnamaldehydc were suspended in 100 c.c. of alcohol, 
2 grams of hydroxylamine hydrochloride in a minimum amount of 
water added, followed by 30 c.c. of 10 per cent, sodium hydroxide. 
The aldehyde dissolved rapidly and after an hour the mixture was 
diluted and the oxime precipitated with dilute hydrochloric acid. 
Crystallised from alcohol, the oxime separated in yellow, rectangular 
plates melting at 157^ (Found : N = U-8. CgHgOaNa requires 
N — 14-6 per cent.}. Search in the mother-liquor from the crystalli- 
sation failed to show the presence of an isomeride. The oxime was 
also prepared by Beckmann’s metliod {loc. cit.) by warming at 60° 
equimolcciilar amounts of the aldehyde and hydroxylamine hydro- 
chloride for some hours in alcoholic solution, "ibis method usually 
gives the ^yw-isomeride where one is obtainable, but on cooling 
the mixture and pouring into sodium carbonate .solution the anti^ 
oxime was again obtained. 


/lce(i/i.m-ni«ro(;m)Mmantiai(fox-)TOe,C8H5-CH:CH'CH:X-0-C0-CH3. 

—the above oxime was dissolved in acetic anhydride at 30’ and tlie 
excess of anhydride decomposed by the addition of a large excess 
01 sodium carbonate solution. The solid which separated was 
crystallised from alcohol, when tho acetyl compound separated as 
pale lemon-coloured plates melting at 130’ (Found: N = 12-2. 

on the , 'TT ^ 0" liydroly^is by heating 

was reve™ a \ 2A -.sodium hydro.xide, the original oxime 
r^enerated, showing that it posscs.sed the aidi-coniiguration. 

weS m-rntrocinnamoidialdoxime 

After coif “■’.f anhydride for an hour, 
lag, e excess of anhydride, was decomposed bv slmking 

4 L* 2 
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with sodium carbonate solution, and the precipitated nitrile 
crystallised from alcohol with the addition of a little animal charcoal 
m^NitrocinmmonUrile forms pale yellow needles melting at 
(Found: N — 16-2. requires N = 16-1 per cent) 

In this preparation, it is not sufficient to heat on the water- bath as 
in many other cases for the preparation of nitriles from oximes. 
these circumstances, the acetyl derivative of the oxime is formed 
which is unusually stable. 

Carhanilino-m-nitrociv navmniialdoxime, 

NOg-CfiH^'CIKCH'CKIN-O’CO-NH-CsHg. 

— To a solution of 1-0 grams of nMutrocinnamanlialdoxime in 120 c.c 
of dry ether, 1 gram of pheuylcarbimide was added. After leaving 
for two days in the dark, practically all the carbanilino- derivative 
had crystallised out in large, hexagonal crystals. These were re- 
moved, washed with ether, and found to melt and decompose at 
137°. On crystallisation from alcohol, the compound was obtained 
in pale yellow^ needles melting and decomposing at 140°. No change 
in configuration seems to take place during recrystallisation (Found: 
N 1 3*7 . C j gH 13 O 4 N 3 requires N — 1 3 ■ 5 per cent . ) . The compound 
was hydrolysed by heating on the water- bath for thirty minutes 
with 2 xV -sodium hydi'oxide. i\aiUne was recognised by its odour 
and, after cooling, carbon dioxide precipitated the original oxime. 

O'Nitrocinmmdiniialdoxime, N 02 *CqH 4 ’CHICH*CH 1 N 0 H.— Equi- 
molecular quantities of o-uitrocinnamaldcliyde and hydroxylamine 
hydrochloride in alcohol w’erc heated at G0° for three hours. The 
solution w^as diluted with water, and the precipitated oxime 
crystallised from alcohol , when it separated as fawn-coloured, pearly 
leaflets melting at 134° (Found : N — 14‘6. CgHgOgNg requires 
N ~ 14-0 per cent.). An alternative and quicker method of prepar- 
ation consisted in dissolving 0 grams of sodium hydroxide in 50 c.c. 
of w’ater and adding thereto 2-5 grams of hydroxylamine hydro- 
chloride in a little water. The solution was then added to 5 grams 
of o-nitrocinnamaldehyde suspended in 25 c.c. of wutcr, and the 
mixture shaken for ten minutes, when a clear orange solution was 
obtained; this was diluted with an equal volume of w’ater, and the 
oxime precipitated witli carbon dioxide. 

ArAiyl-o-yiUrociRnam.Siniialdoxi)m, 

NO.-CeH^-CHICH'CH-.N'O-CO'CHg. 

— This compound, prc'pared from o-nitrocinnaiua?t^ialdoxiine in 
an analogous way to the m-derivative, crystallises from benzene in. 
white crystals melting at 107° (Fo\ind : N — 12-0. CiiHi<j 04 N 2 
requires N = 12’0 per cent.). On hydrolysis in the usual way, the 
original oxime was regenerated, thus establisliing the awii-confignr' 
ation of the latter. 
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CsHg-CHICH-CHIN-O-CO'NH-CeHs. 

^To a solution of 1*6 grams of o-nitrocinnamayi^ialdoxime in 70 c.c. 
of dry ether, 1 gram of phenylcarbimide was added, when the liquid 
became deep yellow, but no solid separated. After leaving over- 
night, the ether was evaporated in a vacuum and a yellow oil obtained 
which soon solidified. The solid was crystallised from alcohol, when 
the carbanilino-compound separated as a bright yellow, crystalline 
powder melting at 104® and decomposing below 110° (Found: 
X = l3-7« requires N = 13-5 per cent.). On hydrolysis 

as in the case of the w? -derivative, the original oxime was produced. 

^.^itrocinnamsiXiUaldoxvne . — This compound has been prepared 
bv Einhorn and Gehrcnbeck {Annalen, 1889, 253, 349), but its 
conftt^uration has not been determined. These workers treated the 
aldehyde in alcohol with hydroxylamine hydrochloride and sodium 
carbonate. It was found, however, that a cleaner product w^as 
obtained by using the method of Beckmann and thus avoiding the 
presence of alkali. Although this method is usually employed 
to obtain the syw-oxime, in this case the same compoimd as that 
obtained by Einhorn and Gehrenbeck was formed, which proved to 
be the a^iti-oxime by the behaviour of its acetyl derivative on 
hydrolysis. Equimolecular quantities of the aldehyde and hydroxyl- 
amine hydrochloride were heated in alcoholic solution at 50® for 
three hours, the oxime w'as precipitated by dilution, and crystallised 
from alcohol. 

Acdyl''p-nitrocinna7y}aLni\aldox{me. — This compound, prepared in 
the usual way, crystallises from alcohol in deep yellow octahedra 
melting at 158® (Found: N — 12-3. requires N — 12*0 

per cent.). On hydrolysis, it regenerates the original oxime. 

'p-Nitrodnimrnonitrilc. — This compound, prepared in an analogous 
way to the m-nitro-derivative, crystallises from alcohol in yellowish- 
brown needles melting at 202® (Found : X ~ 164. C9Hg02N2 
i’equire.s N = 16-1 per cent.). 

Carha7iiU7io-^-nitrocin7iamaiY\t\aldo.rime. — ^j-Xitrocinnamaa^mld- 
oxirac was dissolved in dry ether, and phenylcarbimide (1 mol.) 
added. On keeping, the carbanilino-cojnponnd separated as yellow' 
crystals which, after washing with dry ether and crystallising from 
benzene, melted at 133® (Found : X 13-8. 015411304X3 requires 
N = 13-5 per cent.). This compound was hydrolysed by heating 
on the water-bath with 2A^sodium hydroxide. Tlie clear solution 
obtained was saturated with carbon dioxide, when p-nitrocinnam- 
aTiiialdoxime was precipitated. During the hydrolysis, a small 
amount of ammonia was evolved and on acidifying the carbonate 
solution a little p-nitrociniiaraio acid w'as precipitated. There 
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appears, therefore, to be some i>itrile formed ^he hydro ysi* 

Jliich is farther decomposed ; as, however, almost all the oarbamlm„. 
derivative was hydrolysed to the oxime, there can be little doaht 
of its configuration. 

The authors wish to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has, in part 
defrayed the cost of this work, and to the Department of Scientific and 
Tndusteial Research for a maintenance grant to one of us (C. D. T.). 

The Raiph 2m, 1922,] 

University Coli.eoe, London. l 

CCLIL— r/ie Oxime of Mesoxamide (isoNitrosomahn- 

amide) and some Allied Compounds. Part IV. Tk 
Ethers of isoNitrosomalonanilide, isomtrosmalrn- 
dimethylamide, and isoNitrosomahndibenzylamik. 
By Artiiub Geo™ Rendai.l and >Iaetha Ankie Whitkley. 
It was shoiim by one of us (Whiteley. T., 1903, M, 24) that the 

and-substituted derivatives of isonitrosomalonamide, notably no- 
nhrosomalonanilide, exist in two isomeric forms d.Hering in eotar 
aJ solubility but mutually convertible by heating, by the acta 
orsolvents and by the action of acids on solutions of the alkali 
salts Similar isomerism has been observed in other aonitroso- 

. .iski.! «“pi" 

derivatives of eaiuphor and epicamphor, each of \shich has 

structural differences in the molecu cs of the tw^ , 

simplest explanation, based on the fa ^ 

coloured and the other colourless, coloured compound 

ox:ime and i-sooxime structure respectively, vjresent in the 

having the conjugated double linkage that is not present 

colourless isomeride {Whiteley, loc. cii.) 

* 


PhHN-C-C— C-NHPh 

0 NOH o 


PhHN-C — C— fj-NHPb 

0 /h >0 0 


Yellow mnitrosomalonanilide. Colourless isorntrosomaloria 
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If this is the correct explanation of the isomerism occurring in 
this series of t^onitroso-compounds, the ethers might be expected 
to exhibit similar isomerism, the coloured isomeride yielding an 
oxygen and the colourless isomeride a nitrogen ether, and these 
on hydrolysis should yield the a- and p-alkylhydroxylamine, 
respectively, as was obtained by Beckmann [Ber,, 1889, 22, 
537 1521) in the case of the isomeric benzyl ethers of benzald- 
oxime. 

By the action of the alkyl iodide on iso nitrosoma Ion anilide in 
benzene solution and in the presence of dry silver oxide, colour ~ 
Jiss ethers were the only products and the yield was about 85 per 
cent- of that theoretically possible. The ethers were precipitated 
from the benzene medium in association with the silver iodide as 
greenish-yellow to orange solids, insoluble and stable in benzene, 
ether, or petroleum, but decomposed by boiling alcohol, yielding a 
solution of the ether and a residue of silver iodide. The methyl, 
ethyl, n- and t50- propyl, and n- butyl ethers of i-wnitrosomalon- 
anilide were prepared by this method ; they are well-defined, 
crystalline, colourless compounds, the melting point becoming 
lower, but the stability of the double compound with silver iodide 
increasing, as the series is ascended (see table). 

In the preparation of the ethers of wonitrosomalondimethylamide 
by the same method, it was found that the methyl, ethyl, and 
isopropyl ethers were insoluble in benzene, but did not form double 
compounds with the silver iodide, the precipitate being a grey, 
heterogeneous mixture of the silver iodide and oxide with the 
colourless crystalline ether. The propyl and n- butyl ethers, on 
the other hand, remained in solution in the benzene, from w^hich 
they were extracted by water. With the exception of the ethyl 
compound, the melting points of the ethers of isoiiitrosomalon- 
dimethylamide become lower as the series is ascended (see table). 

The methyl and ethyl ethers of i^onitrosomalondibenzylamide, 
similarly prepared by the silver oxide and alkyl iodide method, did 
not form double compounds with the silver iodide, but remained 
in solution in the benzene, and w'ere isolated by evaporation of 
the solvent and subsequent crystallisation. These ethers are also 
colourless and the ethyl ether has the lower melting point (see 
table). 

M. p. of ethers of M. p. of ethers of M. p, of ethers of 
iaonitrosomalon- isonitrosomalou- isonitrosomalon- 

auilide. dimethylamide, dibenzylamide. 

194'’ lar 83-6“ 

166 133 73-5 

156 94 

170 128 

136-5 66 


Ether. 
Methyl ... 

Ethyl 

n-Propyl 
woPropyl 
n- Butyl ... 



KENDALL AND WHITELEY : 


As the ethers of these fsoiiitroso-compounds prepared by the 
silver oxide method— that is potentially through the silver salt^ 
showed no isomerism, attempts were made to prepare the methyl 
ethers by the action of diazomethane, and in the case of wonitroso. 
malonanilide the colourless ether, m. p. 194'", and also an isomeric 
yellow ether, ra. p. 147" (decomp.), were obtained. The yellow- 
ether is unstable and readily converted into the colourless isomeride 
by the action of solvents, whilst the converse change cannot he 
brought about. The relative amounts of the two forms of the 
ether* are the same whether the yellow or colourless isomeride of 
isonitrosomalonanilide is thus methylated, but are influenced hy 
the nature of the solvent in which the reaction takes place; in 
alcoholic solution, the product is a mixture of the yellow and 
colourless isomcrides, whilst in etlier solution the yellow ether is 
the sole product. 

All attempts to prepare the methyl ether of isonitrosomalon. 
dimethylamide by the action of diazomethane were unsuccessful. 
On adding the ethereal solution of diazomethane to the wonitroso- 
compound suspended in ether, there was a vigorous evolution of 
nitrogen, indicating that methylation was taking place, but the 
product was a syrup with a green fluorescence from which no 
definite compound could be isolated. It gave the yellow alkali 
and purple ferrous salts characteristic of the wonitroso- compounds 
of this series, and may be possibly wonitrosomalontetram ethyl- 
amide, (CO-NMcolaCINOH, as it resembles the crude product 
obtained by the action of nitrosyl chloride on the condensation 
product of malonyl chloride with dimethylamine. 

The value of methyl sulphate as a methylating agent on com- 
pounds of the i 5 onitroso-type was also studied; in the case of 
wonitrosomalonanilide, it was found that the potassium salt, in 
the presence of potassium carbonate, was readily converted into 
the methyl ether by the action of methyl sulphate at the ordinal}^ 
temperature, the colourless ether, m. p. 194", being the sole product, 

The foregoing results indicate that only those uonitroso-denv 
atives of the substituted malonamides that exhibit isomerism yield 
isomeric forms of ethers, for in the three cases studied, mmtmo- 
malonanilide, that exists in a colourless and in a yellow torm, 
yields a colourless and a yellow methyl ether; whilst isonitroso- 

malondimethylamide and wonitrosomalondibenzylamide, tovn 

only in the colourless forms, yield only colourless 

The extension of the investigation to the ethers of ^ . 

nitroso-derivatives of the substituted malonamides m wlucli 
yellow isomeride is more stable than the colourless form has e 
to such far-reaching results that these will form the su je 
separate communication. 
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Assuming that the difference in stpcture between the yellow 
d colourless ethers of isoiutrosomalonanilide is similar to that 
ested for the two forms of the isonitroso-compound itself, 
^'^mely, that the yellow ether is the oxygen and the colourless 
"ther the nitrogen ether, it might be regarded as anomalous that 
the colourless ether should be produced by the action of methyl 
• on the t’sonitroso-compound in the presence of silver oxide, 
^ presumably the silver salt, (PhHN’CO),C:NOAg, would be 
formed first, and this should interact by double decomposition 
ith the methyl iodide to yield the coloured or oxygen ether : 

(PhHN-COlaCINOAg + McI - Agl + (PhHN-CO) 2 C:NOMe. 

In this connexion, it is important to remember that the colourless 
ether was not obtained directly ; the first product of the reaction 
was a yellow double compound of the ether with silver iodide, 
which was decomposed by boiling with alcohol. It is probable, 
therefore, that this compound is an additive compound of the silver 
salt with' methyl iodide, which is stable in benzene and other non- 
hydroxylic solvents, but decomposed by alcohol to yield silver 
iodide and the colourless nitrogen ether according to the equations 

Me 

(PhHN-CO),C:NOAg (PhHN-CO),C=N-I 

OAg 0 

(PhHN'CO)2C— + Agl. 
The yellow or oxygen ether is the sole product when diazo- 
methane reacts vuth isonitrosomalonanilide in dry ether solution, 
in which solvent the yellow form of the wonitroso-com pound is 
the more stable, whilst in alcoholic solution a mixture of the 
vellow O-ether and the colourless A^-ether is obtained. Since, 
"however, the 0-ether is very unstable and readily converted by 
the action of alcoholic solvents into the A’-cther, it is probable 
that the yellow or 0- ether is the sole product of the reaction 
between Isonitrosomalonanilide and diazomethane, the colourless 
or A^ether arising from subsequent isomerisation in the alcoholic 
solution (I). This is the more probable seeing that diazomethane 
appears to have no methylating action on the /<wnitroso-group of 
yonitrosomalondimethylamide, w^hich (‘xists only in the colourless 
or nitrogen form (II). 

(I.) (PhHN'CO)jC:N-OH + CH2<l'i = + 

jN 

(PhHN-C0)jC:N-0-CH3 -> (PhHN-C0)2C<^’®^3 

ai.) (MeNH-C0)2C<^^ + 2CHi.<n = (Me2N-CO)2C<^ ^ + iNj 

, (probable). 
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Hydrolysis of isoNitrosoimlomnilide and its Ethers, 

It was hoped that the hydrolysis of the ethers of wonitrosomalon. 
anilide would throw some light on the structure of these compounds, 
the 0- and iV-ethers yielding the corresponding a- and p-alkyl. 
hydroxylamines, respectively, together with mesoxanilide . 

(PhHN*C0)2C:N0R -t- HgO = (PhUN-COjaCO + NH^-OR 

(PhHN-CO),C<J^ + HjO = (PhHN'COaCO + NHR-OH 

Experiment showed, however, that i^onitrosomalonanilide does not 
yield hydroxylamine, nor its ethers the alkyl derivatives of hydroxyl- 
amine, on hydrolysis. w’oNitrosomalonanilide is remarkably stable 
tDAvar^ hydrolysing agents, and prolonged heating with acids 
causes profound decomposition. The ethers behave like the esters 
of weak acids on hydrolysis, yielding the alcohol and wonitroso- 
malonanilide. 

(PhHN-COjaCIN'OR + = (PhHN'COjsCIN-OH -f R-OH 


Reduction of isoN itrosomalonanilide and its Ethers. 

It might be expected that the two forms of wonitrosomalonaniiide 
would yield the same product, aminormhnanilide, on complete 
reduction, with the intermediate formation of the hydroxylamino- 
compound in the case of the coloured or 0-form (I), and of the imiw- 
compoimd in the case of the colourless or iV-form (11) : 

(1.) (PhHN-C0)2C:N0H (PhHN-C0)2CH‘NH’0H — ^ 

^ (PhHN-CO)2CH-NH2. 


(II, ) {PhHN-C0)2C< 


I 

0 


r(PhHN-C0)2C<™=] -> 

(PhHN-CO),C:NH -> (PhHN-COl^CH-NH, 
On the other hand, the O-form of the ether should yield alkyl 
oxmminoimhmnilide on partial and aminojmlonamUde on complete 
reduction (III); whilst the .V-form of the ether should furnish 
alkyliminomalonaniluk or minomalomnilide as the intermediate 
compound, and alkyhminomalonanilide. or ammomahmmlvk as 
the final product, according as water (IV) or alcohol (V) were split 
off from the unstable intermediate hydroxy-compound : 

imo (PhHK.C0),c:».0E ^ 

(IV.) {PhHN*C0)2C:NH + R*OH->(PhHN-CO)2CH’NH2 


(PhHN-C0)2C< 


0 


. (PhHN-C0)aC<02^ 

'I' 


(V.) {PhHN-COljCINB + HjO-^ (PhHN-CO)jCH’NHR. 
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The behaviour of isonitrosomalonanilide and its ethers towards 
a large number of reducing agents, acid, alkaline, and neutral, wa^ 
examined; the compounds were reduced very smoothly, but the 
results obtained failed to throw any further light on the' question 
of the constitution of the original compounds ; in no case could any 
pure intermediate compound be isolated, and the final product 
was always aminormlonanilide (Whiteley, P., 1904, 20, 92), 


Experimental. 


t-^Preparation of the Ethers of isoNitrosomalonaniUde by the Action 
of the Alkyl Iodide in the Presence of Silver Oxide. 

Ten grams of isonitrosomalonanilide (1 mol.) were .suspended in 
200 c.c. of dry benzene containing the alkyl iodide (3 mols.) in 
solution, 12-5 grams (1-5 tnols.) of dry silver oxide were then added 
in many small portions, the mixture being well shaken after each 
addition. There was a slight rise in temperature and the formation 
of a copious yellowish-green precipitate. After remaining at the 
ordinary temperature during twelve hours, the mixture was filtered, 
the precipitated double coinpound of the ether with silver iodide 
drained on porous earthenware until free from beiraene, boiled 
with absolute alcohol for about fifteen minutes, and filtered The 
residue consisted of silver iodide with the slight excess of silver 
oxide, and the filtrate, on cooling, deposited the ether in a crystalline 
foim, the portion remaining in solution being precipitated on 
dilution with water. The yield is about 85 per cent, of that 
theoretically possible. The solubility of the ethers in all the 
ordinary organic solvents increases with the complexity of the 
alkyl group, and they all crystallise well from formic acid. 

Methyl ether of isonitroso^mlomniUde (colourless form), 

(PhHN-CO) 2 C<?^®, is sparingly soluble in ethyl or methyl 


alcohol, ethyl acetate, benzene, petroleum (b. p. 100—120®) or 
chloroform; readily soluble in acetone, or formic or acetic a!cid 
and insoluble in ether. It crystallises in stout, colourless prisms, 


U-18, 14.17. 


m. p. 194° (Found: N 
N = 14-14 per cent.). 

Ethyl eih^r of i&onitrosomalonaniUde 


'lehl-utJalNa requires 

(colourless form), 
IS soluble in cold methyl alcohol, ethyl acetate, 

r aeet c acid, benzene, or petroleum (b. p. 100-120°) and verv 

iCin ir fl!" "f <*'■ P- W-80'). it crystal 

tee^ n vhoateheaf cluster of thin prisms, m. p. 16e» (Found; 

^ 58. Ci 7 Hi, 03 N 3 requires N == 13-5 per cent.). 



2116 


KENDALL AND WHITBLEY I 


isoPropyl ether of monitrosormlonanilide {colourless 
(PhHN’CO)<,C<C^^^^> closely resembles the ethyl ether in solu. 


bility. It crystallises in felted masses of very thin needles, m. p, 
170" (Found ; N -= 13-00. CigKisOjNj requires N = 12-92 per 
cent.). 

n-Propyl ether of iso 7 iiiroso)nalomnilide (colourless form), 


(PhHN-C0)2C<^^'’‘ 


is soluble in cold ethyl or methyl alcohol, 


ethyl acetate, acetone, chloroform, or benzene, readily soluble in 
formic or acetic acid, and sparingly soluble in ether, or the petrol- 
eums (b. p. 60—80° or 100—120°). It crystallises from formic 
acid in felted masses of thin, prismatic needles, or from petroleum 
in minute, stout prisms, m. p. lo 6 ° (Found : N ^ 12-96. CigHigOgKj 


requires N — 12-92 per cent.), 

n-Butyl ether of \somtroso7tmlonanilide (colourless form), 


(PhHN-CO),C<?'®‘““, 


is soluble in cold ethyl or methyl alcohol, 


ethyl acetate, acetone, acetic acid, chloroform, or benzene; readily 
soluble in formic acid or petroleum (b. p. 100 - 120 “) ; and sparingly 
soluble in ether or petroleum (b. p. 60—80°). It crystaUises in 
well-formed, thin prisms, m. p. 136-5“ (Found : N = 12-60. 
C 19 H 21 O 3 N 3 requires N = 12-1 per cent.). 


ll.— Preparation of the Ethers of isoS ilrosomalondimethylamide by 
the Action of the Alhjl Iodide in the Presence of Silver Oxide. 

Five grams of i,sonitrosomalondimethylamide (1 mol.), sus- 
pended in 100 c.c. of dry benzene containing the alkyl iodide (3 
mols.) in solution, were treated gradually and with constant shaking 
with 11-5 grams (1-5 mols.) of dry powdered silver oxide. The 
mixture became warm, and after remaining for twelve hours at 
the ordinary temperature it was filtered. In the cases of the 
methyl, ethyl, and wopropyl compounds, the grey precipitate was a 
mixture of the colourless ether with the silver iodide and the excess 
of silver oxide, from which the ether was extracted by means of 
warm alcohol. The n-propyl and n-butyl ethers were not pre- 
cipitated with the silver iodide, but remained m solution m the 
benzene, from which they were extracted by means of water, i e 
yield of the ether is about 80 per cent, of that theoretically possible. 
■ The ethers obtained by this method are colourless, crystallm^TOm- 

pounds and are probably the wooxime ethers, (MeHN-C 0 ) 2 C<^ - 


Methyl ether of \sonilro.mnalondimdhylamide (colourless fora), 
:<MeHN-CO). 3 C(NOMe), dis.solvcs readily in cold ethyl or me y 
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alcohol, acetone, ethyl acetate, formic or acetic acid, chloroform, 
or ^vater, and is sparingly soluble in ether, benzene, or petroleum 
p |oo__i20°). It crystallises in stout prisms, m. p. 131° 
(Found : N = 24-36. requires N — 24-28 per cent.). 

Ethyl elher of konitrosoTmhndimetkyhmide (colourless form), 
{MeHN‘CO)2C(NOEt), dissolves readily in cold ethyl or methyl 
alcohol, ethyl acetate, acetone, formic or acetic acid, chloroform, 
benzene or water, and is sparingly soluble in petroleum (b. p. 
100—120°), and insoluble in ether or petroleum (b. p. 60—80°). 
It crystallises in well-formed, rhombic prisms having a fibrous 
fracture and melting at 133° (Found : N === 22-33. 
requires N 22-4 per cent.). 

i^oFropyl ether of isonitrosomalondimtikylamide (colourless form), 
(MeHN-CO)2C(NOPr^), is readily soluble in the cold in all the 
ordinary organic solvents, with the exception of benzene and 
petroleum (b. p. 100—120°), in which it is sparingly soluble, and 
ether, in which it is insoluble. It crystallises in stellate clusters 
of flattened prisms melting at 128° (Found ; N 2L '30. 
requires N 21-02 per cent.). 

n-Propyl ether of i^omt rosomalondinu fhylavdde (colourless form), 
(MeHN-CO)2C(NOPr«), dissolves readily in the cold in Avater and 
in all the ordinary organic solvents with the exception of ether, 
in which it is insoluble. It can he crystallised from a mixture of 
amyl alcohol and light petroleum, and forms thin, prismatic needles 
melting at 94° (Found : N — 21-14. requires N — 21-02 

per cent.). 

n-Butyl ether of i&onitrosomalotidimf fhylamide (colourless form), 
(MeHN-CO)2C(NOC4H9), is readily soluble in the cold in w^ater 
and in all the ordinary organic solvents except ether in which it is 
only sparingly soluble, and separates in Avell-formod, rhombic 
prisms melting at 66° (Found : N 20-09. requires 

X = 19-80 per cent.). 

III. —Preparation of the Ethers of it rosojnalondibenzTjlamidc by 

the Aetion of the Alkyl Iodid( in the Presence of Silver Oxide. 

Only the methyl and ethyl ethers in this scries were prepared, 
and the method was the same as that adopted in the case of the 
wonitrosomalondimethylamide series, ddie ethers, being soluble 
111 benzene, were obtained by e\ apovation of the benzene solution 
after filtering from the silver iodide and excess of oxide.* Tlie 

* The silver residues were found to contain an appreciable amount of 
ai cyanide. Complete analysis nf the r esidues gave the following results. 
Ag^u = 47-5; Agl - 45; AgCN _ 7-5 prr cent. 
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ethers are colourless, crystalline compounds, and therefore probably 
derivatives of the isooxime series, (CqH 5 *CH 2 ’NH*CO) 2 C<C^^^ 

Methyl ether of i^onitroso)mhndihe.nzylamide^ 

(C6H5-CH2‘NH-CO)2C(NOMe), 

is readily soluble in alcohol or benzene, sparingly soluble in amyl 
alcohol, and insoluble in water or light petroleum. It crystallises 
from a mixture of amyl alcohol and petroleum (b. p. 40 — 60°) ia 
slender, acicular prisms melting at 83'5 (Found : N ~ 12-9. 
C 18 H 19 O 3 N 3 requires N = 12-92 per cent.). 

Ethyl ether of isoniirosormlomlibenzylarriide, 

(CfiH^-CHg-NH'COaCtNOKt), 

is readily soluble in alcohol, ether, pr benzene, less readily soluble 
in amyl alcohol, and insoluble in water. It crystallises in very sniall, 
colourless prisms from petroleum (b. p. 100 — 120 °), and melts at 
73-5° (Found : N - 12-36. GigH.iOaNg requires N = 12-4 per cent.). 

lY Methi/latioii of koXitrosonmlomniUde by Means of Dkzo- 

methane. 

Mefln^l Ether of \soyitrosomalonanilide (yellow form), 
(PhHN-CO)X'iN'OMc. — 1. i^oXitrosomalonanilidc {1-4 grams), sus- 
pended in 15 c.c. of dry ether, was treated with a solution of diazo- 
methane in ether prepared from 3 grams of nitrosomethylurethane. 
There was a vigorous action, and a bulky, yellow solid separated; 
this was filtered after twelve hours and dried on porous earthenware. 
It was found to be the pure yellow methyl ether of koniirosomalon- 
anilide ; it melts at 144° and decomposes at 150° (Found : N ^ 142. 
CigHigbaXa requires X - 14-14 per cent.). It is readily soluble in 
all the ordinary organic solvents, with partial conversion into the 
colourless isomcride. Repeated crystallisation from ethyl alcohol 
converts it completely into this isomcride, rn. p. 194°. 

2. Two grams of 7 '^onitrosoiualonanilid(- (either the yellow or the 
colourless form) and l*gram of nitrosoiuethylurethane were dis- 
solved in 15 c.c. of absolute alcohol that liad been dried vitli di^.o- 
methane; 10 c.c. of a 2-3 per cent, solution of sodium cthoxide in 
absolute alcohol were then added gradually. There was a vigorous 
reaction, which was moderated by external cooling, nitrogen was 
evolved, and a solid separated. This was filtered after twelve 
hours, washed with water to remove the sodium cyanate, and found 
to consist of a mixture of the yellow and colourless methyl ethers 
of isonitrosomalonanilide, A further quantity was obtained from 
the alcoholic filtrate on addition of water. The two ethers could 
not be separated by crystallisation, and repe^ited 
from alcohol yielded the pure colourless ether) m. p. 194 . 
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\r ethylation of isoNitrosonuthnuniUde by Means of Methyl 
Sulphate. 

Excess of iiietliyl sulphate was added to an alcoholic solution of 
the pine potassium salt of isonitrosomalon anilide containing an 
aqueous solution of potassium carbonate. Methylation occurred 
at the ordinary temperature and was complete in a few hours, 
phe product was the colourless methyl ether of isonitrosornalon- 
aihlidc, in. p. 194®. 

Xi --Reduction of i&oNifrosomalonanilide and its Ethers. 

isoNitrosomalonauilide or its methyl or ethyl ether is readily and 
quantitatively reduced to aminoinahnanilide, (PhHN*CO) 2 CH‘NH 2 , 
by the action of (a) zinc dust and glacial acetic acid, (6) aluminium- 
luercury couple in moist ether or moist alcohol, [c) ammonium 
sulphide in alcoholic solution; the reduction being effected at the 
ordinary temperature. Aminomalonanilide ery.stallises from alco- 
hoi in brilliant, flattened prisms melting at 146® (Found : N 15-08. 
requires N — 15-G per cent.). 

Ill conclusion, we tender our thanks to the Department of Scien- 
tific and Industrial Research for a grant to one of us (A. G. R.) 
vliich has enabled this investigation to be carried out. 

Imperial College of Science and Technology, 

South Kensington, S.AV.7, [ lUceived , July 21 lh , 1922.] 


CCLllL— Adsorption and Calidysis in Fuller's Earth. 

By Eric Keightley Rideal and William Thomas. 

In the bleaching of edible oils by means of fuller's earth, it has 
frequently been noticed that the various types of earth employed, 
namely, Florida, Surrey, and Somerset, are not equally effective 
as colour-removing agents. This difference is not due to the 
variety of earth employed, since the order of efficiency in which 
the earths may be placed varies with the nature of the oil. 
Evidently there is some other factor to ho considered in addition 
to the direct adsorption of the colouring matter. The extensive 
use of oxidising agents for palm-oil bleaching, which may be 
fat-soluble oxidants such as benzoyl peroxide, or fat-insoluble 
substances such as the dichroinatcs, or air in the presence of 
at-soluble catalysts as in the case of manganese oleate (compare 
fi'i, J. Soc. Ckem. Ind.^ 1917, 36, 948), indicates that some colour- 
removal during the treatment with the fuller’s earth may in part 
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be due to a catalytic activity of the earth as an oxidising agents 
the source of oxygen being the adsorbed air in the fresh material, 
It was considered of interest to investigate whether the catalytio 
properties of the various grades of earth were dependent on their 
adsorptive capacities, and how these in turn were related to their 
specific surfaces. 

Expekimental. 

Specific Surface.— The relative specific surfaces of the sample 
of three varieties of fuller’s earth derived from Florida, Surrey, 
and Somers*et, respectively, were determined by means of an 
elutriator previously calibrated with standard barium sulphate. 

One gram of each earth was fractionated in the elutriator, and 
the amounts driven over at different flow rates were collected, 
dried, and weighed. The relative specific areas of each fraction 
were calculated from the average of the mean diameters of a number 
of grains in each portion. The results obtained were as follow. 


Florida Earth. 

Head of Amount 


Average 

Relative 

Total 

water in driven 

Amount 

diameter 

relative 

mm. over. 

per cent. 

in mm. 

surface. 

surface. 

3 0*0950 

9-50 

0 - 0-092 
== 0-046 

206 


5 012GS 

12-68 

0-092 - 0-122 
== 0-107 

118 

576 

7 0-1946 

19-46 

0-122 - 0-162 
= 0-143 

136 


Residue 0-5842 

58-42 

0-5 

116 


Surrey Earth. 

3 0-8230 

82-30 

— 

1800 


5 0-0400 

4-00 


37 

1874 

7 0-0228 

2-28 

— 

16 


Residue 01065 

10-65 

— 

21 


Somtrset Earth, 

3 0-4403 

44-03 


957 


5 0-2165 

21-65 

— 

202 

1327 

7 0-2000 

20 00 

— 

140 


Residue 0-1432 

14-32 

— 

28 



It is evident that there are marked differences in the relative 
specific surfaces, the order in decreasing fineness being Surrey, 
Somerset, and Florida, standing in the ratios 2'35 : 2-13 ; 1, tke 
last comparing unfavourably with the other two. 

Adsorptive Power.— loi the rapid attainment of equilibrium m 
adsorption it was necessary to select some material w ic m 
only exhibited marked positive ad.sorption, but at the same i 
did not liavc a high penetration coefficient. In investigating W 
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catalytic 'activity of the earths, the period of investigation was 
restricted to a few hours and the reaction was such that the micro- 
pores in the material were in all probability either filled with water 
or oxygen gas, the catalytic surface being confined to the exterior 
and the surface of the macropores. To obtain comparable values 
from experiments on adsorption, the material should be strongly 
adsorbed on the surface of the exterior and of the macropores, 
penetrate but slowly, if at alt, into the micropores ; as sub- 
stances most suitable to fulfil these conditions, malachite-grecn 
and methylene-blue were employed. It was found, however, 
that with the former the comparison of the intensities of colour 
in the tintometer could not be carried out with any higli degree 
of accuracy. With methylene- blue, on the other hand, utilising 
a yellow fflter for the illuminating beam, the green tints of the 
various dye solutions could be accurately compared with those 
of standard solutions of the dye. In each experiment, 200 c.c. 
of a solution of known concentration of the dye were agitated 
with 1 gram of earth, and the residual concentration after forty- 
eight hours’ contact was determined with the aid of the tintometer. 
The following results w^ere obtained ; 


Adsorbent. 


Grama of dye 
in 200 0 . 0 . of 

Florida. 

Surrey. 

Somerset. 

original solution. 

X. 

c. 

X. 

c. 

X. 

c. 

0-0818 

0-044 

0-037 

(lU 

t ra ef-9 

ail 

traces 

0'1638 

0-053 

0-111 

0-105 

0-059 

0-097 

0-067 

0-3276 

0-007 

0-201 

0-146 

0-182 

0-112 

0-216 

0-3062 

0-078 

0-428 

0-192 

0-317 

0-121 

0-385 

0-6492 

0-084 

0-566 

0-223 

0-426 

0-125 

0-524 

0-9850 

0-089 

0-896 

0-273 

(I-7I2 

0-136 

0-S49 

M248 

0-091 

0-034 

0-283 

0-941 

0-139 

0-986 

1-2662 

0-090 

0-176 

0-289 

0-977 

0-140 

1-126 


X — amount oi dye adsorbed. 

c — grams of dye in 200 c.c. of solution at equilibrium. 


The earths thus differ very markedly in their adsorptive powers 
for methylene- blue, the Surrey earth being extremely effective 
and the Florida relatively poor, The order of the earths in adsorp- 
tive power is thus identical with the order of the specific surfaces 
as determined by the elutriator. 

On plotting the values of log. xjc as a fraction of the adsorbed 
quantities, x, according to the adsorption isotherm of Williams 
{Proc. Roy. Soc., 191d, [^], 96, 287), approximately lijiear relation- 
ships are obtained satisfying the following equ<ations : 

Florida log.jQ x/c — T212 — 25-7.t. 

Somerset log.jQ zjc - 2*524 - 24-5.r, 

Surrey Icg.^p x'/c == 0*383 - 3‘2a:. 
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Since the relative adsorption of the methylene-blu# falls oS 
with increasing concentration of the solution, the relative adsorptive 
powers for the different earths can be expressed in numerical iom 
by solving the above equations for the case where the bulk coo, 
centration of the solution is equal to the amount adsorbed per 
gram of earth, that is, log. xjc = 0. 

The equilibrium concentrations for equipartition of the methylene, 
blue between solvent and adsorbent are as follow : Florida, 
0-0471 gram per 200 c.c.; Somerset, O'lOSO gram per 200 c.c,; 
Surrey, 0-1197 gram per 200 c.c., giving a ratio of 1 : 218:2 51 
closely paraUel to the ratios of the specific surfaces. 


Time in 
minutes, 
30 
60 
90 
120 
150 
180 
200 
210 
240 
300 
330 
400 
420 
540 


Mean 


Florida. 


Surrey. 


Somerset. 


Volurao 
of oxygen 
eollectod. 

20-05 

42-50 

60-00 

78-85 

95-00 

108-50 

116-10 


131-25 

150-0 


173-5 


193-4 
Vao 232 



Volume 


Volume 



of oxy^gen 


of oxygen 


k X lOS. 

collected. 

k X 10®. 

collected. 

k X 105. 

2-22 

22-50 

2-39 

4-80 

0-53 

2-67 

41-90 

2-40 

10-06 

0-56 

2-42 

58-30 

2-29 

14-98 

0-64 

2-51 

74-00 

2-32 

19-99 

055 

2-54 

87-90 

2-30 

24-96 

0-55 

2-53 

100-95 

2-30 

29-89 

0-55 

2-51 

109-28 

2-32 


— 




— 

34-91 

0-56 

2-51 

125-00 

2-33 

39-86 

0-57 

2-51 

143-00 

2-31 

— 





— 

59-48 

0-59 

2-50 

166-18 

2-28 

— 

— 




— 

69-25 

0-61 

2-40 

185-00 

2-14 

88-40 

0-74 

2-51 


2-31 


0-58 


{excluding the 
first value.) 


Catalytic Properties— It was noted that fuller’s earth exerted 
a catalytic action on the decomposition of hydrogen peroxide, 
and a comparison of the catalytic properties of the three varieties 
of earth was carried out with this material. The comparison nas 

effected in the following manner. -u j u 

Fifty c.c. of a solution of pure hydrogen peroxide (perhydro 
of strength 14-08 grams per litre, (equivalent to 232 c.c. of oxygen) 
and 2 grams of the eartli wore kept in violent agitation by means 
of a stLer rotating at the speed of 720 r.p.m. in a large ^Im - 
tube immersed in a thenuostat at 24-4 . The oxygen ™ 
coUected in a gas burette, tlie water-jacket being 
the same temperature as the thermostat by means of a wter- 

The reactMt.s^were neutral to litmus and a blank 
a negligible amount of oxygent(0-0 c.c. in 210 minutes). The 
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reaction Velocity coefficients were calculated from the expression 
for a unimolecular surface reaction, d^jdt = k{a-~x), to the 
Napierian base and the second as unit of time. The observed 
rate of oxygen evolution and the values of the reaction velocity 
coefficients calculated from the smoothed curves are shown in 
the table on p. 2122. 

Evidently, the catalytic effects are in no way related to the 
specific surface or to the adsorptive power for methylene^blue. 
With such a differentiation in properties, a possible explanation 
lor the anomalous effects of the various cartlis on the bleaching 
of oils suggests itself— colour bleaching is in part due to adsorption 
and in part produced by catalytic oxidation. 

Since the catalytic properties are independent of the surface 
extension, it seemed probable that there exists in the material 
some specific oxidation catalyst, in all probability iron. The 
analyses of the three earths gave the following results. 


Adsorbed 

i^arth. water per cent. Iron as FcgOj. 

Florida 7'64 698 

Surrey U-25 6 40 

Somerset 12>32 3-15 


It will be noted that the adsorbed water runs closely parallel 
both to the specific surface and to the adsorption of methylene- 
blue, whilst the iron contents are in the same order as their catalytic 
activities, the ratios of the Surrey to the Florida (1 : 1-09) being 
identical with the ratio of the catalytic activities of these two 
earths. In the case of the Somerset earth the iron content is in 
excess of that anticipated from the catalytic activity, but it will 
be noted in this case that the velocity coefficient show^s a continuous 
increase in value, indicating an increasing activity on the part of 
the iron. 

Summary. 

The three typical varieties of fuUer’s earth— Florida, Surrey 
and Somerset-are widely different in specific surface, adsorption! 
and catalytic activities. The adsorption of methylene-blue from 
aqjous solutions is approximately proportional to the specific 
surfaces of the earths (neglecting porosity, if any), whilst the 
catalytic activities in the decomposition of hydrogen peroxide 
are not dependent on the adsorptive power. The iron content of 
uUer s earth may be the governing factor in the catalysis. 

The CKEfficiL LABOEAToaiEs, The Chemistry Laboratory, 

C.1MBIUDOE. U.RIVESSITY OF .\beRDEEX. 

[Ucceired, June. 15th, 1922.] 
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CCLIV . — Tht Solubility of Phmanikrene in Variou.^ 
Organic Solvents, 

By Herbert Henstock. 

I 2 f connexion with some work on the bromination of phenanthreije 
it was found necessary to obtain accurate data with respect to 
the solubility of the hydrocarbon in suitable solvents. So fa? 
no very detailed measurements of this kind seem to have beea 
made. Hildebrand, Ellefson, and Beebe [J. Amcr. Chem. Soc 
1917, 39, 2301) describe experiments on the solubility of a number 
of compounds, one of which was phenanthrene, at 25“; in jqq 
grams of each of the following solvents the quantities of phen 
anthrene dissolved w'ere : Ethyl alcohol, 4*91; benzene, 59 . 5 . 
carbon disulphide, 80-3; carbon tetrachloride, 26*3; ethyl ether* 
42-9; hexane, 9*15 grams. More particular determinations have 
now been carried out at temperatures between — 10“ and -j- 30° 
The phenanthrene employed ^vas recrystalliscd from ether in 
plates, melting at 101“, which were found to belong to the tiiclinic 
system (Kirby, J. Soc. Chem. Ind,, 1921, 40, 274t), and portions 
of this product were again crystallised from each solvent in which 
the solubility was to be determined, and were then dried at 25“ 
for three or four hours. The folloAving liquids are arranged in 
the order of their usefulness as crystallising media for phenanthrene : 
ether, light petroleum, ethyl alcohol, methyl alcohol, glacial acetic 
acid, acetone, carbon tetrachloride, chloroform, carbon disulphide, 
and benzene. Provided that the sample of phenanthrene is already 
fairly pure, it separates from ether in very pure, white, glistening 
crystals : the last four are all about equal as solvents, but they 
do not greatly improve the purity of the product. The density 
of phenanthrene is less than that of chloroform, carbon disulphide, 
or carbon tetrachloride, and greater than that of the other liquids. 

All the solvents were purchased as chemically pure, but before 
use they were dried, over suitable desiccating agents, for three 
days and then distilled in bulk, the first and the last thirds of the 
volume being rejected, and the middle portion redistilled until a 
suitable fraction, having the correct boiling point, had been obtained. 
The ether was well washed with water before being subjected to 
the above treatment. Benzene and glacial acetic acid were 
frozen and the well- drained crystals remelted. The two alcohols 
were distilled over a little metallic sodium as a final precaution. 

The apparatus employed was one similar to that used by Bronsted 
and Petersen {J. A/ner. Chf’m. Soc., 1921, 43, 2265) in their work 
on the solubility of metahammonium salts. The modifications 
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Table I. 


Solubility of Phenan throne. 


Solvents. 

Methyl alcohol .j...... 

Light petroleum, b. p. oU — 85 

Ethyl alcohol 

Glacial acetic acid 

Carbon tefci'achloride 

Ether 

Acetone 

Chloroform 

Benzene 

Carbon disulphide 


Methyl alcohol 

Light petroleum, b. p. 60 — ^85° 

Ethyl alcohol 

Glacial acetic acid 

Carbon tetrachloride 

Ether 

Acetone 

Chloroform 

Benzene 

Carbon disulphide 


Temperatures. 


-10". 

^6 

0". 

0 

0-60 

1-20 

0-8 

1-60 

2-40 

1-75 

2-25 

2-75 

5-50 

6-10 

7-60 

12-20 

14-80 

17-44 

15-70 

20-00 

25-50 

21-20 

22-70 

25-50 

21-60 

28-84 

37-32 

20". 

25". 

30". 

3-60 

4-20 

4-80 

6-60 

8-40 

10-60 

4-80 

5-50 

5-81 

5-80 

6-60 

7-80 

19-00 

22-50 

26-20 

36-78 

43-22 

50-42 

51-94 

63-50 

77-46 

46-60 

54-60 

64-20 

51-70 

60-32 

69-68 

72-08 

80-92 

89-82 


0°. 10^ IS'’. 

180 2-40 300 

320 400 5-00 

3116 3-77 4-28 

— ,5-00 

9 80 ],2'66 15-80 
20-64 2.3-84 30-64 
31-02 36-54 42-50 
29-60 34-30 39-90 
29-86 36-66 44-06 
46-88 54-48 63-28 

40 \ 


9-20 11-20 


introduced were an extra paddle on the stirring rod and, in the 
top of the tube, a rubber stopper having a hole through the centre, 
into which a piece of glass tube, of the same length as the stopper, 
was fixed as a bearing for the stirring rod ; this was lubricated with 
a little glycerol The stopper, which could be raised or lowered 
on the rod, to permit the introduction of solute or the removal of 
solution, was also bored with a side hole, which carried a ther- 
mometer reading to 0-1®; a similar thermometer was placed in the 
thermostat bath. At temperatures between - 10^ and freezing 
mixtures of ice and salt were used, from 0° to 10^ a large volume 
of water, suitably cooled by ice, and above 10'" a ga.s- regulated 
thermostat. From 0’ upwards, the temperature could be kept 
constant to within 0*1° with very little trouble, but below (P a 
single freezing mixture did not remain at a given temperature 
longer than about twelve or fifteen minutes ; fresh mixtures were 
therefore made at this interval of time and the apparatus wa.s 
trairsferred as rapidly as possible to the new mixture as soon a.s 
Its temperature became constant. The only j^raclicable method 
t quantity of phenanthrone dissolved was found 

0 e that of evaporating the solvent from a weighed amount of 
tbe solution and weighing the solid residue. A portion of the 
urated solution wrs removed in a pipette, similar to that described 

In: ^vhich was 

0 come to a temperature of 15° and weighed; the solvent 
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was evaporated slowly in a porcelain basin at 25®, the residue heated 
for fifteen minutes at 60®, allowed to cool, and weighed. In order t 
make sure that no phenanthrene was lost by this method, a furtb 
quantity of solvent was added to the solid, and its solution effected 
on repetition of the evaporation and subsequent heating, no losg oj 
discoloration was noticed. 

Fig. 1. 
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Tmpemture, 


(1) Carbon disulphide ; (2) Acetone; (3) Benzene; (4) Chlorojorm; 

(6) Carbon teirach^ride; (7) Light petroku7n ; (8) Glacial acetic acid; (9} Mj/i 
alcohol; (10) Methyl alcohol. 

In preliminary experiments wdth each solvent, the time of stirring 
necessary to ensure saturation at temperatures up to 0® was found 
to be about t\vo hours; between 0® and 15®, the time waa about 
one and a half hours, and above 15® an hour sufficed : carbon 
disulphide, chloroform, benzene, and acetone required about half 
an hour extra in each case to become saturated. 

Table I gives the solubility in grams of phenanthrene in 100 
grama of each of the various solvents at the temperatures indicated. 

These numbers represent the mean of tliree experiments at each 
temperature; the deviation of single experimental results from 
these figures at the lower temperatures was not more than 0-3 gram 
and at higher ones not more -than about 0-5 gram. 
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resuife are plotted in Fig. 1. 

The solubilities at 25"^ in those solvents mentioned hy Hilde- 
brand Ellefsoti, and Beebe (loc. cit.] are in fair agreement with 
their numbers, excepting in the case of carbon tetrachloride, for 
sv'hich the number was about U-5 per cent, less than theirs. This 
Lcrepancy is much too great to be explicable by any of the ordinary 
-rrors of experiment. The whole of the work with this solvent 
vvas therefore carefully repeated with fresh solvent and solute, 
without however, any radical alteration in the numbers obtained ; 
but in order to check the method, a different one was devised and 
carried out. The proeedure adopted was to heat 100 grams of 
the solvent to 10° above the temperature at which the solubility 
was required, and to make an almost saturated solution, weighing 
the quantity of phenanthrcne dissolved, and then to cool the 
solution by 10° and keep it in a thermostat at that temperature 
for two to four hours : part of the solute crystallised out and was 
rapidly filtered off by suction through a funnel previously brought 
to the temperature of the solution. After complete drying, the 
weight of this solid was subtracted from the total quantity of solute 
used. Two complete determinations were made at each 5° between 
f 30° and — 10° ; the mean of the results is shown in Table II, 

Table II. 


Teiaporature, 

Grams of phenanthren© 
held in solution. 

Grams of phenanthrone 
Temperature. held in solution. 

30° 

2642 

5® 12-30 

25 

23-50 

0 9-70 

20 

20-45 

^5 8-80 

15 

17-40 

~10 800 

10 

15-10 



The broken curve (6) in Fig. 1 shows the relationship of these 
figures to those obtained by the direct method. At 30°, the two 
meet, but below that temperature there is steadily increasing 
divergence. This modus operandi was also employed with the 
other solvents, but in some cases the rapid evaporation of the 
liquid during filtration coupled with the large quantity of the 
solute prevented the acquisition of accurate res ul ts . Those examined 
showed no regular divergent curves ; some of the numbers for ethyl 
alcohol are ; 

Temperature 30® 25^" 15° 10° 

Grams of pheuanthrene held in solution . 5*90 5- 25 4-S3 4'20 3*75 

They are in close agreement with those given by the first method 
{see Table I), This peculiarity of carbon tetrachloride is as yet 
unexplained. 

Peddle and Turner (T., 1913, 103 , 1202) show that the degree 
of association of salts in solution is one of the factors governing 
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solubility; they also state that a solvent like ethyl alcohol pertoj^j 
neither marked association nor ionisation. Since phenanthrent 
is not an ionisable substance, especially in saturated solution, it 
is evident from a consideration of Table I that the condition of 
the hydrocarbon, in solution in methyl or ethyl alcohol, 
petroleum, or glacial acetic acid, must be almost normal, witt 
little or no association amongst its molecules, especially when the 
low and great regularity of solubility is examined. Association 
in the remaining solvents must be much greater than in the pre. 
ceding cases, approaching more nearly to that of the solvent as 
the temperature rises. For each solvent, with the possible, escep- 
tion of chloroform, there should be a temperature, below ~ 
at which phenanthrene becomes insoluble ; this was reached only 
with methyl alcohol at - 10°. Chloroform is an anomalous suh- 
stance ivith respect to solubility (see Peddle and Turner, lor. di). 

The relationship between observed solubility and molecular 
percentage solubility, calculated on lOOa/A, where n and N = mole- 
cules of solute and solvent, respectively, is well defined in the 
first three liquids; the figures for methyl alcohol are typical 


Temperature 
MoU per cent. 
DifEerence ... 


_o° 0" 5° 10° 15° 20° 25° 30“ 

0 0-106 0-217 0-325 0-435 0-550 0-653 0-761 0-871 
0-106 0-111 0-112 0-110 0-115 0-103 0-108 0-110 

(See Table I for observed solubilities.) 


The difference is a constant quantity in both cases. The figures 
for the remaining solvents show a similar relationship, but the 
values increase with rise of temperature. 

The curves (Fig. 1) for carbon tetrachloride, ether, and acetone 
show marked breaks at O’, 10’. and 15°, respectively, which point 
to some change in the solvents or solutes at those temperatures, 
and in this connexion Turner (T., 1911, 99, 880) states thatm.» 
bility of two substances is possible when both arc normal or both 
associated, but that solubility is limited when one J 

normal and the other associated. The points referred to there 
fore, probably indicate a sudden alteration in the assoo.ation c 
the molecules of phenanthrene, which will tend to tang the mo 
cular association of solvent and solute nearer together, causmg 
sharp rise in solubility. 

The author tenders his thanks to the Research Fund 
of the Chemical Society and also to the Government Grant to 
mittee for grants in aid of the work. 
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Isomerism of Metallic Oxides, Part L 
Lead Monoxide, 

By Malcolm Percival Applebey and Robert Douglas Reid. 

■ monoxide occurs naturally in two crystalline forms, litharge 
ind massicot, which are yellow and red, respectively. These can 
ilso be obtained in the laboratory by artificial means. It has been 
ong known that the red form can be converted into the yellow by 
mating and the yellow into the red by I ong -continued action of light 
it the ordinary temperature. The difference between the two forms 
las been attributed by many investigators to polymorphism, the 
'ed being regarded as the more stable form at the ordinary temper- 
iture and at all temperatures up to a transition point which has not 
3 een precisely determined. This explanation is supported by the 
lifference of density of the two forms observed by Geuther [Annalen, 
1883, 219, 56) and by Rucr {Z. anorg, chem., 1906, 50, 265), whose 
observations agree in ascribing the lower density to the red form, 
ilthough their actual values arc somewhat widely divergent (Geuther, 
red 9*13, yellow 9*29; Ruer, red 9*37, yellow 9*52). Ruer also 
determined by a conductivity method the solubility of the two forms 
in water, which he found to bo 1*00 X 10"* gram-equiv. per Utre for 
the yellow form and 0*56 X 10"* for the more stable red form. 
Solubilities determined by the conductivity method for substances 
like litharge are not very trustworthy, but the values for the two 
forms probably give a fairly correct idea of the relative solubility. 

The crystallographic evidence also points to polymorphism. 
Nordenskiold {Pogg. Ann., 1861, 114, 619) determined the form of 
the yellow modification to be rhombic bip;yTamidal and that of the 
red to be tetragonal. Larsen {U.S.A. Geol. Survey Bull., 1921, 
679, 105), working both with mineral forms and with laboratory 
products, confirmed Nordenskiold’s conclusions, and found, more- 
over, that the yellow form is ahvays biaxial and positive in its action 
on polarised light, whilst the red is uniaxial and negative. 

The explanation of these differences as due to polymorphism has 
recently been attacked by Glasstone (T., 1921, 119, 16S9, 1914). 
Ising preparations of lead monoxide obtained by the action of alkali 
f various strengths on solutions of lead salts, he has found, both by 
ravimetric and electrometric measurements, approximately identical 
olubility for lead oxide preparations irrespective of their colour, 
nd has drawn the conclusion that the differences of colour are due, 
•ot to polymorphic change, but to variations of the state of division 
f the substance. The change of red to yellow on heating is attri- 
luted to formation of larger agglomerates, which on rubbing will 
VOL. cxxi. ^ 
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break down again into a reddish-brown powder, consisting of particles 
rather smaller than the original red form. The crystailograpl^j^, 
evidence is regarded as indecisive and that from density and froQj 
solubility, determined by conductivity, is rejected for the reasons 
stated above. 

Methods for tlie preparation of both the red and the yellow varieties 
in the form of delhiite crystals of fair size had already been worked 
out in this laboratory, and experiments on their solubility relatiom 
were being developed at the time when Glasstone's papers appeaad 
It was therefore at once apparent to us that Glasstone’s theory could 
not be correct . Any differences of property which could be measured 
could not he due to differences in the state of division when botli 
forms could be obtained in plainly visible crystals. There seemed 
also an inherent improbability in the view that the change frem 
yellow' to red could be effected by light if the change simply consisted 
in alteration of the size of particle. This argument has also been 
brought forward by Baly {Ann. Beports, 1921). We have, however 
thought it advisable to carry out solubility measurements both bv 
gravimetric and electrometric methods with the crystalline oxides 
following Glasstone’s procedure in every detail, before expressina 
ourselves as satisfied with the polymorphism theory. These deter- 
minations have now definitely shown that the two forms have 
widely differing solubilities and are perfectly distinct and different. 
We have drawn the conclusion that the results obtained by Giasstone 
are possibly due to the fact that none of his methods of preparation 
gave a pure red oxide, with the result that all his solubility deter- 
minations gave values approximating to the solubility of the yelloTr 
form which was present. 

Methods of Preparation. 

The methods used in the preparation of crystalline lead monoxide 
are based upon experiments made by Lambert in the course of hi? 
researches on the corrosion of lead (T., 1915, 107 , 210). We are 
greatly indebted to him for much information and advice in carrying 
out the preparations, and also for providing us with a specimen of 
his purest redistilled lead, w'hich we have used as an electrode in 
the electrometric measurements to be referred to later. The method 
consists in the dehydration of Kahlbaum’s purest lead hydroxide 
by digestion with strong potassium hydroxide solution at temper 
atures approaching the boiling point. The operation is performed 
in a small flask fitted with an air- condenser, at the upper end of whk'fi 
is a soda-lime tube to prevent the formation of carbonate. The 
hydroxide goes into solution in considerable quantity when thf 
temperature is raised, and, on slow ly cooling, the oxide is deposite 
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in a weU'CrystaUised form. Which form is obtained depends on 
the concentration of the alkali, high concentrations giving the red 
form moderate concentrations the yellow, and low concentrations 
apparently a black or steel-grey variety which is similar in form 
to the yellow oxide and has not yet been subjected to detailed 
investigation. The rate of cooling is also not without effect on the 
product, rapid cooling favouring the yellow form. The following 
table summarises these observations. 

Table I. 


Preparation of lead monoxide. 


Jsorraaliiy 
of KOH. 
15 

Colour. 

Crystalline form. 

Red 

Mixtures of red and yellow 

Square plates. 

Tetragonal, uniaxial, — ve. 

10 

Yellow 

Needle-like, rhombic, bipyramidal, 
biaxial, -fve. 


Varying shades of green 

„ 

3 

Steel-black 



The red crystals produced by this method show a beautiful iri- 
lescence when in contact with their mother- liquor. If the conditions 
ire carefully adjusted, microscopic examination show's no trace of 
the lemon-yellow needles. When shaken up with water, the solution 
is quite clear and gives no indication of the existence of ultramicro - 
scopic particles. There can therefore be little doubt that we are 
here dealing with a pure substance. Both the red and the yellow 
forms iverc analysed for peroxide content and show'ed only a negli- 
gible quantity (0*67 per cent, in the yellow and 0*63 per cent, in the 
red). 

With regard to the black form, the appearance of which certainly 
suggests either lead suboxide or metallic lead, wc are not in a position 
to make any definite statement. It may be a third variety of the 
oxide, or it may possibly be a yello^^ form which has in some way 
suffered superficial reduction. Wc record, however, an interesting 
observation w'e have made as to the action of sunlight on the yellow' 
needle form. Two samples were exposed to light for a period of 
nine months, the one in a vacuum and the other in a tube exposed 
to the air. Both were largely transformed into the steel-grey and 
not into the red form, whilst identity of behaviour showed that 
atmospheric oxygen could have played no part in the change. A 
similar blackening has been observed by Benz {Z. awr^. Chem., 
1921, 116, 62), and is attributed by him to the photochemical 
dissociation of the oxide and the formation of metallic lead. 

Mr. T. V. Barker has kindly made a microscopic examination of 
the red and yellow modifications and reports : — “ The colour of the 

4d 2 
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first is extremely variafile, passing from red through brown to light 
yellow. It crystallises in square plates which exhibit a negative 
uniaxial figure in convergent light, and the system is therefore 
nresumably tetragonal. The second modification, which is unilormlj 
yeUow when freshly prepared, crystallises in elongated, singly 
doubly refracting plates with straight extinction. The ray vibratag 
parallel to the direction of elongation has the greater refractive 
index so that even if the system be tetragonal (which is in doubt) 
the sign of the double refraction is positive. The two forma then, 
exhibit distinctly different optical properties and must be held to 

present a true case of dimorphism.” , , ^ 

We have determined the densities of the red and yellow oxides, 
taking care to remove all traces of occluded air in a vacuum desiccator. 
The values, 9-27 lor the red and S-70 for the yellow, are quite distinct, 
although, strange to say, the difference is in the opposite direction 
to that observed by Geiither and Kucr (foe. at.). ... 

If the yellow crystalline form is ground m a mortar, a brownish- 
red powte is obtained. The change of colour, attributed by Gte- 
stone to fineness of division, is, in our view, to be explained as a 
change to the red, stable form, analogous to the change of the 
unstable yellow form of mercuric iodide to the stable red form under 

similar treatment. . . t j 

If the black form of oxide is ground, it first becomes yellow airi 

then reddish-brown. On further violent grinding, streaks of bright 
red are plainly visible under the pestle, but it seems impossible, 
probably owing to mechanical difficulties, to reduce the whole mass 
to this cmidition. If, however, the finely ground material is shaken 
in a tube ivith water and allowed to settle, the deposit shows an 
interesting gradation of colour from black at the bottom to scarlc 
at the top ^ The red form is here, then, undoubtedly the ultimat 
Product of gr ading and has the smallest particle. Every mvcsti- 
slr 2 farL shmvn it to be the least soluble, a fact which doesuoi 
Lpport any theory connecting the solubility with sixe of part . 

Solubilitij Determinations. 

GrararaclrmJ/elW.-ThesolubiUtyofthetwota^^^ 

in solutions of sodium hyf Sas\te^ 

of Jling Chow (./. Ame.r. Chem. Soc., 19.0, loo) ai 

ised with hydrochloric acid of constant boiling poi • , . ^ 

former preparation, the Thesolutious 

60’, otherwise black mercurous oxi , , gpecimens of the 

were placed in contact with pure ^^5 recommend^ 

oxide and stirred by a slow current of purified 
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Glasstone in order to avoid the abnormalities due to fracture of 
crystals which easily occur with more violent agitation. The results 
' Table II show that, in the case of the red form, no supersaturation 
effect is observed and the solubility rises towards a constant maxi- 
luum With the yellow form, there is initial supersaturation due to 
fineness of particle. It is clear, however, from^ the results that final 
equilibrium is only obtained by such methods after a very considerable 
time. Further experiments of much longer duration are shown in 
Table III- In these experiments there was no continuous stirring, 
but the containing tubes were inverted each day. The solutions 
were analysed by precipitation of the lead with sulphuric acid, 
the solubility of the lead sulphate being reduced by the addition of 
as much alcohol as could safely be used without throwing out sodium 
sulphate, which is very sparingly soluble in strongly alcoholic 
solutions. 

It was found that alcohol to the extent of 25 per cent, of the final 
mother-liquor could be safely employed; the amount of lead 
unprccipitated being then very slight. 

Table II, 

Solubility of lead monoxide in iV-sodium hydroxide with stirring by 
slow air-stream at 20-0°. 

Time Cone. Time Cone. 

Form. (days). (Grara-mol. /litre). Form. (days). (Gram-mol. /litre). 

Red 3 0-0104 Yellow 3 0-0344 

5 0 0116 7 0-0289 

8 0-0126 

11 0-0132 3 0-0359 

2 0-0088 8 0-0263 

2 0-0085 

4 0-0099 

6 0-0105 

Table III. 


Solubility of lead monoxide in xV-sodium hydroxide, without stirring, 
at 20-0^ 



Time 

Cone, 


Time 

Cone. 

Form. 

(days). 

(Gram-mol. /litre). 

Form. 

(days). 

(Gram-mol. /litre). 

Ked 

\ 

0-0185 

Yellow 

5 

0-0376 


7 

0-0149 


7 

0-0334 


10 

0-0165 


9 

0-0342 


5 months 

0-0138 


5 months 

0-0240 


„ 

0-0136 


,, 

0-0233 


„ 0-0145 „ 0-0239 

Mean final value for the yellow oxido in A'-NaOH 0-0237 gram-mol. /litre. 

” »» » ft red „ „ „ 0-0140 „ 

These experiments show definitely that the yellow form is nearly 
twice as soluble in .ft^-sodium hydroxide as the red form, the actual 
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ratio (1*7 : 1) agreeing well with the ratio of the solubilities in wat^r 
{1’8 : 1) determined by Ruer {loc. cit.)* 

Electrometric Method.— These were made by ineai^ of a Gambrell 
potentiometer reading to O-OOOl volt. It was calibrated against 
r^ssistance boxes correct to 1 in 20,000. A cadmium cell 
made in the usual manner and compared with a standard cell 
made by Gambrell. For the lead electrode the pure metal was 
melted under hydrogen, and a previously prepared platinum 
electrode dipped in it while in the molten state. The subsequent 
procedure was identical with that recommended by Glasstone. The 
standard alkali electrode described by Donnan and Allmand {T., 
1911, 99, 845) was used to complete the cell. Throughout the 
experiments the elect rodes were tested against three freshly prepared 
calomel electrodes, and any deviation from the value given by the 
authors was introduced as a correction. We have therefore some 
record of the working of this standard cell over a considerable period 
and the results are not without interest. The type of vessel used 
was exactly as described, with a three-way tap. 

The mercuric oxide Mas prepared by heating Kahlbaunvs pure 
mercuric nitrate. The cells in all EJLF. experiments were placed 
in a thermostat kept at 20" within 0-05". 


Table IV. 

E.M.F. oJ cell Hg/HgCl in KCl solution /HgO in NaOH solution/Hg. 


Donnan 

and Normality 
Age K.M.F. Allmand’? of electro- 


(days). 

1-2 

9-1 

• 0-4 
3-5 
17-0 


(volt ). 
01504 
01507 

0-1391 

01393 

0-1398 


value. 

01504 


lytes. 

100 


Age 

(days). 

9-5 

13-8 

470 

* 0-7 
1-6 


Donnan 
• and Normality 

E.M.F. Allmand’g of electro- 


(volt). 

0-1505 

0-1505 

0-1503 

0-1397 

0-1398 


value, 

01504 


0-1479 


lytes. 

1-00 


0-10 


0-6 0-1500 

4-0 O-loOl 
6-6 0-1502 


0-1 0-1472 

4-9 0-1474 

8-7 0-1474 


It will be seen from Table IV that the heaved ^ 

well and can evidently be kept for very long periods ^ 

appreciable change. In the two cells shown by an ^ 

the value is very much lower than normal ; this was 
to the fact that a little undecomposed nitrate was pre ^ 

mercuric oxide. It is evident that this source of 8^“ ^ 

carefully guarded against in setting up the standard aMi « 
Table V shows the readings obtained with a cell 
was stirred by an air-current. The process of solution, altbo g 
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irregular, shows no tendency to exhibit aupersaturation, the E.MJ. 
slowly decreasing and the solubility therefore increasing. Bubbling 
was in all cases stopped some time before making the reading in 
order to avoid any oxygen electrode effect. 

Table V. 

E.MJ. of cell Hg/HgO in .V-NaOH/Ked PbO in i\"-NaOH/Pb, 
with stirring. 


Age (days). 

E.M.F. 

Ago (days). 

E.M.F. 

0 

0-6920 

8 

0-6859 

1 

0-6885 

10 

0-6868 

2 

0-6876 

13 

0-6847 

3 

0-6873 

14 

0-6827 

4 

0-6864 

15 

0-6828 

6 

0-6851 




Without stirring, approximately constant minimum values of 
E.M.F. for the red oxide, 0-6758, 0-675o, 0-6768 volt, were obtained at 
from four to seven days. These correspond with a state of super- 
saturation, after which, the E.M steadily increases over a long 
period to its constant value. As with, the gravimetric experiments, 
the solutions were left for five months at 20° in contact with the solid, 
after which, on being placed in the cells, they gave definite values for 
the E.M.F. in the course of several days. 


Table VI. 

R.MJ.’s of cella Pb/PbO in A’-NaOH/HgO in lY-NaOH/Hg with 
five months’ old solution of PbO in jV-NaOH, without stirring. 


Yellow form. 

Red form. 

0-6735 

0-6807 

0-6735 

0-6806 

0-6734 

0-6810 

0-6735 

0-6806 

0-6733 

0-6808 


0-6811 

Mean 0-6734 

Mean 0-6808 


The difference between the ultimate solubilities of red and yellow 
forms is represented by an E.M.F. of 0-0074 volt. The differ- 
cnee which would be predicted from the gravimetric solubilities 
namely, 0-0140 and 0-0237 gram-mol. per litre, by the expression 
ffT'/nP.logc/c' is 0-0066 volt. 


The ratio of solubilities of the yellow and red forms by the 
eleetrometnc method is thus in good agreement with the gravimetric 
determinations. 

1 '“Portant constants which can 

be deriTOd from the measurements made. A column of Glasstone’s 
results for what he regards as the single oxide is added for com- 
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parison. ’'He worked at 25®, and corrections have been introduced 
according to the temperature coefficient which he gives. It 
be seen that his values for the first three quantities (dependent on 
each other) fall between those we have obtained for the two forms. 
They approximate to the values for the more soluble or yellow form^ 
as might be expected were he dealing with a mixture. Ihe evalu. 
ation of the dissociation constant for the amphoteric plumbons 
hydroxide, as an acid, involves a knowledge of the solubility of lead 
monoxide in water. Rucr, from his conductivity measurement, 
gives the two values, 0-50 X 10"^ and 0-28 X gram-mol. per 
litre, which have been used in onr calculations. Pleissner (Arh. 
Kaiser, Gesundh., 1907, 26, 384) gives a whole series of values, by 
the same method, varying from 0-077 X 10”® to 0-403 X lO'^. He 
does not differentiate at all clearly between the two forms, and it 
seems fairly certain that he was dealing with mixtures. Gladstone 
uses one of the values, 0-26 X lO'®, for his calculation. 


Table VIL 


Various constants at 20®. 


EM.F, of plectrode Pb/PbO in 
A^-NaOH; volts. 

Pb'* cone, in A'-NaOH, gram-ion 
per litre. 

Solubility product [Pb"][OH']® 
Diasociation constant of Pb(OH)s 
as an acid. 


Bed Yellow Glasstone’s 

form. fonn. form. 

0-5668 0-5594 0-562 

0-90 X 10-^* 1-80 X 10-“ 1-6 X 10 ‘‘ 

047 X 10-“ 0-91 X 10-“ 0-82 x 10"“ 

0-33 X 10'" 0-39 X 10-“ 1-3 X lO'*' 


Summary. 

1. The necessary conditions for preparing the yellow and red 
varieties of lead monoxide in welhcry^stallised forms have been 
explored. 

2. The solubilities of the two forms in V-sodium hydroxide have 
been measured both graviinetrically and electrometrically. The 
solubility of the ymllow form at 20® is about 1*8 that of the red form. 

3. The evidence from solubility and from examination of crystal- 
line form shows clearly tliat the yellow and red forms are polymorphic 
modifications. 

4. The standard alkali electrode, Hg/HgO in V-NaOH, has shown 
itself to be easily reproduced and constant over long periods, 


Inorganic Chekistry Laboratory, 
OXFORDi. 


[Rtedvedy Av^ua 1922.] 
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0 / PP'-Dichlorodiethyl Sulphide. 
Synthesis of Divinyl Sulphide and the Preparatim 
of a Non-vesicant Isomeride of -Dichlorodiethyl 
Sulphide. 

By SiTKEY Hartley Bales and Stajtley Arthur 
Nickelson. 

During an investigation on the behaviour on keeping of impure 
p| 3 ^dichlorodicthyl sulphide, prepared by the sulphur chloride- 
ethylene process, it was found necessary to study the hydrolysis 
of the purified substance. 

After hydrolysis with 20 per cent, alcoholic potassium hydroxide, 
it was found that the product had a pronounced odour of garlic 
and that, on distilhng off the alcohol, the odour was confined to 
the distillate, the residue being practically odourless. On pouring 
the alcoholic distillate into water, a clear, colourless, light oil 
separated. After thorough w^ashing with water and drying over 
calcium chloride, the yield of oil was about 26 per cent, of the weight 
of pp'-dichlorodiethyl sulphide taken. Using 20 per cent, alcoholic 
potassium hydroxide, the same yield was repeatedly obtained. 
The liquid was found to distil very largely at 83 — Further 
fractionated, the bulk of the liquid distilled at 85 — 80'' and had 
df 0'9174. On keeping in stoppered glass vessels, the liquid 
polymerised in upwards of forty-eight hours to an opaque jelly, 
somewhat soluble in boiling carbon disulphide, but insoluble in 
alcohol, ether, benzene, carbon tetrachloride, or chloroform. 

Helfrich and Emmet Reid {J. 4mer. Chem. Soc., 1920, 42, 1219) 
state that when pp'-dichiorodiethyl sulphide is acted on with 
sodium ethoxide, the product is not s'-diethgxydiethyl sulphide, 
as they anticipated, but an easily polymerisable liquid wEich they 
surmised might be divinyl sulphide, thus 

S(C%CH2C1)2 + 2NaOEt S(CH:CH 2)2 + 2NaCl -f 2EtOH. 

Furthermore, they state {loc. cit^) that on hydrolysis of p3'-di« 
chlorodiethyl sulphide with caustic alkali in 50 per cent, alcohol, 
a small quantity of a heavy oil is obtained which they surmise 
might be a polymeride of divinyl sulphide. In neither case, how- 
ever, was the investigation pursued further. 

This observation has been confirmed by us, and the heavy oil 
(yield about 2-5 per cent, of the weight of p^'-dichlorodiethyl 
sulphide taken) is under investigation. In these circumstances 
{hydrolysis with 20 per cent, sodium hydroxide in 50/50 alcohol- 
^ater), no light oil was obtained. 

4 D* 
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According to Beilstein and Richter, divinyl sulphide boils at 
lOr and has d 0-9125. The only authority for these constants 
that could be found was Semmler {Amudoi, 1887, 241 , 92), who 
describes the properties of di vinyl sulphide which he^ obtainel 
from natural sources {Allium nrsinum). The density given is i, 
fair agreement with that obtained for the product of hydrolysis 
of pp'-dichlorodiethyl sulphide above, but there is wide discrepancy 
in the boiling points obtained. 

Concentrated nitric acid acts upon the liquid (as upon the 
polymeride) -with extreme violence (Found ; S = 36-84, 3715, 
CiHeS requires S = 37-23 per cent.). 

Vapour density determinations (V. Meyer) on the freshly distilled 
hquid gave molecular weight results which were in substantial 
agreement with the theoretical value for divinyl sulphide. Actually 
these results were 2—3 per cent, higher than the theoretical (86-1), 
This is no doubt due to slight polymerisation of the liquid during 
the experiment. 


A Non-vmcant Isomeride of ^^'-Dkhlorodiethyl Sulphide. 

Divinyl sulphide should add on two molecules of hydrogen 
chloride, giving a dichlorodiethyl sulphide, probably the oca'-com- 
pound : 

S(Ch:ch,)2 ^ s(chci-ch3),. 

Boiled with concentrated hydrochloric acid under reflux, the 
liquid under discussion blackens and apparently complete decom- 
position foUows. When dry hydrogen chloride, however, is passed 
into the liquid (distilling at 83-87°), the gas is absorbed quietly 
and readily without appreciable evolution of heat. It is sufficient 
that the absorption vessel be immersed in cold water. Twenty- 
five grams of Hquid absorbed 19 grams of hydrogen chloride in 
about five hours, that is, an absorption of about 90 per cent, o 
the theoretical. Owing to the slowing down of the rate, no attempt 
was made to obtain' theoretical absorption. The liquid thu» 
obtained was distilled under reduced pressure. A clear, co lourK 
Hquid having a most pungent, objectionable, and pemstent odour 
and distiUing at o8-61°/15 mm. was obtained. The J^eld lom 
25 grams was 35 grams, that is, about 75 per cent, of the theoretic^ 
By careful redistillation, a product was obtained, b. p. MO- 

59-5°/15 mm., d'f 1-1972. , 

From the smoothness and ease with which the hydrogen cUo 
was absorbed, it would seem highly probable that simple aW 
occurred, whilst the sharpness of boiling pomt of the p ^ 
which was repeatedly obtained, indicates that the pro 
simple substance. 
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The additive compound reacts violently with nitric acid. The 
chlorine is readily removed by alcoholic alkali (Found : S = 20 - 06 , 
20*18; Cl = 44 - 20 , 44 - 22 . C 4 HgCl 2 S requires S — 20 ' 16 ; Cl — 
44.(K) per cent.). This substance, which appears to be devoid of 
vesicant properties, no precautions being taken while handling it 
^vithout any discomfort being experienced, decomposes on dis- 
tillation at atmospheric pressure with the evolution of copious fumes 
of hydrogen chloride, liquid distilling between 120'" and 145^. 

Further work on the hydrolysis of ^p'-dichlorodiethyl sulphide 
and on the properties and reactions of divinyl sulphide, particularly 
Avith regard to the action of halogens and halogen acids, is in 
progress. 

The authors wish to express their thanks to the Director of 
Artillery for permission to publish this note, and to the Director 
of Chemical Inspection, Air. G. H. Perry, O.B.F., B.Sc., F.I.G,, 
for the critical interest he has taken in the work. 

Dikecxorate of Chemical Inspection, 

Royal Arsenal, Woolwich. [ Received , Augmt \9 th , 1922 .] 


CCLVIL — MonothioetJiylene Glycol. 

By Geokge Macdonald Bennett. 

A MOEE detailed study has now been made of the physical and 
chemical properties of monothioethylene glycol, the isolation of 
which was recently recorded (T., 1921, 119, 422). It had been 
prepared in a very impure condition by Carius [Anmikn, 1862, 124, 
257), who stated that it was not completely miscible with water 
and that when heated at 100° it was decomposed with evolution of 
hydrogen sulphide. The substance is actually completely miscible 
vith Avater, and when in a state of purity, in particular of freedom 
from all trace of mineral acid, it may be distilled almost without 
decomposition at the ordinary pressure; the vapour density, 
determined under a pressure of half an atmosphere at 158°, is normal. 

The mercaptides of a series of metals with monothioethylenc 
glycol have been prepared. They are remarkable for their low 
melting points and ready solubility in Avarm water and a number 
of organic solvents. 

Decomposition of the hydroxy- mercaptan in the manner described 
by Carius does not occur under any conditions. On the other hand, 
ju t e presence of mineral acids decomposition occurs more or 
less rapidly according to the temperature, with production of white 
poymeric ethylene sulphide of high molecular Aveight similar in 

* 4 D* 2 
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properties to the substances described by Lowig and Weidmim 
(Annalen, 1840, 36 , 321) and Mansfeld {Ber., 1886, 19 , 696). D^^t, 
hydrochloric acid induces this decomposition, the mechanism d 
the action in this case being indicated by the fact that hot con. 
centrated hydrochloric acid converts monothioethylene glycol in 
a few seconds into the corresponding p-ohloroethyl mercapUn, 
CH Cl'CH ‘SH. This is an unstable substance which decomposes 
really in the moist condition with production of white polymeric 
ethylene sulphide. It is decomposed by prolonged washing 
cold water, but when dry it may be distilled undecomposed at the 
ordinary pressure. It shows the high degree of chemical and 
physiological activity characteristic of the simple P-chloroethyl 

sulphur derivatives. , 

In the ease with which the hydroxyl group of monothioethylene 
glycol is replaced bv chlorine by the action of hot fuming hydro- 
chloric acid, it shows a close resemblance to p(J'-dihydroxydiothyl 
mono, and di-sulphides, the properties of the hydroxyl group in 
this respect being rather those of a tertiary than of a primai}- 

alcohol group. , . „ , i i 

A number of other derivatives of monothioethylene glycol are 

under investigation. 


Experimental. 

Physical Constants of MomtUodhyknc Glycol 
A sUght modification was found desirable of the method ol 
preparation of the mercaptan given previously (ioc cif.), the 
preLce of acetic acid in the product being avoided by dimmshmg 
the quantity of acid used so as to leave the solution to be existed 
with ether just alkaline with sodium hydrosulphide Befor 
determination of the densities and other physical constants, th 
substance was repeatedly distilled under .P™™ ! " 

current of pure carbon dioxide until the refractive index uasno 

longer affected, • , 

The pure substance has a faint odour, but i 
pronounced and characteristic odour on ‘ mm. 

55“ /1.3 mm. and with slight decomposition at lo 

(Found 1 S = 41-3. Calc., S = 41-04 per cjiit.). ^ ^ 

The following values of the density were 
df = 1-1230, If = 1-1143, which may be reproduced from » 

equation dj = M317 —0-00087^. Upmene or water. 

The liquid is completely miscible with ether, b ’ 

The mixture with an equal weight of water s ows 
1 per cent, in volume, as compared with 3 per ce 
ethyl alcohol and water. 
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The following values of the refractive index were observed ‘ 
= 14963, <= 14996, <= 1.5079, <“ = 1.5151, from 
uhich the molecular refractivities were calculated as follow: 

2049 (20-51), [Rl]u - 20-61 (20-65), [7?^]^ = 20-90 (20-90), 
and 21*15 (21-16), in good agreement with the values in 

brackets calculated from the constants of Eisenlohr and of Price and 
Tvvias (T., 1912, 101, 1259), 

The viscosity of the liquid, determined by comparison with 
water in an Ostwald viscometer at 20°, was 0-0322 C.G.S. units. 

Molecular Weight in Solution and as Vapour. — The following 
values were found by the cryoscopic method in benzene solution : 
79-3 (I per cent, concentration), 84-5, 90-5, 94-5 (5 per cent, con- 
centration), whilst in aqueous solution a constant value was observed 

75-76 (Calc., 78-1). 

Vapour density determinations by the Victor Meyer method at 
the boiling point of aniline failed owing to a slight decomposition 
)f the substance. Determinations were made by the method of 
Sleier and Kohn in dry carbon dioxide gas under a pressure of 
)-6 atm., and the molecular weight of the vapour w’as found to 
)e 77-0, 78-3 (Calc., M = 78-1). 


Mercapiides Derived from Monothioethjlene Ghjcol 
An extended series of mercaptides has been obtained hitherto 
inly from ethyl or methyl mereaptan. The derivatives of mono- 
Uoethylene glycol with a number of metals were isolated, those 
f mercury, lead, bismuth, and antimony being obtained by the 
iteraction of the oxide of the metal and the mercaptan in the 
resence of alcohol where necessary, whilst those of copper gold 
liver, platinum, nickel, and cadmium were obtained by precipi- 
itiou in aqueous solution, sodium acetate being added to remove 
mineral acid. All the compounds (except the antimoiw 
envative) are more or less soluble in liot water and alcohol 
ejreral, particularly the mercury and the bismuth compounds 
ken treated in aqueous solution with hydrogen sulphide, give 
se vath great ease to colloidal sols of the metal sulphide of con- 
-.Merable concentration and stability. 

Carius (foe, at.) prepared the mercury compound and also 

in the r ^ obtained 

m the present mvost.gation. This was, however, to be expected 

far t K was 

^ith wat^ Th:“ statement that it was not miscible 

■vative of the mercaptan which he obtained in a state of purity 
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In a recent paper (J. Amer. Chem. Soc., 1922, 44 , 634), 
and Reid refer to a mercurows compound of m. p. but ^ 
analysis is qiioted of what would be a novel type of mercapti^^ 
The only mercury compounds to be described here are the nonuii 
mercaptide of the formula Hg(S*C 2 H 4 *OH )2 and the mercuricbloridf 
OH-CH2‘CH2-S*HgCL 

Mercury compound, Hg(S'C 2 H^’OH) 2 , large silvery plates, m. p 
123“^, from alcohol or warm water. Soluble in warm acetone or ethyl 
acetate (h'ound : Hg == 56>9. Calc., Hg = 56-7 per cent,). Xhe 
aqueous solution gave no precipitate with solutions of sodium 
hydroxide or potassium iodide. With hydrogen sulphide, a col- 
loidal sol of the sulphide was formed, which was at once coagulafed 
on addition of ammonium nitrate solution. 

Mercurickloride, OH'CHg'CHg-S'HgCl, a white solid melting 
indefinitely at 135—140“^, obtained by precipitation of an alcoholic 
mercuric chloride solution with the mercaptan (Found : Hg == 634. 
C 2 H 50 ClSHg requires Hg ~ 64-1 per cent.). 

Lead compound, Pb(S'C 2 H 4 ’OH) 2 , orange plates, m. p. 110°, from 
alcohol, closely resembling lead iodide in appearance (Found; 
Pb = 56-0. C^Hj^jOgSoPb requires Pb — 57-4 per cent.). 

Cuprous compound, CuS'CgH^'OH, a white solid which became 
discoloured on exposure to light. This substance, and others 
mentioned below where no melting point is recorded, decomposed, 
when heated, without melting (Found : Cu = 43-9, 43-8. CgH^OSCa 
requires Cu — 45Tb per cent.). When a cold solution of a cupric 
salt was treated with the equivalent weight of the mercaptan, 
a yellow precipitate was formed of the cupric compound, but 
this was not isolated pure. On heating with an excess of the 
mercaptan, it was converted into the cuprous compound described 
above. 

Silver compound, AgS‘02li4*^^i white solid sparingly soluble in 
cold water (Found Ag — 57-6, 57*2. C 2 H 50 SAg requires *4g=: 
58*3 per cent.). 

Aurous compound, AuS’C^H^’OH, a pale yellowish-grey solid 
soluble in hot water (Found : Au — 71*5. C^HgOSAu requires 
Au ~ 71*9 per cent.). When the mercaptan was added to an 
excess of a cold solution of auric chloride, a chocolate-broM 
precipitate was formed which could not be isolated pure, but 
doubtless an auric, compound (compare Heumann, Ber., 1905, 38, 
2813). When the solution was heated with an excess of the 
mercaptan, the aurous compound was obtained. 

Platinous compoitnd, Pt(S‘C 2 H 4 * 0 H) 2 , a pale greenish-grey solid 
sparingly soluble in hot water (Found : Pt — 5o*6. C4Hio02S2l^ 
requires Pt = 55*87 per cent.). With an excess of cold platimc 
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chloride solution, the mercaptan gave a yellow precipitate containing 
a platim compound. 

Cadmium compouTid, Cd{S’C2H4*OH)2, a white, crystalline solid 
melting with decomposition at 139°, soluble in warm water (Found : 
Cd == 41 ‘9. C4Hio02S2Cd requires Cd = 42-3 per cent.). 

Sickel compound, Ki(S‘C2H4*OH)2, dark brown needles from hot 
water (Found : Ni = 27-3. 0411150282^1 requires Ni = 27-6 per 
cent.). The mercaptan gave with a solution of zinc acetate a white 
precipitate and with cobalt acetate a purplish* brown, amorphous 
precipitate, the surface of the solution becoming covered with a 
skin having a greenish-gold, metallic appearance, but no definite 
compound of zinc or cobalt was isolated in a pure condition. 

Bismuth cennpound, Bi(S'C2H4*OH)3, lemon -yellow needles, m. p. 
79°, from alcohol or ethyl acetate, soluble in cold water, sparingly 
soluble in boiling ether or benzene (Found : Bi — 49-1, 4Q-S. 
CgHigOsSgBi requires Bi ^ 47-4 per cent.). 

Antimony compound, Sb(OH)(S -02114’ OH )2, colourless crj’stals, 
m. p. 131°, obtained by warming the mercaptan with antimonious 
oxide, diluting the solution with alcohol, and allowing to crystallise. 
The compound is very sparingly soluble in all solvents except the 
warm raonothioethylene glycol itself (Found : Sb ^ 41-7; M, by 
East’s method in molten camphor, 340. C4H4403S2Sb requires 
Sb = 41-2 per cent. ; M == 291). 

Calcium compound, Ca{S’C2H4’OH)2, a white solid obtained by 
adding dry ether to the mercaptan in which calcium metal has 
been dissolved at 100° (Found : Ca = 20-9. C4H4502S2Ca requires 
Ca — 20-6 per cent.). 

Monosodium compound, NaS*C2H4’OH, white, crystalline, de- 
liquescent solid obtained by the action of metallic sodium on the 
mercaptan in dry ether or toluene (Found : Na = 23-2, CaH^OSNa 
requires Na 23-0 per cent,). 

Disodium compound, NaS’C2H4’ONa, a cream-coloured, homo- 
geneous, crystalline powder was obtained by evaporating to dryness 
an absolute alcoholic solution containing the calculated weights of 
the mercaptan and sodium metal, and finally heating the solid 
to 150° under reduced pressure to remove alcohol (compare prepar- 
ation of disodium compound of glycol, Vorlander, Annalen, 1894, 
280 181), The substance is very deliquescent and very readily 
soluble m alcohol or water (Found : Na = 37-2. C.H.OSNa^ 

requires Na== 37-7 per cent.). 

Potassium compoumi, KS-C^H.-OH, a deliquescent, Avhite solid 
rom metallic potassium and the mercaptan in dry ether (Found ; 
^ - '13-3. C2H5OSK requires K = 33-6 per cent.). 
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Action of Acids on Monothiodhylem Glycol. 

It had abeady been observed that monothioethylene glycol, left 
with dilute hydrochloric acid, was converted into a polymeric 
ethylene sulphide (Bennett, loc. cit.). This action was slow at room 
temperature and with dilute mineral acids, bu* when the mercaptan, 
mixed with an excess (five times its volume) of 50 per cent, aqueous 
sulphuric acid, was heated to the boiling point, the solution rapidly 
became turbid by the separation of clear oily drops which at once 
became opaque, and a bulky, white precipitate filled the .quid, 
A traee of a volatile substance having a penetrating smell was 
also produced, which may be the unpolymerised ethylene sulphide 
recently isolated by Delepme {Gompl. reW., 19-0, 171, 36)_ The 
filtrate from the white solid {A) thus obtained gave on further 
heating, a white precipitate (B) which showed slightly different 
properties from those of A. Similar results were obtained when 
phosphoric acid was used in place of sulphuric acid. These sub- 
stances, A and B, are insoluble in all the usual solvents and are 
similar in properties to the amorphous polymeric ethylene sulphides 
described by Lowig and Weidmann and by Mansfeld (loc. at), but 
difficulties of characterisation leave it uncertain whether identical 
substances (or mixtures) are in question. They were found to he 
soluble in molten camplior, and therefore cryoscopic measurements 
were made by Ra.st's method (Ber., 1922, 55 , [B], 1051) 

A. White solid, melting rather indefinitely at 193 197 (Found : 

S = 53'0; M, in camphor, = 1430, 1760, 1420). 

£. White solid, melting indefinitely at 177—180° (Found : S = 
52'8'; M = 1720. C 2 H 4 S requires S = 53'3 per cent. ; M = 60). 

A and B w'ere distinguished chiefly by their different behaviour 
on heating. A decomposed on dry distillation to give a yellow oil 
of unpleasant odour, wffiilst B gave a considerable sublimate of the 
well-known crystalline diethylene disulphide of m. p. 112 ° and 
b. p. 200° (Found : S = 53-5. Calc., 8 = 53-3 per cent.). Neither 
A nor B yielded this substance wlien heated in phenol by the method 
described by Mansfeld (loc. cit.) and by V. Meyer (Ber., 1886, 19 , 
3262). The molecular weight determinations are a rough indication 
of a high decree of polymerisation. The assumption made by 
Mansfeld, that since his polymcrido must be of higher^molecular 
weight than dicthylene disulphide its formula was (CjH^Sls, is 
clearly unjustifiable.* 

♦ A substance volatile in skani and having m. p. 113° and compoaition 
corresponding to wa.s described as triethylene trisulphide by bir 

P C Rav (T. 1920, 117, 1090; this vul., p. 1279). No evidence waa given 
ai to its molecular weight, and it seems very probable that the substance is 
diethylene disulphide, which would in any case be a probable by-product ot 
the reaction investigated. 
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Action of Dehydrating Agents. 

Monothioethylene glycol reacted vigorously with anhydrous zinc 
chloride or phosphoric oxide with production of amorphous, white 
solids similar to those described above. In the latter case a small 
amount of dicthyiene disulphide appeared as a sublimate. 

Action of Concentrated Hydrochloric Acid. 

A mixture of monothioethylene glycol with three times its volume 
of concentrated hydrochloric acid was heated to the boiling point 
for five minutes under an upright condenser. The solution became 
turbid at once and a colourless oil separated. This oil was quickly 
washed once with water and dried over sodium sulphate. 

<^^Chloroethyl mercapkin, CH 2 Cl‘CH 2 *SH, was thus obtained (in 
90 per cent, yield) as a colourless liquid, b. p. 125—126'' (Found ; 
Cl - 36-4; S 33-1. CaHgCiS requires Cl = 36-8; S = 33-2 per 
cent.). The substance may be distilled at the ordinary pressure 
without decomposition provided it is free from moisture. The 
following physical con.stants were observed : = 1-225, and 

^ 1-203; == 1-5289, whence [R^]^ ^ 24-74 (Calc., 24-0), 

The liquid has a marked vesicant action, which in conjunction 
^vith its volatility makes it very unpleasant to work with, When 
kept in a damp atmosphere, it develops a pungent odour. 

|5-Chlorocthyl mercaptan dissolves in an excess of aqueous 
sodium hydroxide to a clear solution, which, how’ever, becomes 
turbid in a few seconds and rapidly sets to a paste owing to the 
separation of a w^hite solid polymeric ethylene sulphide : 

nCHaCl-CHySNa - nXaCl b (CaH^S),^. 

The white solid, after being washed with water and alcohol and 
dried at 120°, melted indeibiitely at 170—175° (Found : S == 52-6. 
Calc., S — 53-3 per cent.). 

The chloromercaptan, when kept in contact with cold water, or 
by prolonged washing, is decomposed in the same manner with 
production of free hydrochloric acid and a white, amorphous 
substance similar to that described above. 

The action of concentrated hvdrobromic acid \ipon monothio- 
ethylene glycol was similar to that of hydrochloric acid, but the oil 
that separated became at once turbid from the precipitation of a 
white solid, and the bromo- mercaptan was not isolated. 

Action of Pkenylcarbiniide on Monothioethylene Glycol. 

The formation of p-hydroxyethyl phenyltMocarbamate, 
^s^s’NH'CO'S'CgH^'OH, was described in a previous paper 
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(Bennett and Whincop, T., 1921, 119 , 1861). When this substance 
or monothioethylene glycol itself was heated for a few minutes 
Avith an excess of phenylcarbimide there was produced the compound 
CeHg-NH'CO-S-CaH^-O’CO-NH-CsHg, which crystallised from alcohol 
in needles, ni. p. 146^ (Found : N = 9d ; S — 10*2. 
requires N = 8-86; S == 10-14 per cent.). 

Ethylene Bis-^-hydroxyethyl Sulphide, 

This substance was described in a previous communication 
(Bennett and Whine op, loc. cit.). In view of the statement by 
Rosen and Reid {loc. ciX, footnote) that, following the directions 
there given, they obtained only 20 per cent, of the theoretical 
yield, the experiment was repeated. The temperature of the 
reaction mixture was kept below 40“^ until the action subsided, and 
was then raised to the boiling point for fifteen minutes. The 
alcohol was removed by evaporation, and the sodium bromide from 
the residue by dissolving the latter in an excess of dry ethyl 
acetate, filtering, and again evaporating. The crude product, dried 
at 120°, weighed 5-9 grams (yield calculated from the sodium used, 
6-0 grams) and melted at 50—55°. After crystallisation from a 
little ethyl acetate, 5-5 grams of the substance were obtained, 
m. p. 62 — 63°. The yield is thus practically quantitative, as 
originally stated. 

I wish to thank the Chemical Society for a grant which has 
defrayed much of the expense of this work. 

The Chemicae Depaktmknt, 

Guy’s Hospital Medical School, ' 

S.K. ], [Received, August 5th, 1922.] 


CCLVlll,— The Constitution of Acetone Derivatives of 
Glucose and Fructose. 

By James Colquhodx Irvine and Jocelyn Patterson. 

It will be generally recognised that the difficult structural problems 
presented by the carbohydrates can be approached only by the 
systematic study of specific and definite reactions. The method 
may be slow but, on the other hand, isolated observations followed 
by hasty conclusions lead inevitably to confusion. Particularly 
is this the case in dealing with the compounds formed when sugars, 
or the related polyliydric alcohols, enter into condensation with 
acetone. When critically examined, these derivatives display many 
puzzling aspects of isomerism and, in addition, their study is ham- 
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pered by their extreme instability towards mere traces of acids. 

a result, limitations are placed on the reactions which can be 
applied with the object of elucidating their structure. 

These acetone-sugars '' are, however, compounds of great 
importance, as they open the way to the preparation of definite 
derivatives of sugars in which certain hydroxyl groups are sub- 
stituted while others remain exposed and can take part in further 
reactions. This application of acetone-sugars was originally 
developed by one of us, and examples are now given of typical 
cases in which, by methylation and subsequent hydrolysis, these 
compounds were converted into a series of partly methylated sugars, 
which were the first representatives of their type. 

Rhamnoseacetone — >■ Dimethyl rhamnose : 

Purdie and Irvine, Rep, Brit Assoc,, 1902. 
Piirdie and Young, T., 1906, 89 , 1 194. 
Glucosedi acetone — > Monomethyl glucose : 

Irvine and Scott, T., 1913, 103 , 564. 

Irvine and Hogg, T., 1914, 105, 1386. 
Glucosemonoacetone — > Trimcthyl glucose : 

Irvine and Scott, loc. cit. 

Irvine and Macdonald, T., 1915, 107 , 1701. 
Kructosedi acetone — V Monomethyl fructose : 

Irvine and Hynd, T., 1909, 95, 1220. 
Mannitoldiacetone — >■ Dimethyl mannitol ; 

Irvine and Paterson, T,, 1914, 105, 898. 
Mannitolmonoacetonc — Tet ram ethyl mannitol : 

Irvine and Paterson, loc. cit, 
Glycerolacetone — > Mo no methyl glycerol : 

Irvine, :Macdonald, and Soutar, T., 1915, 

107,337. 

Fischer, who was responsible for the discover}^ of the general 
reaction between carbohydrates and acetone, returned to the sub- 
ject in 1915, and, by the application of similar principles, prepared 
a number of partly acylatod derivatives analogous to the above 
methylated compounds. The importance of these reactions and 
their ultimate applications need not be emphasised and it is evident 
that the constitution of all the synthetical compounds concerned 
rests primarily (although not invariably) on the structure of the 
acetone derivatives from which they are prepared. Numerous 
researches have therefore been devoted to this problem, and as 
the whole subject has been further complicated by the discovery 
of y-sugars,” it is necessary at this stage to review the progress 
which has been made. 
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The cdleotive evidence contained in the papers issued from this 
laboratory has established that in condensing with a polyhydroxy, 
compound acetone reacts as a ketone and not in the enolic form, 
A further definite advance was made when Irvine, Macdonald 
and Soutar {loc. cit,) showed that the condensation involves pre. 
ferentially two neighbouring hydroxyl groups. The test case 
selected was the formation of glycerolacetone, which was proved 
to take place according to the following scheme : 


CHg-OH 

GH‘OH +CO< 
CHj'OH 


CH, 

CH, 


CH,-Ox /CHj 

CH-0^ 

CHs-OH 


The above result was obtained by ascertaining that glycerolacetone 
can be converted into glycerol a-methyl ether, and in a similar 
manner the methylation process has given direct evidence on the 
structure of the more important of the sugar acetones. 

The present paper deals ^\ith the constitution of the acetone 
derivatives of fructose, and in addition the structure of the isomeric 
derivatives of glucose is reviewed in the light of the most recent 
observations on y -sugars. Fructose gives two crystalline diacetone 
compounds (termed a- and p-), and these are convertible into 
isomeric fructoscmonoacetones (Irvine and Garrett, T., 1910, 97, 
1277). In addition, other non- crystalline fructosemonoacetones 
exist but, in the meantime, discussion is restricted to the a-forms, 
which are the most definite and are produced in greatest amount. 
On first consideration it might appear that both fructose-a-diacetonc 
and fructose- x-monoacetone are derived from y-fructose, a.s the 
rate of hydrolysis of these compounds is of the same order as that 
of sucrose. We have now established, however, that such is not 
the case and that both compounds are based on the stable type 
of fructose. This result was not unexpected, as both fructose- 
diacetone and fructosemonoacetone are l»vorotatory, whereas if the 
compounds were related to y-fructose the rotations would be dextro. 

A structural formula for fructosediacetone must obviously 
accommodate the following conditions : 

(1) Hydrolysis to give a non -reducing fructosemonoacetone 
(Irvine and Garrett, loc, cit,), 

(2) The conversion into a Isevorotatory monomethyl fructose 
(Irvine and Hynd, loc. cit.), 

(3) The identity of the phenylosazone given by the above sugar 
with the monomethyl glucosazone (Irvine and Scott, loc. cit.) 
obtained from glucosediacetone. 

The key to the constitution therefore lies in the structure of 
monomethyl glucose, as the position of the methyl group in this 
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gugaf corresponds with the vacant hydroxyl group in fructosedi* 
acetone. Now, it has been shown by Irvine and Hogg [loc. cit.) 
that in monomethyl glucose the alkyl group is terminal and conse- 
quently the sugar has the structure 

Q _ 

OMe*CH 2 'CH{OH)*CH‘CH(OH)-CH(OH)*CH-OH. 

This determines the position of the methyl group in the mono- 
methyl fructose obtained from fructosediacetone, and as it has 
now been established that the fructose acetones are related to the 
stable type of fructose, the formula of monomethyl fructose may be 
written 

I 0 1 

OMe-CHj-CH-CH(OH)-CH(OH)-C(OH)-CHj-OH. 


It follows therefore that if the isopropylidene residues are united 
through neighbouring hydroxyl groups, only one formula is possible 
for fructosediacetone. 

, 0 , 

OH-CH,-CH-CH-CH>C— CH, 

^ I 1 1 I *2 

0 0 0 0 

\/ \/ 


Such a compound should exist in two stcreoisomeric forms which 
should undergo hydrolysis at different rates to give two isomeric 
fructose mono acet ernes. Irvine and Garrett [loc. cit.) have already 
shown this to be the case. There is, however, one possibility of 
error in the argument and the point is somewhat elusive. True- 
tosediacetone might be a derivative of y-fructoso, in which case the 
hydrolysis of monoraethyl fructosediacetone would give mono- 
methyl y-fructose. Such a sugar would contain three hydroxyl 
groups, and the oxygen linkage has thus the opportunity to assume 
the stable arrangement. Analogous cases are presented by inulin 
and sucrose, where the evidence of hydrolysis is misleading. This 
possibility has not been overlooked and the extension of our work 
has therefore included tlie examination of fructose-a-monoacetone. 
When it is remembered that complete hydrolysis of fructose- tx- 
diacetone takes place practically instantaneously by the action of 
OT per cent, hydrochloric acid at 100'’, the dissection of the reaction 
into stages is stamped as a delicate operation. The methylation 
of the fructose -a-raonoacet one thus obtained also proved to be 
difficult, but W'c succeeded in converting the compound into a 
trimethyl fructose monoacetone in which the Isevorotation w'as 
preserved. On hydrolysis, a trimethyl fructose was produced 
([“Id water — 115*9®) and this in turn was converted, as 
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described in the experimental part, into tetramethyl fructose. 
The important issue of these operations is that the tetramethyl 
fructose finally produced is the stable, crystalline variety possessing 
the butylene- oxide linkage. These results establish the structure 
of fructosemonoacctone to be 

--- ^-0-- ^ , 

OH-CH2‘CH-CH(OH)'CH(OH)*(j:”-(|3H2 
0 0 
\/ 

CMea 

and the compound has no relationship with y-fructose. 

In order to render the scheme of reactions intelligible, the various 
transformations involved in the structural proof are given below ; 
Fructose (Isevo) 

I 

Fructose -a- diace tone (laevo) 


Monomethyl fnictose a-diacctono Fructose- a-raonoacetone (l«evo) 

I i 

Monoinethyl fructose Trimethyl fructose-a-monoacetone (l»vo) 



Monomethyl glucoaazone Monomethyl methyl- Trimethyl fructose (Isevo) 

^ fructoside j 

I I I 

Monomethyl glucose Tetramethyl methyl- Tetramethyl methylfruct- 
fructoside oside (laevo) 

!_ “I I 

Glucosediacetone Tetramethyl fructose Tetramethyl fructose (lasvo) 

All the above fructose derivatives were laevorotatory ; the two 
specimens of tetramethyl fructose were identical with each other 
and wuth the methylated ketose prepared by Steele (T., 1918, 113 , 
257) from J3-methylfructoside, No trace of the dextrorotatory 
tetramethyl y-fructose produced from methylated inulin or sucrose 
was present and the proof is clear that both fructoscdiacetone and 
fructosemonoacetone are constituted as shown. 

As supplementary evidence and for the purposes of comparison, 
we have prepared a trimethyl fructosemonoacetone of the y-series 
and find, as expected, that it is entirely distinct from the form 
referred to in the above scheme, A full account of this isomeride 
will be given in a subsequent paper, but it may be mentioned 
that the compound is dextrorotatory and gives a dextrorotatory 
trimethyl fructose. 

There seems, in fact, to be little tendency for y-fructose to con- 
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dense with acetone and this was emphasised by the behaviour of 
dextrorotatory y-methylfructoside when subjected to the action of 
acidified acetone. The methyl group was eliminated and fructose* 
diacetone formed, but the product consisted entirely of the 
crystalline, Isevorotatory adorm, thus showing that complete 
rearrangement of the oxygen linkage had taken place during the 
reaction. The formulae now supported for the fructoseacetones are 
identical with those suggested in former papers from this laboratory, 
and the only structural evidence still required to complete the 
proof is confirmation of the idea that the stable form of tetra- 
methyl fructose possesses the butylene -oxide linkage. This evidence 
has been obtained and will form the subject of a forthcoming paper. 

Turning to the case of the acetone derivatives of glucose, the 
complications encountered are more serious. The glucosediacetone 
isolated by Fischer melts at 107—108° and shows [a]p — 18>5°, 
although there is at least one other form of the compound which 
is also Imvorotatory but possesses a higher melting-point. It is 
in fact difficult to specify the total number of isomeric glucose- 
diacetones, as the compounds show a tendency to separate in 
mixed crystals and to combine with monoacetone derivatives. In 
the present discussion attention is therefore restricted to the most 
important variety, which may be termed the a-form. Two appar- 
ently diagnostic reactions are available in deducing the structure 
of the compound. Of these, the first is the conversion into 0-mono - 
methyl glucose, a change which shows that the unsubstituted 
hydroxyl group in the parent compound is terminal. The second, 
and more important, is the dissection into two sUges of the hydro- 
lysis of glucose- a-diacetone, a process which results in the formation 
of glucose-a-monoacetone. 

As a first step in ascribing str\ictural foriuuke to the glucose- 
acetones, it is necessary to determine the particular isomeric form 
of the hexose from which the compounds arc derived. In this 
connexion it is significant that all t lie acetone derivatives of glucose 
are strongly Isevorotatory, whereas in the case of the isomeric 
fructose compounds the sign of the rotation of the parent hexose 
is preserved. The activities of the compounds can he regarded at 
the most as aii indication that the glucoseacetones are based on 
y-glucose, but definite evidence is now available that this view is 
correct. The argument, although somewhat involved, is decisive. 
It has long been known tliat glucosediacetone gives a Icevorotaiory 
monomethyl glucosediacetone which mi hydrolysis yields a dextro- 
rotatory monomethyl glucose belonging to the butylene -oxide scries. 
On first inspection, this result might be interpreted as a proof 
that glucosediacetone is derived from the butylene-oxide type of 
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glucose, but, as the monomethyl glucose contains an unsubstituted 
hydroxyl group in the 4-position, the possibility is always open 
that, subsequent to liberation of the sugar, the oxygen linkage 
alters from the unstable to the stable position. The evidence of 
hydrolysis may thus be entirely misleading, as in the case of sucrose 
and of inulin. The only conclusive method of determimng the 
type of the parent hexose is to convert glucosediacetone into 
glucosemonoacetone, to methylate this and, by hydrolysis, obtain 
the corresponding trimethyl glucose. If the latter belongs to the 
butylene-oxide type, it will be dextrorotatory and convertible into 
crystalline tetramethyl glucose. Otherwise, it will be Isevorotatory 
and possess the properties of a y-sugar. 

The operations involved are difficult, as the glucosemonoacetone 
must be of a high degree of purity, but trimethyl glucosemono- 
acetone was obtained in good yield. Hydrolysis gave a trim ethyl 
glucose which is l(zvoroiatory ([a]^ -15-7'’ in water) and displays 
all the characteristic reactions of a y-sugar. It follows that 
glucosemonoacetone and glucosediacetone both belong to the 

y-series. .l i ^ 

No formula hitherto suggested for the glucoseacetones takes into 

consideration this relationship with ygluoose, and the structures 
must accordingly be reviewed. Unfortunately, the difficult problem 
of the constitution of y-glucosc has not yet been fully solved. 
Most of the evidence is in favour of an ethylene-oxide structure 
but on the other hand, some reactions point more strongly to a 
propylene-oxide linkage. Of these two alternatives, it is clear 
that the propylene-oxide type is best adapted to accommodate the 
formation and properties of the glucose acetones. We therefore 
suggest the following tentative structure for glucosediacetone, 

■ from which, by removal of the isopropylidene residue B, the formula 
for glucosemonoacetone is derived. Although the exact position 
of the oxygen linkage is uncertain, and may connect positions 1 
and 2 in place of 1 and 3, the structures now given are consistent 
with all the known reactions of these compounds. 


>CMe2 


; CH— 0 

0 H-{^ O' 

' 

^1 ®>CMe. 

H-U-0 

OHpOH 


(A) 

(B) 


For example, tbe formula fulfil the condition that acetone conde|es 
witlf neighbouring hydroxyl groups, and explain ^ ^ ^ 
sugar of'iSie stable type is obtained from glucosedia 
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glucosemonoacetone gives a y-sugar. Incidentally also, accepting 
Hudson’s generalisations as to the factors which control dextro* 
and l^evo-rotation in aldose derivatives, the Isevorotation of the 
glucoseacetones receives a ready explanation. 


Mmctions of Glucosediacetone, 


-CH-0 nCH“0^ 

0 6 CH— 

-CH '-CH 

(iH -0 CH -0 

CHj-OH CH^-OMe 

(Isevo) 0»vo) 


-CH-OH 

1 

6h-oh 

0 CH-OH 

CH-OH 1 

'-CH 

CH-OH 1 

CH-OH 

6h 

CH-OH 

CH-OH 

CHg-OMe 

CH^-OMe 

(lajvo) 

(dextro) 


Methylation. HydrolyBis. Transformation 

to butylene- 
oxide type. 

JScac^^ 07 W of Glucosemonoacetone. 


§ s 

1 1 

1 

-CH-O. „„ - 

6 CH— 0 

“CH-OH 

CH-OH 

!-CH 

-CH 

-CH 

CH-OH -> 

CH-OMe -> 

CH-OMe 

CH-OH 

CH-OMe 

^H-OMe 

CHa-OH 

^Hj-OMe 

CHa-OMe 

(Isevo) 

(laevo) 

(Iffivo) 


Methylation. Hydrolysis. 


No tram- 
formation to 
butylene-oxide 
type possible. 


For the sake of comparison with the parallel work on fructose 
compounds, the scheme of reactions utilised in the structural argu- 
ment is given below ; 

Glucose 

4 

Glucosediacctone 



Monomethyl glucosediacctone 

i 


Monomethyl glucose 
(butylene-oxide type) 



G lucoscmonoacetone 


I 

Trimethyl glucosemonoacetone 

4 

Thimethyl glucose 
{7-type) 



Monomethyl glucosazone Monomethyl gluconolactone 
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Discussion of ResuUs, and Criticism of AUermtive Formulce. 

The most striking feature of the results submitted is that whereas 
fructose shows a pronounced tendency to react as a y-sugar and is 
present in this form in its most important natural derivatives 
(sucrose and inulin), the fructoseacetones are derived from the 
butylene -oxide form of the ketose. On the other hand, although 
glucose is transformed less readily into its y-isomeride, it is entirely 
in this condition that it enters into condensation with acetone. 
Analogy, without experiment, would have led to an entirely 
opposite conclusion being drawn, until it is remembered that there 
is an essential difference in the experimental procedure involved 
in preparing these compounds. 

Another point which has been experimentally developed is that 
the oxygen linkage of a reducing sugar may alter in position to 
accommodate the action of a particular reagent. Thus the con- 
figuration of stable glucose is unfavourable to the formation of a 
diacetone derivative and accordingly transformation to the y-sugar 
precedes condensation. No such alteration is necessary in the 
case of stable fructose and the condensation ensues without change 
in the oxygen linkage. In fact, a fructose derivative of the y-type 
has been shomr to revert to the stable linkage in the presence of 
acid acetone, and this case adds another example to the list of 
reactions which involve transformation of the oxygen linkages in 
sugars. Exclusive of the formation of “ y-glucosides ” the more 
important changes of this nature so far detected are : 

Sucrose Fructose 
luulin — Fructose 

Monomethyl glucosediacetone — ^ Monomethyl glucose 
y-Methyl fructoside — > Fructosedi acetone 
Glucose — Glucosediacetone 
Monomethyl methylglucoside ^ Glucosediacetone. 

With two exceptions, all the above changes are in the direction 
y-type —y stable type. The most irregular case is presented by 
glucose, but a review of past work provides a ready explanation. 
It may be recalled that Macdonald, in an able study of the 
mechanism of the condensation of glucose with acetone (T., 1913, 
103 , 1896), showed that the reaction involves the formation of a 
methylglucoside raonoacetone. At that time no y- sugars had been 
described and thus Macdonald’s formulae cannot now be upheld, 
but it is clear that he succeeded in condensing y- methylglucoside 
with acetone. This is shown by the fact that the methylglucoside 
monoacetone is lajvorotatory, gives a Igevo-diraethyl derivative, and 
is hydrolysed with extreme ease under conditions which afiect 
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y.glucosides. It is significant that an isomeric methylfructoside 
monoacetone exists (Irvine and Robertson, T,, 1916, 109, 1305) 
which is strongly laevorotatory, and the formation of these com- 
pounds gives a chie to the mechanism whereby the corresijonding 
diacetones are formed. 

Those who have the widest experience of the compounds now 
under discussion are probably the most reluctant to commit them- 
selves to opinions as to their structure. Although no finality is 
claimed for the formulae now deduced for the glucose and fructose 
acetones, it is nevertheless necessary to criticise severely certain 
structures confidently put forward in a recent paper by Karrer 
and Hurwitz [Helv. Chim. Acta, 1921, 4, 728). Unless their con- 
clusions are corrected in no uncertain fashion, this branch of 
structural chemistry may again be thrown into a state of hopeless 
confusion. 

The authors referred to have compared the effect of alkaline 
potassium permanganate on three well-known acetone sugars with 
the action of the same reagent on glyccrolacetone, which is known 
to have the terminal CH./OH group free. Tlie argument used is 
that if the sugar derivative does not reduce the reagent readily 
the terminal hydroxyl group must be substituted. On the basis 
of four small-scale experiments in w’hich glucosediaeetone, fructose- 
diacetone, and ^-mannitoldiacetone are boiled with the perman- 
ganate reagent and recovered largely unchanged, they proceed to 
reconstruct the constitution of acetone sugars generally. The 
structures they put forward for the glucose- and fructose-acetones 
are not only shown to be incon'ect by the results contributed in 
this paper, but are opposed to many reactions which have long 
been kno^vn. So many objections may be taken to their views 
that it is needless to refer to them in detail, but the following points 
may be mentioned. 

Alkaline potassium permanganate is a particularly uncertain 
reagent when applied to derivatives of sugars. To illustrate the 
vagaries of the reaction, two examples may be quoted. 1:2;3:4- 
Tetramethyl-5-cthyl mannitol has a terminal hydroxyl group free, 
yet is remarkably stable tow'ards the action of potassium per- 
manganate in the presence of sodium hydroxide. On the other 
hand, a recrystallised specimen of tribenzylidenc mannitol, ^vhich 
contains no unsubstituted hydroxyl group, reduces the reagent 
readily. 

Not only is Karrer's reagent inapplicable, but his choice of glycerol - 
acetone as a test substance is unfortunate. Few compounds can 
compete with the derivatives of the trihydroxypropanc series in 
respect of their power to reduce alkaline potassium permanganate, 
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and in the case of glycerolacetone the reducing action is 
increased by the presence of impurities which are not readily re- 
moved by distillation. Further, an account is given in the experi. 
mental part of the preparation of a specially pure specimen o{ 
glycerolmonoacctone, which was converted into the corresponding 
monomethyl ether. Although in this compound all the hydroxyl 
groups arc substituted, it decolorises alkaline permanganate readily, 
The bearing of these results on Karrer’s generalisation need not be 
elaborated. 

Little need be said regarding the structures which are amved at 
by such methods. Glucosediacetone is formulated by Karrer as (I). 



This is incorrect in two particulars and represents the compound 
as a derivative of butylene- oxide glucose, which is certainly not the 
case. Further, on methylation and hydrolysis, it would give 3-niono- 
methyl glucose in place of 6- monomethyl glucose. Incidentally, 
Karrer is evidently unacquainted with the paper by Irvine and 
Hogg on the structure of this variety of monomethyl glucose and 
is apparently of the opinion that it can be obtained from fiuctose- 


diacetone. 

Similar arguments exclude Karrer’s formula for glucosemono- 
acetone, as methylation n-ould then give 3:6: 6-trimethyl glucose. 
It is in some ways regrettable that this is not the case, as many 
unsuccessful attempts have been made to obtain this particular 
sugar, which is so far quite unknown. 

The case for the structure of the fructose acetones may be brieBy 
dismissed. Karrer’s formula for fructosediacetone (II) is based on 
a propylene-oxide ketose. The suggestion of a 2 : 4-oxygen ring 
agrees mth Boeseken’s view as to the nature of the mtemal oxygen 
linkage in the fructose component of sucrose {Rec. trav. chim., 1921, 
40 354) In other words, Karrer’s fructosediacetone is a denv- 
ati’ve of y-fruetose. If so, it would be dextrorotatory and would 
give a dextro-fructosemonoacetone. This, in turn, woul e 
convertible into trimethyl y-fruotosemonoacetone, which wo^d ato 
be dextro. No single one of these conditions is fulfilled, i e 
trimethyl fructose actually obtained is lievo, and is convertible 
into crystalline tetramethyl fructose. 
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Xhe paper now under discussion leads up to the statement that 
<! new formulas for glucosediacetone and fructosediacetone 
render necessary a new nomenclature for the derivatives prepared 
from them/’ It would be unfortunate if the numerical method of 
indexing the position of substituents in the sugar chain, which was 
first proposed by one of us several years ago (Irvine, P., 1913, 29, 
69), were in any way dependent on the accuracy of the formulae 
which have rendered its adoption a necessity. 

All the examples quoted by Karrer in illustrating the use of the 
nuinerical method are incorrect, as the substituents are placed in 
the wrong position. Eight out of the ten formulae show sub- 
stituting groups in the 3-position. In each case this has been 
arrived at through the mistaken idea that in monomethyl glucose 
the alkyloxy-group is attached to the third carbon atom of the 
chain. There is no evidence, beyond Karrer’g statement that it is 
80 , in favour of such a structure, and experimental results clearly 
indicate the 6-position. The remaining two examples he gives 
refer compounds to y-fructose, a unit which is not present. 

E X P E R I 31 E X T A L. 

Conversion of (t-Fnictosediaceione into Fructosemonoacetone. 

The fructosediacetone required was pre]iared essentially as 
described by Irvine and Hynd {loc. cit.), but in vioAV of the marked 
instability of the compound towards acids it was found advisable 
to have a small quantity of finely powdered barium carbonate 
present when solutions were heated or concentrated. Even after 
careful neutralisation, crude acetone sugars show a tendency to 
develop acidity when heated in solution, and this precaution is 
necessary to obtain satisfactory yields, as other-wise hydrotysis 
takes place to a considerable extent. The product was recrystal- 
lised, first from low-boiling petroleum containing a little ether, and 
finally from light petroleum alone. 

The partial hydrolysis of friicto.scdiacetone was conducted under 
the conditions laid down by Irvine and Garrett [loc, cit.), a solution 
in Od per cent, hydrochloric acid being preserved at 30°. It is 
noteworthy, as an example of the difficulty in obtaining uniform 
preparations of fructoseacetones, that the constant rotation (calcu- 
lated on the weight of material taken initially) when the semi- 
hydrolysis was complete was [aju — 123°. This is 5° low'er than 
that found by Irvine and Garrett, and the difference was also detect- 
able in the fructosemonoacetone finally isolated. After two crystal- 
lisations from ether and one from ethyl acetate, the compound 
melted at the correct figure (120 — 121°), and the melting point 
showed no depression when the compound was mixed with an 
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authentic specimen. The specific rotation in aqueous solution was, 
however, [«]!?“ -- 145-0^ in place of 158-9^ As fractional crystal 
lisation yielded crops showing uniformly the same activity, it 
appeared that the preparation was optically homogeneous, but a 
result described later shows that this was not the case (Found ; 

C = 49-15; H = 7-28. CgHisOg requm^^s C = 49-09; H = 7-27 
per cent.). 

Trimethyl Fructoseinonoacetone . 

Fructosemonoacetone {1 mol.) was dissolved in the minimum 
quantity of methyl alcohol to effect solution, and alkylated in the 
usual way ^vitll silver oxide (3 mols.) and methyl iodide (6 mols.). 
Initially, half the total amo\]Tit of silver oxide was used and the 
heat of reaction was then sufficient to maintain the solvent at the 
boiling point for one hour. When this spontaneous reaction had 
subsided, the remainder of the oxide was added and the process 
was completed by heating on a water-bath for eight hours. The 
product was extracted with boiling ether and, after filtration, the 
solution invariably deposited a crystalline crop amounting to about 
20 per cent, of the material subjected to methylation. This was 
removed and after recrystallisation from ether was shown to be 
unchanged fructosemonoacetone (Found : C = 48-92 , H = 7-28. 
Calc. C 49-09 ; H 7-27 per cent.). The constants determined 
on this specimen’now agreed closely with those recorded by Irvine 
and Garrett (m. p. 120-I21^ in water, - 156-8'^) so that 
the fructosemonoacetone originally used was a mixture of stereo- 
isomerides. When subj ected to further methylation, this recovered 
material behaved normally and yielded the corresponding trimethyl 

derivative. i < . 

After isolating the syrup contained in the ethereal extract 
described above, it was subjected successively to a second and a 
third methylation in which the same proportions of alkj^lating 
reagents were eiuploved, no extraneous solvent being, however, 
necessary in either case. Distillation under diminished pressure 
yielded a colourless syrup, but as the indefinite boiling point showed 
that the methylation was incomplete, three further alkylations 
were given before systematic fractional distillation was attempted, 
The pure compound was a mobile liquid (b. p. 135— 138710 mm. , 
1-4575) which showed a wide range of solubility and behaved 
as a glucoside towards Fchling’s solution [Found : C = o4^7d ; 
H = 8-33 ; OMe = 32-2. requires C = 54-98 ; H - 

8-39; OMe = 35-5 per cent.]. 

[ajy, in water, - 147-9® for c = 0-902. 

in ethyl alcohol, — 125-7® for c = 0-887. 

[<, in acetone, - 125-0® for c = 1-208 per cent. 
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Conversion of Trimethyl Fmctosemonoaceto7ie into Teiramethyl 
Fructose, 

Stage I, — Hydrolysis. A 4 per' cent, solution of trimcthyl fructose- 
monoacetone in 0-1 per cent, aqueous hydrochloric acid was hydro- 
lysed by heating at 80"". The reaction was complete in two and a 
half hours, the specific rotation having then diminished to — 100"', 
and was arrested by shaking with silver carbonate. Thereafter the 
filtered solution was heated with cliarcoal for one hour at 60°, 
again filtered, and the solvent evaporated iinder diminished pressure. 
Trimethyl fructose was thus obtained as a viscous syrii]) ([alj>, in 
water, - 115*9°). 

. Stage H. — Condfusation with uwihyl alcohol, A solution of 
trimethyl fructose in methyl alcohol containing 0-22 per cent, of 
hydrogen chloride was heated at 40° for four hours, when the 
rotation became constant. The solvent employed was entirely free 
from acetone, as otherwise acetone derivatives of fructose were 
regenerated in the condensation. After neutralisation mth silver 
carbonate, treatment with charcoal, and removal of the solvent 
under diminished pressure, trimethyl methyifructoside remained 
as a colourless syrup, 

Stage HI. — Metkylation. The fructoside was twice methylated 
in the customary manner with silver oxide (3 mols.) and methyl 
iodide (6 mols.), the product being isolated at this stage and dis- 
tilled. In this way, non-volatile by-products which resisted methyl- 
ation were eliminated. After a third methylation, tetramethyl 
methyifructoside was obtained as a colourless liquid, b. p. 130^ 
134°/I1 mm. 

Stage IV.— Hydrolysis. The subsequent hydrolysis was carried 
out in the usual manner by heating for one hour at 100° with 
1-2 per cent, hydrochloric acid. The sugar finally isolated crystal- 
lised in the characteristic form of tetramethyl fructose and, after 
purification from light petroleum, gave correct analjdical figures 
and the physical constants accepted as the standards for this 
sugar (in. p. 95—97°; [a]?; -- Sl-r in water). 

Condensation of y-Jlcihylfnictoside with Aceione. 
y-Methylfructoside ([«]o + 1G° in ethyl acetate), when boiled 
for throe hours with excess of pure acetone, dissolved only to a 
slight extent and failed to condense with the solvent. On the 
other hand, reaction took place when the fructoside was shaken 
in^the cold Mth twenty times its weight of acetone containing 
•- per cent, of hydrogen chloride. After twenty hours’ treatment, 

I e liquid wa.s neutralised with lead carbonate, filtered, and, in the 
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presence of barium carbonate, evaporated to dryness. Tte product 
immediately crystallised completely and, after recrystalliaatiou 
proved to be identical with Fischer’s a^fructosediacetone (m. t) 
119 — 120°; [ajp, in water, — 160-1°). As the y-methylfmctoside 
used was not entirely dissolved in the acid acetone, the yield 
of the order 60 per cent., but it is evident that the reaction involves 
a complete alteration in the position of the oxygen ring. 

Conversion of Qlucosediaceione into Trimethyl-y -glucose. 

The first stage in the series of reactions was the preparation of 
glucosemonoacetonc by the semi-hydrolysis of glucose- a-diacetone. 
This was carried out according to the method described by Irvine 
and Macdonald {loc. cit.) and gave satisfactory results. Subsequent 
alkylation and conversion into trimethyl glucosemonoacctone was 
conducted in the manner adopted by Irvine and Scott {loc. cii.\ 
whose results were confirmed. Hydrolysis was effected by means 
of 0-5 per cent, hydrochloric acid, the sugar being isolated in the 
usual manner and purified by distillation in a high vacuum (b. p. 
153°/0-15 mm.) (Found : C = 48-51 ; H ~ 8’05 ; OMe ^ 42-8. 
CjHigOg requires C — 48*64; H = 8*10 ; OMe = 41*2 per cent.), 
The methylated sugar was a colourless liquid which reduced neutral 
permanganate readily and rapidly precipitated yellow cuprous 
oxide from Fehling’s solution in the cold. The compound was 
laevorotatory in water and in organic solvents ([aJi,, in aJeohol, 
— 37-3°). The Isevorotation was preserved in the corresponding 
glucoside, and the compound thus belongs to the y- series. 

Action of Alkaline Potassium Permanganate on Glycerol Derivatives. 

This reaction was studied for reasons given in the introduction. 
The glycerolacetone employed was prepared by the improved 
method recommended by Fischer [Per., 1920, 53, [B], 1606). 
After fractionation, a specimen which showed the correct physical 
constants was nevertheless very rapidly oxidised by potassium 
permanganate in the presence of alkali. The material also reduced 
neutral permanganate, a result which is due essentially to the 
presence of impurities. 

This is shown by the fact that 0*25 gram of the first fraction 
collected decolorised 10 c.c. of the neutral reagent instantaneously, 
but this reaction was much diminished after four successive dis* 
tillation§, in which the first fractions were neglected. The material 
thus obtained gave the following results : 

0*25 Gram, dissolved in water, decolorised 0*3 c.c. of iV/lO-neutral 
permanganate in five minutes : on adding a further 0*2 c.c., the 
colour persisted for twenty minutes. 
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0-25 Gram, dissolved in water containing two drops of 2^’-sodium 
hydroxide, failed to decolorise 40 c.c. of iV/lO-potassium per- 
manganate in one hour. 

0-25 Gram, dissolved in water containing 15 drops of 2A^-sodium 
hydroxide, decolorised 40 c.c. of iV/lO-permanganatc in ten minutes. 

Further purification of glyccrolmonoacetone was effected by 
shaking the above material with excess of neutral iV/lO-perman- 
ganate solution for ten minutes. The liquid was extracted witli 
ether, the extract dried, and the solvent removed. Eighty per cent, 
of the glycerolacetone used was obtained on distillation (b. p. 85^/12 
mm.) as a clear liquid possessing a faintly pleasant smell and entirely 
devoid of the acrid odour of previous specimens. The compound was 
now almost completely stable towards neutral permanganate. 

0«20 Gram decolorised 0-2 c.c. of iV/lO-permanganatc in three 
minutes. On adding a further 0T5 c.c., the colour persisted for 
forty minutes, and a total addition of 0*8 c.c. was not reduced in 
fifteen hours. 

Towards alkaline permanganate the reducing action was prac- 
tically instantaneous. 

The above specimen of glycerolmono acetone was converted into 
monomethyl glycerolacetone by the silver oxide reaction, and the 
product purified by distillation. 

0‘200 Gram did not decolorise 0*o c.c. of neutral xV/lO-perman- 
ganate in twenty minutes. 

0 200 Gram decolorised 10 c.c. of faintly alkaline xY/ 10-permangan- 
ate instantaneously. Thereafter the reduction proceeded so rapidly 
that the colour changes prevented an accurate titration being made. 

The authors express their indebtedness to the Department of 
Scientific and Industrial Research for a grant which enabled one 
of them to take part in the investigations. 
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University of St. Andrew.s. [Bixeierd, August mh , 1922 .] 


CCLIX.~TAe Constitution of Soap Solutions. Hem- 
decanesulphonic {Cetylsul phonic) Acid and other 
Sulphonates. 

By Mabel Habriet Norris. 

Hexadecanesulphosic acid, is an cxainpie of a 

ydrogen soap, and its study is of especial interest because the 
disturbing factor of hydrolysis is eliminated. Its hot aqueous 
VOL. cxxi. . A 
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solutions froth readily and possess a definite detergent action. 
It will be shown that it is a typical example of a colloidal electrolyte 
even more colloidal than sodium palmitate or stearate,* 

Experimental, 

Hexadecanemlphmic Acid,'\ 

This sulphonic acid and its derivatives have been prepared only 
by Reychler {Bull. Soc, chitn,, 1913, 27, 110, 217, 300), who obtained 
the acid hy oxidising the corresponding mercaptan, prepared from 
hexadecyl iodide. The formation of the mercaptan is quantitative, 
but the acid obtained is poor in quality and small in amount (30 to 
50 per cent.). Many unsuccessful attempts were therefore made to 
prepare the latter by using sulphite or bisulphite with solvents 
such as water, methyl and ethyl alcohols, acetone, and ether, but 
these led only to such substances as hexadecyl alcohol and hexa- 
decane. 

Hexadecyl mercaptan was oxidised with potassium permanganate, 
excess of the latter removed with oxalic acid, the solution filtered, 
and the residue washed with hot water. A small quantity of oil 
(dihexadecylsulphone) was removed by filtration. The lead salt, 
precipitated by treating the hot, slightly alkaline, aquetjus 
solution with lead acetate, having been washed with hot water 
and hot alcohol, was suspended in hot alcohol, and the acid isolated 
by passing hydrogen sulphide, filtering, and evaporating oil the 
alcohol. The product resembles soft soap, and is at first white 
or slightly yellow, but on exposure to the air or when the attempt 
is made to drive ofi all the alcohol by heating, it turns brownish- 
black without, apparently, its other properties being affected. For 
the present purpose, it was found advisable not to drive off all 
the alcohol, but to ascertain the concentration of the various 
aqueous solutions by titration in aqueous alcohol. The concen- 
trations found are expressed in weight normalities referred to 
1000 grams of water. 

0'75A"“Hexadecanesulphomc acid is a white or pale yellow, 
sticky paste at room temperature and often has a shimmering 
appearance owing to the presence of micro-crystals. 

0-02iV»- Solutions have the consistence of boiled starch solution, 
and more dilute solutions are limpid and milky. All the solutions 
froth readily on warming and shaking. On heating to 90°, a 0-7 dAw:- 
solution becomes quite mobile, although frequently small pieces of 
trai^parent or translucent jelly segregate. None of the solutious 

* For references, see this vol., pp. 621, 1101. 
f The preparative work waa carried out by Mr. D. J. Gould. 



NOEEIS : THE CONSTITUTION OF SOAP SOLUTIONS. 2163 


is quite clear at evea a 0*003iVy,-solution being slightly milky. 
The miltiness appears to be due to a small amount of colloidal 
impurity which, in the most concentrated solutions, has a tendency 
to rise to the surface on long standing at 90°. For the ultra- 
microscopic appearance, reference should be made to “ The Ultra- 
microscopic Structure of Soaps” (Proc. Roy. Soc., 1921, [A], 98, 
395). 

Dew Point and Conductivity. 

All measurements were carried out at 90° by the methods 
previously described. Great difficulty was at first experienced in 
obtaining results with the dew-point apparatus owing to tarnishing 
of the silver by traces of hydrogen sulphide given off from the 
solution of hexadecanesulphonic acid. This caused a lag in the 
appearance of the line which increased with increasing amount 
of tarnish because of decreasing visibility, and therefore the 
apparent alteration in the temperature observed with pure water 
amounted to between O V and 0-36° below that found with a 
polished tube. The appearance and the disappearance of the 
line were, however, quite definite, and gave concordant series of 
readings. Hence, a measurement was made with pure water 
immediately after that with each soap solution, without altering 
the silver tube ; the difference gave the dew-point lowering directly. 
The assumption that the reproducible results thus obtained are 
correct is supported by the fact that all these values lay between 
those previously obtained for the behenate and stearate (McBain 
and Salmon, lot. cifi, Fig. 3). 

Table I contains the results together with the van’t Hoff “ i ” 
factor and the concentration of crystalloidal material calculated by 
dividing the dew-point lowering by 0483°. 

Table 1. 

Osmotic activity of solutions of hexadecanesulphonic acid at 90°, 


Solution 

A*. 

t. 

Total 

crystalloid 

0-7573 

0-13 

0-36 

0-27 

0-6412 

0-14 

0-45 

0-29 

0-500 

0-125 

0-52 

0-26 

0-3106 

0-12 

0-80 

0-25 

0-27B9 

0-11 

0-82 

0-23 

0-1864 

(0-08) 

(0-89) 

(0-17) 

„ by extrapolation 

1-00 

0-19 


The results of conductivity and density measurements at 90’ 
are collected in Table H and Fig. 1. A complete series of measui'e- 
laents was first made (indicated by citcles on the diagram) and 
then a duplicate series in which the concentrations of the solutions 
fell between those used in the first series (represented by crosses), 

4 E 2 
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five or six readings being taken in each case. /Xqo is taken as 
calculated from measurements of the conductivity and the tem- 
perature coefficient of hydrochloric acid by Noyes. Reychler 
[Bnll Soc. chim., 1913, 27, 113), who worked at could only 
investigate solutions from iV/8 downwards, but even his results 
show a minimum conductivity at about N /25. 


Fig, 1, 



Molecular conductii^Hy of aqueous solutions of hexadecamsulphonic acid ai 90®, 


Table II. 

Conductivity of solutions of hexadccanesulpbonic acid at 90-00^. 




Specific 


a 


conductivity. 

M- 

per cent. 

♦ 0-7573 

0-9596 

0-1402 

237-0 

33-76 

0-6412 

0-9597 

0-1217 

233-7 

33-30 

0-4962 

0-9610 

0-09762 

235-8 

33-59 

* 0-3809 

0-9624 

0-075004 

227-4 

32-40 

0-3106 

0-9625 

0-05780 

211-6 

30-U 

0-27S9 

0-9631 

0-05306 

214-6 

30-57 

♦0-1854 

0-9636 

0-03523 

207-7 

29-59 

0-1824 

0-9640 

0-03361 

201-6 

28-72 

009694 

0-9646 

0-016896 

185-0 

26*36 

♦ 0-09618 

0-9647 

0-01726 

190-7 

27-17 

0 07031 

0-9650 

0-01280 

192-8 

27-47 

0-06220 

0-9650 

0-01118 

189-5 

27-01 

0-0567S 

0-9650 

0-01043 

193-4 

27-00 

* 0-04844 

0-9650 

0-008397 

181-9 

25-91 

♦ 0 02477 

0-9652 

0-004610 

193-7 

^ 27-60 

0-01746 

0-9652 

0-003651 

217-2 

* 30-94 

* 0-01284 

0-9653 

0-002592 

209-7 

. 29-87 

* 0-007298 

0-9653 * 

0-001592 

225-1 

32-01 

0-004492 

0-9653 

0-0009703 

223-4 

31-83 

♦ 0-003561 

0-9653 

* 

0-0009791 
= first scu’ies. 

284-3 

40*51 
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Discussion of Results. 

Hexadecanesulphonic acid resembles sodium palmitate and other 
colloidal electrolytes in possessing a high temperature coefficient 


Fig, 2. 
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of solubility and in being only moderately dissociated (27 per cent, 
in .0*l.?7^«,-solution). The anomalous form of the conductivity curve 
also resembles that of the soaps. 

Methods described in previous communications being employed 
and the dissociation constant of the simple crystalloidal soap being 
taken as 0-0255, the amounts of the various constituents present 
in these solutions have the values shown in Table III and Fig. 2, 
Fig. 3, which presents the data now calculated for sodium stearate 
by this new method {K — 0’06), shows very clearly the resemblance 
between hcxadecanesulphonic acid and the typical soaps; indeed 
hexadecanesulphonic acid is more colloidal than sodium palmitate 
or even stearate, coming between the latter and the behenate. 


Table III. 

The constituents of solutions of hexadecanesulphonic acid at 90^ 


Solution 

Total 


Ionic 

Simple 

Simple 

Neutral 


crystalloid. 

K'. 

micelle. 

ion. 

molecules, colloid. 

0-7573 

0-27 

0-2393 

0-2381 

0-0012 

0-0295 

0-4885 

0-6412 

0-29 

0-203 

0-198 

0-005 

0-082 

0-356 

0-4962 

0-26 

01565 

0-150 

0-006 

0-097 

0-242 

0-3106 

0-25 

0-091 

0-079 

0-012 

0*147 

0-073 

0-2789 

0-23 

0082 

0-070 

0-012 

0*136 

0-061 

0-1854 

0-19 

0-051 

0-037 

0014 

0*125 

0-009 

0-01284 


0-003836 

0-00 

0-003836 

0-0090 

0-00 

0-007298 


0-00234 

0-00 

0-00234 

0-004957 

0-00 

0-003561 


0-001442 

0-00 

0-001442 

0-002119 

0-00 


Comparison with Ring Compounds Containing the -SOgNa Gronp, 
(Experimental work by Miss D. H. Falkner and Miss M. C. Pbice.) 

The following observations, made in 1919, although of a pre- 
liminary character, afford very interesting comparisons between the 
behaviour of the long- chain paraffin compounds and the corre- 
sponding ring compounds with the same number of atoms. They 
appear to open out a promising field for investigation, provided 
that compounds of sufficient solubility are chosen for study. 

The experiments were carried out in duplicate \vith the usual 
precautions, but no special care was taken to purify the materials, 
which had been obtained from Kahlbaum. The following are the 
approximate solubilities of these substances at 86° : sodium a- and p- 
naphthalenesulphonatcs, 32 grams ; sodium naphthionate, 
27 grams; and sodium anthraquinonesiilphonate, 3 grama per 
100 c.c. Conductivity was determined at 25° and at 90°, 
being assumed as 77*6 and 231 respectively. Only enough of the 
ebullioscopic data is given to illustrate the form of the cuht, 
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Table IV. 

Conductivity of aqueous sodium a-naphthalenesulphonate at 25®. 




4?' 

. 0-4 

0*2 

0*1 

0-05 

0*025 

0*0125 

. 1*024 

1*0115 

1*004 

1-000 

0*999 

0*998 


. 45*88 

50-02 

53*88 

55-49 

57*92 

60*41 

a 

. 59-13 

64-46 

69*42 

71-50 

74*64 

77*84 




Table V. 




Rise in 

boiling point of aqueous sodium a-na 

phthalenesulphonate . 



0*2374 

0-3141 

0*469 

0-7208 

0*936 

1*663 



0-195 

0-245 

0*360 

0-540 

0*670 

1*120 

i 

1*640 

1-557 

1*532 

1*496 

1-429 

1*345 


Table VI. 

Rise of boiling point of aqueous solutions of sodium P-naphthalene- 
sulphonate. 

0*2091 0*6695 0-9593 1-090 1*253 1-573 

0*14 0*425 0*60 0*675 0-765 0*92 

i 1-337 1*268 1-248 1-236 1-203 1*168 

Table VII. 

Conductivity of aqueous sodium antbraquinonesulphonate at 90°* 

0*25 0-20 0-125 0-0625 

df 0-9815 0-9783 0-9733 0-969 

a 146*40 151*7 160-6 173-5 

a 63-95 66*25 70*13 75*75 

Table VIII contains conductivities of these sulpho nates and of 
sodium naphthionate at 90°, giving an approximate measure of the 
concentration of sodium ions present, whilst from boiUng point 
determinations is known the total crystalloidal, the difference being 
the total crystalloidal material other than sodium, and the differ- 
ence between this and the weight normality showing the amount 
of colloidal matter present. Included for comparison are the 
results taken from previous publications for potassium decoate 
\vith the same number of carbon atoms, and also the data for 
potassium hexoate. 

Although no stress can be laid on the accuracy of results in 
Table VIII, very interesting relationships are apparent. In the 
first place, there is very little colloid present in solutions of the 
salts of the ring compounds as compared with those derived from 
the con'esponding paraffin chains. The primary consideration 
appears to be the length of the molecule (compare McBain, Third 
Colloid Report of the British Association for the Advancement of 
Science, 1920, p. 20). This brings out very strikingly the com- 
parison between the otherwise almost identical naphthalene- 
sulphonates where tlie longer molecules of the ^-compounds in 
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Table VIII. 


Conductivity, osmotic activity, and colloidal content of aqueous 
solutions of sodium cc- and ^-naphthalenesulphonates and 
sodium naphthionate at 90^^. 



iV,,. 


M- 

Ka‘. 

Crystalloid. 
Total. Leas Na’. 

Total 

colloid. 

a-C,oH,-SOsNa .... 

2-0 

— 

98-0 

0-848 

2-65 

1-80 

0-20 


I’O 

1-0325 

118-6 

0-513 

1-42 

0-91 

0-09 


0-4 

— 

-{25°) 

0-24 

0-63 

(0-38) 

(0-02) 

(0-01} 

0-29 

S-Ci^Hy-SOgNa .... 

0-2 

— 

-(25^) 

0-13 

0-32 

(0-19) 

10 

1-033 

124-9 

0-54 

1-25 

0-71 

CioHslNHd-SOjNa 

1-0 

1032 

94-4 

0-409 

— 

— 


Potassium decoate 

1-0 


— 

— . 

— 



0-44 

„ hexoate 

1-0 

— 

— 

— 

— 



0-15 

„ decoate 

0-2 


— 

— 

— 

— 

0-00 


V-solution give rise to three times as much colloid as the broader 
molecules of the a-isomcrides. This is in accordance with con- 
clusions derived from the study of the closely related subject of 
liquid crystals. 

The relative insolubility of sodium anthraquinonesulphonate 
made it impossible to obtain data for similarly concentrated solu- 
tions, but the boiling-point data gave clear indication of the presence 
of much more colloid in these than in the naphthalene derivatives, 
as would be expected from the configuration of the molecule. 
When much colloid is present, the Beckmann metliod here used 
is inapplicable and recourse innst be had to the method of dew- 
point lowering. 

Summanj. 

1. Hexadecanesulplionie acid is a liydrogen soap having the 
typical behaviour of a colloidal electrolyte in its conductivity, osmotic 
activity, and high temperature coefficient of solubility. Its place is 
amongst the highest soaps, between sodium stearate and behenate. 

2, The behaviour of sodium a- and (5-naphthalenesulphonates 
and of sodium anthraquinoncsulphonate lends support to the 
assumption that the length of the molecule is an important factor 
in producing a colloidal electrolyte. Thus the a-form is less 
colloidal than the ^-form, and the ring compounds are far less 
colloidal than the open -chain compounds with the same number 
of carbon atoms. 

My thanks are due to Professor J, W. McBain, at whose suggestion 
this work was carried out, and to the Colston Research Society 
of the University of Bristol and the Research Fund of the Chemical 
Society for grants for materials. 

Department of Physical Chem[stry, 

Tue University, Brustol. [Received, July 29 ih, 1922 .] 
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CCLX »' — The Labile Nature of the Halogen Atom in 
Organic Compounds, Part V, The Action of 
Hydrazine on the Halogen Derivatives of some 
Esters and Substituted eyeloHexanes, 

By Edmund Langley Hirst and Alexander Killen Macbeth. 

In previous papers of this series (this voL, pp. 892, 904, 1109, 
1116) it was shown that under certain conditions of molecular 
structure the halogen atom in organic compounds may readily be 
removed by the action of reducing agents. The hypotheses proposed 
by various workers to account for this reactivity appeared unsatis- 
factory, but an explanation derived from the point of view of the 
polarities of the constituent atoms of the molecule and the alternate 
effect in the carbon chain led to the conclusion that halogen atoms 
susceptible to reduction are endowed with an induced electro - 
positiveness, and their specific chemical properties arc connected 
with this factor. In this paper, the action of hydrazine hydrate 
on a further series of representative substances is discussed, and 
additional evidence in favour of the above view is submitted. 

It has already been pointed out that nitrogen-halogen compounds 
are very reactive, decomposing hydrazine hydrate in the cold with 
the quantitative liberation of nitrogen. The substances of this 
type previously examined were compounds such as A^-chloroacet- 
anihde, acetobromoamide, and sulpli ouch loroani ides. In these, 
disregarding the polarity of the nitrogen atom it, self, the lability of 
the halogen atom is due to t he influence of the adjacent carbonyl 
or sulphonyl group. It is to be expected tliat if the reaction is 
connected with the polarity of the oxygen atom.s in the carbonyl 
groups, the introduction of a second cariumyl group in the oc- posit ion 
to the nitrogen atom would increase tlie reactivity of the halogen. 
This view may readily be tested, for tlio required eouditions are 
realised in compounds such a.s suceinbromoimide ; and these arc 
found to be exceptionally reactive, liberating nitrogen quantitatively 
from hydrazine in accordance with the equation 

2CH2-CO^j^^ -f + X., -K 2HX. 

CH^-CO ■ ■ CH,-CO ■ 

The reaction is of so vigorous a nature tJiat it takes place with 
explosive violence wben a few’ drops of a 50 per cent, solution of 
hydrazine hydrate are added to a liU le of the dry succinchloro- or 
succinbromo-imide ; the expected increase in reactivity is thus 
borne out. 

4e* 
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Although the halogen atom in nitrogen-halogen compounds is 
readily acted upon by reducing agents when carbonyl or sulphonyl 
groups are present in the a-position to the nitrogen atom, it woid^ 
appear that the presence of such groups is not essential to cause, 
lability. It is true that the halogen becomes more labile on account 
of the influence of such groups, but the nitrogen atom itself 
electronegative, and in virtue of this a halogen atom attached to it 
acquires an electropositiveness sufficient to make it easily removable 
in the presence of a suitable reagent. iV-Tetrachloroethylenedi. 
amine, for example, is reduced by potassium iodide and acetic acid 
with the quantitative liberation of iodine (Chattaway, T., 1905, 87 
145), and 1-chloropiperidine is acted upon by hydrazine hydrate 
with the steady evolution of nitrogen in accordance with the 
equation 

2C5H10NCI -{- NHa-NHa = 2C5HiiN,HCl + 

In extension of the results obtained with the series of hromo- 
malonio esters (this vol., p. 904), it seemed of interest to examine 
the bromo-derivatives of the acetylsuccinic esters. If these are 
brominated in the a-position, the halogen atom would be under the 
joint influence of the carbonyl and carbethoxy -groups, and previous 
results have established the fact that under these conditions the 
halogen atom is easily removed by hydrazine and other reducing 
agents. The product obtained on the bromination of ethyl acetyl- 
succinate reacted only slightly with hydrazine hydrate, and the 
volume of liberated nitrogen indicated that the substance was 
mainly the y-bromo -compound and contained at most some 18 per 
cent, of the a-bromoacetylsuccinate. This result is supported by the 
work of Euhemann and Hemmy (T., 1897, 71 , 330), who concluded 
that the product obtained on brominating ethyl acetylsuccinate 
was the y-bromo'derivative. The constitution was deduced from 
a study of the decomposition products resulting from the bromo- 
ester on distillation under reduced pressure. Ethyl y-bromo- 
methylacetoacctatc had previously been showm to lose ethyl bromide 
by the action of heat, forming a-incthyltetronic acid {Roubleff, 
Anmlen, 1890, 259 , 261; Hantzsch, ibid., 1890, 266 , 90; Wolff, 
ibid., 1895, 288 , 11). Ruhemann and Hemmy found that on 
distillation ethyl bromoacetylsuccinate also lost ethyl bromide and 
was converted into ethyl (o-carboxy-a-methyltotronate, a change 
which may be expected if the compound has the y-bromo-structure : 

CHa-CO-CH'CH^'CO^Et (^H^-CO-f^H-CHg-COaEt , 

Br EtOgC 0 CO 

He bromination of ethyl diacetylsuccinate also seems to yield 
mainly the y»dibromo* derivative, for on treatment with hydrazine 



the HALOGBlf ATOM IN OROANIO COMPOUNDS. PART V. 2171 


the nitrogen evolved corresponds with a content of about 21 per 
cent, of the a-dibromodiacetylsuccinate. This result is in agreement 
with the observation of Wolff and Junker {Annalen, 1913, 399, 
309), who deduced the y-bromo- structure for the compound from 
the fact that on heating for some time at 150—160'’ the ester was 
converted into bistetronic acid, a change which is readily accounted 
for by the loss of ethyl bromide : 


nof CO^Et 

9H2-C(OH)^p.p^C(OH)-CH 
0 0 


2 4- 2EtBr. 


The formation of the y-bromo-derivatives on the bromination of 
acetylsuccinic esters is contrary to expectation, inasmuch as it is 
natural to assume that in the enolisation which precedes bromination 
the hydrogen atoms would be drawn from the methylene groups 
between the carbonyl groups, a course which postulates the form- 
ation of an a- bromo- compound. Enolisation may, however, follow 
a different course and involve a hydrogen atom of the terminal 
methyl group : in this case, bromination would lead to the formation 
of the y-bromo-com pound. Briihi (Ber., 1894, 27, 2378 ; J. pr. 
Ghm., 1894, [ii], 50 , 119) has suggested that enolisation of this 
type may occur, for ethyl diace tylmalonate corresponds in its 
optical.properties with an enol of the formula (CH2:C-0H)2C(C02Et)2. 
Further, Bielecki and Henri {Compl. rend,, 1914, 158 , 1022) have 
assigned an abnormal formula, involving such enolisation, to 
acetylacetone, CH3-CO-CH2-C(OH):CH2. Auwers and Auffenberg 
{Ber., 1917, 50 , 929) disagree with the cnolisations just described, 
and it is probable that in the acetylsuccinates normal cnolisations 
occur which lead to the formation of the a-bromo-derivatives. 
These probably undergo intramolecular change, under the influence 
of hydrogen bromide, and arc converted into the y-bromo-com- 
pounds. In support of this view, it may be pointed out that it has 
been shown that bromination, in the presence of a halogen acid, is 
a necessary consequence of the presence of a very electropositive 
alogen {this vol., p. 894). The migration of the bromine atom 
rom the ac- to the y*position in the acetyl esters may be expressed 
as such a reaction, the conversion of ethyl a-bromoacetoacetate 
into the y-compound (Hantzsch, Ber., 1894, 27, 356, 3168 ; Conrad, 
er., 1896, 29, 1042) taking place according to the scheme 


CH3'C0*CH:Br-C02Et ^ 

HBr 


CHj-CO-CHj-COjKt + Br, 

OHjBr-CO-CHj'cOjEt -f HBr. 
4e* 2 
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Both reactions may be regarded as reversible, but if the 
reaction in the second stage is the slower, the change will result in 
the accumulation of the y*bromoacetoacetate. The formation of 
ethyl y-bromoacetylsuccinate by the bromination of ethyl acetyl, 
succinate may be accounted for in a similar way. In this connexion 
it is interesting to note that Smith {J. Amer. Chm. Soc., 1922 , 44 
216) has shown that when bromine is passed into ethyl acetoacetate 
by a rapid current of air, which both introduces the bromine and 
sweeps out the hydrogen bromide formed, the sole product of the 
reaction is the a^bromo-ester. 

An alternative explanation of the a- to y-bromo-change has 
recently been put forward (IMorgan and Drew% this vol., p. 928) in 
^vhich it is suggested that the conversion may be accounted for by 
the transitory formation of a cyclic enolic compound, the terminal 
methyl group being involved in the enolisation. Smith’s observ- 
ation may be brought into line Avith this view if it is supposed that 
hydrogen bromide acts as a catalyst for the change. 

The halogen derivatives of cyc/ohexane-3 : S-dione have been 
prepared and studied in some detail hy various workers : 4-bromo‘ 
cyc/ohexane-3 : o-dione by Merling {Annalen, 1894, 278, 42) and a 
full series of mono- and didialogeti derivatives of 1 : l-diniothji 
cyctohexane-3 : 5-dione by Vorliinder and Kohlinann 
1902, 322, 239). Marked differences in the chemical properties of 
the mono- and di- halogen derivatives were noted. 4-Bromo- 
1 : l-dimethylcyc/ohexane-3 : o-dione, for example, is odourless and 
behaves as a monobasic acid, which readily dissolves in alkali and 
forms a neutral sodium salt. The bromine atom is very stable, 
withstanding the action of hot alkali or sodium ethoxide. In this 
respect, it resembles the monohalogen derivatives of diketohydi-- 
indene (Zincke, Ber., 1887, 20, 1271; 1888, 21. 293; Roser and 
Haselhoff, Annahv, 1888, 247, 148). The 4 : 4-dihalogen deriv- 
atives, on the other hand, have a pungent smell and are msolubk 
in alkali. They act as oxidising agents and liberate iodine from 
potassium iodide : in addition, one of the halogen atoms is easily 
removed by the action of alkali or sodium carbonate. Vorlander 
was of opinion that these differences were not expressed by the 
ordinary structural formulse of the compounds, and he proposed 
the bromoxyl structure (III) to account for the special chemical 
properties of the dihalogcn compounds. 

(I.) MejC<®2_^p^>CBr (El 

Me 2 C<Qg 2 .c( 03 [j>CBr (ill.) 

The main idea in adoptinjg the bromoxyl formula was to expres 
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the oxidising properties of the dihalogen compounds, and to differ- 
entiate them from substances containing the keto-hromide structure 
.CO-CBrg’CO’, such as the dibromomalonic esters, which he regarded 
as being without oxidising action. This contention, however, is 
invalid, for it is now known that the malonic compounds rapidly 
oxidise hydrazine and hydriodic acid, having this property in 
common 'wdth the dibromo-compounds mentioned above : and it 
has been further shown (this voL, p. 1109) that the bromoxyl 
structure does not occur in the malonic series. According to the 
views expressed by Vorlander, a great number of the compounds 
described as keto* chlorides and keto-bromides are in all probability 
organic esters of hypochlorous and hypobromous acid; but there 
seems to be no weight of evidence in favour of this view, and 
much can be submitted against it. Norris and Thorpe (T., 1921, 
119, 1199) have prepared the chloro- and bromo-derivatives of 
cyclohcxanespirocycZohexane-S : 5-dione corresponding with the 
halogen derivatives of 1 ; l*dimethylcyclohexane-3 : 5-dione men- 
tioned above; and they find that there is a close resemblance 
between the chemical properties of the corresponding compounds. 
The bromoxyl formula is disproved by the preparation of an identical 
fydohexane5piVo-4-chloro-4-bromocyclr)hexane-3 : 5-dione both by 
brorainating the 4-chloro-com pound and by chlorinating the 
4-bromo-coinpound ; similar experiments carried out with 1 : 1-di- 
iuethylc^clDhexane-3 : 5-dione also show that the halogen substitu- 
tion is confined to the 4 -posit ion. 

The monohalogen derivatives of tlie c 3 Tlic compounds mentioned 
above are not acted upon by hydrazine hydrate, and the stability 
of the halogen atom is doubtless due to the influence of the adjacent 
double bond, for the absence of reactivity in such cases is well 
established. The dichloro-derivatives also do not react with 
hydrazine, and this is in common with tlie behaviour of 3 : 3-di- 
chloroacetylacetone and other compounds in which the chlorine 
atoms are subjected to tlie influence of two carbonyl groups alone. 
The dibromo-compounds and the chlorobromo -derivatives, on the 
contrary, react immediately with hydrazine, and one bromine atom 
is thereby removed. The reaction is quantitative, and measurement 
of the liberated nitrogen furnishes a good method of estimation for 
these compounds. 

The examples just referred to fall into line with the cases pre- 
viously discussed (this voL, p. 1116). Attention was there directed 
to the fact that, from the point of view^ of the polarity of the oxygen 
atoms and the resultant electropositiveness, a chlorine atom should 
be more stable than a bromine atom; for, on account of its 
inherently more electronegative nature, the alternate effect results 
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in a leas electropositive atom than is the case with bromine under 
the same stimctural conditions. The lability of the bromine atom 
in the compounds referred to above, when contrasted with the 
stability of the chlorine atom in the corresponding dichloro- 
derivatives, furnishes striking support for this view. The resistance 
offered by the chlorine atom to reduction by hydrazine in the cases 
discussed made it seem of interest to examine the chloro-derivatives 
of malonic ester. A series of such compounds was examined, and 
the lower members were found to oxidise hydrazine quantitatively 
in terms of the equation 

SR-CClICOaEtjj + NHa-NHa = 2R-CH(C02Et)j + N, + 2HC1 [Vi.) 

Ethyl propylohloromalonate, however, reacts only very slowly, and, 
even after four hours, less than 50 per cent, reduction is found to 
have occurred. This result is in agreement with those previously 
recorded (this vol., p. 904), the sterio effect of the substituent 
group manifesting itself in the higher members of the series. 

It is evident that the chloromalonic eaters have a greater oxidising 
power than the dichloro-compounds prepared by Vorlander and by 
Thorpe, although the former worker regarded them as true keto- 
chlorides and assigned a bromoxyl formula to the cyclohexane 
derivatives to account for their supposedly greater oxidising powera. 
The greater reactivity of the chlorine atom in the malonic deriv- 
atives seems to be connected with the fact that it is subjected to 
the influence of the two ethoxyl groups in addition to that of the 

two carbonyl groups. . , i i 

\s a further example of the labile nature of the halogen atom 
in\he aliphatic nitro-compounds, a-bromo-ocoodinitroethane was 
examined. It reacts with hydrazine hydrate, nitrogen being quickly 
liberated in accordance with the equation 
2CH3'CBr(N02)2 + NH 2 ‘NH 2 = 2CH3-CH(N02)j + + 2HBr (V.) 

It is hoped later to submit spectrographio evidence m support of 
the keto-bromide structure of the various cyclohexane derivatives 
referred to in this paper. 


Experimental. 

The action of hydrazine on the undermentioned substances took 
place in a Van Slyke nitrometer. Hydrazine hydrate (50 per cent. 
itioi was used in all cases, and 1 c.c. furnished sufiicient exc«s 
for the quantities of halogen compo^ds used m experm 
Suwinchloroimide was prepared by a modification o B ^ 
method (Ber., 1886, 19, 2273). A slow stream of chlorme vas 
passed into a solution of sucoinimide in 15 per cent, so i 
gcSixide. the whole being oooled in ice. The ohloro-derivative 
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sepa-rated out, and waa filtered off, washed with water, and dried 
on a porous tile. It was thus obtained as a beautiful, white, 
crystalline substance, m. p, 149*^. 0*267 Gram, when* washed into 
the nitrometer with a small quantity of alcohol, liberated 24-4 c.c. 
of nitrogen at 14° and 734 mm. The bimolecular quantity therefore 
liberates 28' 15 grams of nitrogen, so the reaction proceeds according 
to the general equation already given. 

Succinbmnomide was prepared by Lengfeld and Stieglitz’s method 
{Amer. Chem. J,, 1893, 15, 215). It is a white, crystalline solid, 
]n. p. 174°. 0-356 Gram liberated 24-2 c.c. of nitrogen at 14° and 
738 mm., so the bimolecular quantity corresponds with 28*08 grams 
uf nitrogen, which is in good agreement with the equation already 
given. 

X-ChloTopipcvidine. Twelve c.c. of piperidine were gradually 
added to a well-cooled aqueous solution of sodium hypochlorite 
containing 2-5 per cent, of available chlorine. After the vigorous 
reaction ceased, the product was extracted with ether, the extract 
dried vrith calcium chloride, and the solvent evaporated off at 
room temperature under a pressure of 12 mm. The chloropiperidine 
thus obtained is an oil of 90 per cent, purity : it is very unstable, 
crystals of piperidine hydrochloride forming in the course of 
twenty-four hours. 0*1800 Gram, on treatment with hydrazine, 
liberated 16'2 c.c. of nitrogen at N.T,P,, so the sample contained 
90'1 per cent, of 1 -chloropiperidine. 

Ethyl y-Broimacetyls'iiccimte.-—Acety]a\iccimc ester, b. p. 139°/12 
mm., was prepared by the action of the calculated quantity of 
ethyl chloroacetate on the dry sodium derivative of ethyl aceto- 
acetate. It was brominated by the addition of bromine (1 moL), 
in chloroform, to a solution of the ester in the same solvent. The 
product ■ was washed with water and dilute sodium carbonate 
solution. After further washing with water, the chloroform solution 
was dried with anhydrous sodium sulphate, and the solvent removed 
under greatly reduced pressure. The bromo-compound showed signs 
of decomposition on distillation, even at a pressure of 8 mm., and 
m a further preparation distillation was not attempted. The 
product oxidised hydrazine to a slight extent, 0*590 gram of the 
ester liberating 4-5 c.c. of nitrogen at 16° and 736 mm. This 
corresponds with 18*5 per cent, of the a -bromo-compound. 

Ethyl Dibr(modiacetylswcinate.---T:hQ diacetylsuccinate was pre- 
pare in the usual way by the action of iodine on ethyl sodioaceto- 
acetate. It was brominated by the gradual addition of bromine 
mols.), in chloroform, to a solution of the ester in the same 
so vent. After washing as described in the case above, the chloro- 
form solution was dried with calcium chloride, and the solvent 
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removed under greatly reduced pressure. The residue was a 
colourless, viscid syrup which reacted slightly with hydrazine; 
2'7 grams were dissolved in 25 c.c. of alcohol, and 10 c.c. of the 
solution liberated 13 '2 c.c. of nitrogen at 16° and 750 mm. This 
corresponds with 21*2 per cent, of the a-bromo-compound. 

i‘Chloro-\ : VdmethyhyQlohemne-^ : 5-dw??ie.— The 1 : l-dimethyK 
cyciohexane-3 : 5-dione was prepared by the condensation of mesityl 
oxide * and ethyl malonate by means of sodium (Vorlander and 
Erig, Annalen, 1897, 294, 314). This was converted into the 
chloro-coinpound by the addition of an aqueous solution of sodium 
hypochlorite to a solution of the parent compound in dilute alkali. 
On acidifying with hydrochloric acid, the chloro- compound was 
precipitated, and was crystallised from dilute alcohol. The chloro- 
compound, m. p. 161°, is not reduced by hydrazine. 

i-Bromo-1 : hdimethylcyciohexane,-^ : 5-dione was prepared by the 
action of bromine on the parent compound (Vorlander and Kohl- 
mann, loc. cit.). It is without action on hydrazine, 

4 : 4:-Dichloro-l : l-dhnetkylcyclohexane-^ : 5‘dione was prepared 
by the action of chlorine on an ice-cold solution of the parent 
substance in chloroform. It w^as crystallised from dilute alcohol, 
and found to be unacted upon by hydrazine. 

4 : 4L-Dibromo-l : l-dnneihykychhexane-S : 5‘dione was prepared 
by triturating the parent compound with the calculated amount of 
bromine, a little water being present. The product was crystallised 
from a mixture of equal parts of alcohol and w^ater, and then melted 
at 144°. It reacted readily with hydrazine, 0-596 gram liberating 
23-5 c.c. of nitrogen at 13° and 760 mm. The bimolecular quantity 
therefore liberates 28*18 grams of nitrogen, one atom of bromine 
being quantitatively removed in the reaction. 

A:-ChloroA-hromo -\ ; l-dmeihylQyQ^eihexane-'^ : 5 -dionc was prepared 
by triturating the monocliloro-compound with bromine (1 mol.) in 
the presence of water. It was crystallised from equal parts of 
alcohol and waiter, and then melted at 138 139 . It reacted 
quickly with hydrazine, 0-507 gram liberating 23-6 c.c. of nitrogen 
at 14° and 755 mm. The bimolecular quantity therefore liberates 
28-07 grams of nitrogen, and the bromine atom is quantitatively 
eliminated in the reduction. 

eydoHexanea^iio-Ukloro- and cycloHexane^nroA-brom-cydo^ 
hexane-^ : 5-dione were prepared by the methods described by Norris 
and Thorpe {loc, cit.). Neither compound reacted with hydrazine. 
The 4 : 4-dichloro- and the 4 : 4 -dibromo -compounds have previously 

* We are indebted to Dr. R. C. Menzies for the mesityl oxide used in thiB 
preparation. It was prepared by the action of calcium carbide on acetone, 
and the method proved to bo a good one. 
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tyeen examined (this vol., p. 1116). The former M'as found to be 
unacted upon by hydrazine, and one atom of bromine was quan- 
titatively removed from the latter : the cases are thus in agreement 
with the results now described. 

^ j,jQ^gaxi«;6spiro-4-cA^oro-4-6romocyc]oA.earane.3 ; 5-dione was pre* 
oared by Norris and Thorpe’s method, and was found to react with 
hydrazine with the ready evolution of nitrogen ; 0*587 gram liberated 
4*4 c.c. of nitrogen at 13° and 733 mm. The bimolecular quantity 
therefore liberates 28*19 grams of nitrogen, and the bromine atom 
is quantitatively removed in the reaction. 

Mtihyl chlormulonaie was prepared by the gradual addition of 
sulphuryl chloride {i moi.) to freshly distilled methyl malonate 
(1 mol.}, the latter being gently warmed to start the reaction. 
Having been kept for some time, the mixture was heated under 
reflux for upwards of an hour to complete the reaction, and the 
product fractionated under reduced pressure; it had b. p. 95'’/14 
oim. An alcoholic solution was prepared containing 1*665 grams 
in 25 C.C., and 5 c.c. of this .solution, on treatment with hydrazine 
hydrate, liberated 23*7 c.c. of nitrogen at 14° and 748 mm. The 
bimolecular quantity therefore liberates 27*86 grams of nitrogen, so 
the reaction takes place according to equation IV, where R ^ H. 

Methyl dichlormalomt& was conveniently prepared by the action 
of a molecular quantity of sulphuryl chloride on the monochloro- 
ester. After heating under reflux for some time, the mixture was 
kept over-night and fractionated under reduced pressure. It had 
b. p. 110715 mm. 1*005 Grams were dissolved in 25 c.c. of alcohol, 
and 5 c.c. of the solution liberated 23*9 c.c, of nitrogen at 14° and 
748 mm. The molecular quantity therefore liberates 28*1 grams of 
nitrogen, so the reaction is quantitative in terms of the equation 

CCyC02Et)2 + NHyNH^ - ^ ^^2 + 2HCI, 

Ethyl chloroi&osuccinate was prepared by the direct clilorination 
of ethyl i^osuccinate (Bischoif, Anvalen, 1894, 279, 164), It had 
b. p. 110713 mm. 2*085 Grams w*ere dissolved in 25 c.c. of alcohol, 
and 5 c.c. of the solution, on treatment with hydrazine, liberated 
24*6 c.c. of nitrogen at 20° and 743 mm. The bimolecular quantity 
therefore liberates 28*14 grams of nitrogen, so the reaction proceeds 
in agreement with the equation IV, where K = OH 3 . 

Fjthyl eihykkloromalonaie was prejtared by direct chlorination of 
the parent ester. It had b. p. I057A6 mm. An alcoholic solution 
was made containing 2*225 grams in 25 c.c., and 5 c.c. of this solution 
liberated 24*0 c.c. of nitrogen at 16° and 748 mm. The bimolecular 
quantity therefore liberates 28*02 grams of nitrogen, so the reaction 
is in accordance with equation IV, where R = GjHj. 
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Ethyl propylchloromalonate was prepared by the direct chlorination 
of ethyl propylmalonate. It had b. p. 126713 mm. and 120° /II mm. 
An alcoholic solution was prepared containing 2'366 grams in 25 c.c,, 
and 5 c.c. of this solution had liberated only 11*2 c.c. of nitrogen, 
or less than half the volume to be expected, after four hours. 

a-Br(mo-cia^-dinitroethane was prepared from nitroethane by tie 
Mowing stages, the reactions being carried out in the usual way, 
Nitroethane a-bromo-(x-nitroethane — > aa-dinitroethane 
cc-bromo-aa-dinitroethane. 1-592 Grams were dissolved in 25 c.c. 
of alcohol, and 5 c.c. of this solution liberated 23-8 c.c. of nitrogen 
at 16° and 756 mm. The bimolecular quantity therefore liberates 
28-1 grams of nitrogen, so the reaction proceeds quantitatively in 
accordance with equation V. 

One of us (E. L. H.) desires to acknowledge his indebtedness to 
the Carnegie Trust for a grant which enabled him to participate in 
the work. 

Chemical Rbseabch Laboeatoby, 

United College of St. Salvator and St. Leonabd, 
Univebsity of St. Andrews. [Beceived, August Isi, 1922.] 


CCLXI. The Interaction of Aniline and Acraldehyde, 

By Frederick George Mann. 

SoHirt’ {Ann. Suppl, 1864, 3, 358) found that aniline and acralde- 
hyde reacted vigorously when mixed, even when chilled m a mixture 
of ice and salt. After lengthy purification, he obtained an odourless, 
vamish-like solid, to which he assigned the formula 
basing this conclusion on the analysis of a platimchlonde of the 
base Schiff notes that this base gives no crystalline derivatives, 
and that if an excess of aniline bo present the “ 

beautiful red' colour. According to Koenigs {Ber., 1880, 13, 911), 
the crude acraldchyde-aniline yields on dry distillation about 7 per 
cent, of impure quinoline and a small quantity of a less volatile 
base. He suggested that the yield of quinoline might be increased 
if the material was distilled with certain metallic oxides; boilmg 
with a mixture of sulphuric acid and potassium chromate, however, 

^ In theVesdiit investigation, the crude acraldehyde-amUne was 

prepared by adding aniline to acraldehyde cooled m a 
ice and salt; the mixture rapidly yielded a , ,j 

changed to a pale yellow solid. This was 
in ether and precipitation with light petroleum, and 
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^j^orphous precipitate proved to have the composition CigH 2 oON 2 , 
being formed in accordance with the equation 

2CH2*CH*CH0 -|- 2CgH5*NH2 = Cj^gH2QON2 H- H 2 O. 

This compound, when fused or exposed in solution, develops a 
deep red colour owing to oxidation, and not, as Schiff suggested, 
owing to an excess of aniline in the original preparation; the red 
oxidation product is separated from the unchanged white base 
by means of its insolubility in ether. It has the composition 
C HggOgNj, and is formed in accordance with the equation 

2^1 8^20 ^^2 C)2 = C3G^38^3^4 H2O. 

This compound is a deep red, amorphous, feebly basic powder, 
the colour of which on exposure to light for several weeks slowly 
fades to pale brown. 

Several attempts were made to obtain quinoline from the com- 
pound CjgHgoONg, but none was successful. When slowly heated 
at atmospheric pressure, the base melts to a red liquid, and aniline 
in 78 per cent, yield slowly distils ; contrary to the statement of 
Koenigs, no quinoline could be detected in the distillate. Dis- 
tillation with metallic oxides or prolonged heating with nitrobenzene 
gave aniline but no quinoline. 

p-Toluidine reacts with acraldehyde to give the analogous com- 
pound, C 2 oH 24 ^N 2 , which on distillation regenerates the base. 

Experimental. 

The Base CigHgoONj.— Acraldehyde (8-4 grams) was chilled in a 
mixture of ice and salt and well stirred while 14-0 grams of aniline 
were slowly added. When about one-third of the aniline had been 
added, the mixture, which had at first remained a transpairent, 
hmpid liquid, suddenly became pale yellow and very viscous, 
much heat being generated, and finally the complete mixture 
rapidly solidified. After twenty- four hours, it was dissolved in 
ether, filtered free from water formed in the condensation, and 
the dilute solution added slowly to light petroleum (b. p. 60 — 80®), 
the base separating as a pure white, amorphous precipitate. If 
the ethereal solution is too concentrated, the base is precipitated 
as a viscous syrup, making furtlier treatment difficult. The base 
was filtered, dried u\er c’ a lei urn chloride and ])araffin wax until 
free from petroleum, and, before analysis, heated at 40 ’ in a stream 
of hydrogen under reduced |>ress\ire. On heating, it shrank 
together into a plastic rod at 70^ and melted at 84“ [Found : 0 = 
77‘2; H = 7*0; N = 10*0; d/, by cryoscopic method, 566 {in 
benzene), 550 (in nitrobenzene). C^gHgoONg requires C — 77-1 ; 
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H = 7-2 ; N = 10-0 per cent. ; M - 280-2]. The base is freely 
soluble in ether, chloroform, benzene, or acetone ; it dissolves in 
hot alcohol, and on cooling separates as a white powder. The 
addition of a small . quantity of dilute hydrochloric or sulphuric 
acid to its acetone solution produces a deep red colour. The 
following derivatives were prepared. 

Phtinichloride, (CisH^jON^la.HiPtCle.-Obtained by filtering , 
solution of the base in dilute hydrochloric acid directly into chloro. 
platinio acid solution. The ■phlmichhndu is a pale buff-coloured 
powder, which shrinks slightly at 240°, but does not melt helm,- 
300°, w-here it has decomposed to a brittle, black mass (Found: 
Pt = 20-1. C35H4,0,N4Cl5Pt requires Pt = 20-1 per cent.). 

Picrak, CisHjoONj'CgHjO-Na.-Obtained by direct precipitation 
with alcoholic picric acid solution in the ether-light petroleum 
filtrate from the original purification of the base. The greenish- 
brown, amorphous picrate, after purification by reprecipitatioii in 
light petroleum, shrank at 85° and melted udth decomposition at 

120 121° (Found : C = 56-6; H = 4-5; N = 13-5. CjjHjjOgXj 

re'quires C = 56-6; H = 4-5; N = 13-7 per cent,). 

Bromide.— 0-a. adding an excess of a dilute bromine solution ra 
light petroleum to the ether-light petroleum filtrate, a buff-coloured 
precipitate separated, which evolved hydrogen bromide for several 
hours. It was then shaken with dilute potassium hydroxide 
solution and purified by precipitation with light petroleum from 
chloroform solution. The pale brown, hygroscopic powder shrank 
at 110° and melted with decomposition at 178 — 180°; on exposure 
to light for three weeks, the colour faded slightly. The composition 
of the bromide is uncertain, but the base apparently adds on tivo 
molecules of bromine and then loses one of hydrogen bromide, 
giving the compound CjgHjjONjBrj (Found : C = 41-6; H = 3-4, 
Br = 46-8. CigHijONaBcg requires C=-41-6; H = 3-7; Br = 


46-2 per cent.). . . , , 

The Oxidation Product, C 3 ,H 3303 N.,.-The white base is heated 
for two hours on a water-bath, and the deep red, viscous melt is 
stirred from time to time. The yield of the oxidation product is 
increased if a few drops of strong hydrogen peroxide solution arc 
added occasionally. The molten product is allowed to cool m a 
vacuum over phosphoric oxide, and when cold the brittle red so 
is ground to a fine powder and added in small portions at a time 
to a largo excess of anhydrous ether, which is shaken throughout 
the whole operation. After several minutes’ shaking, the residin' 
is filtered and washed free from the deep red filtrate wuth dry c nee 
The brick-red powder shrinks at 126° and melts wuth decomposition 
at 143° (Found; C = 75-l; H=.6-o; N = 9-8. C 3 (iH 38 U,M 
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requires C = 75-2; H -= 6-7 ; N = 9-8 per cent.). It gave the 
following derivatives : 

Platinichloride, CagHggOaNi^aPtClg.—Prepared in the same 
way as that of the base CjgH 2 oONo, but the red compound is so 
feebly basic that much remained undissolved in dilute hydrochloric 
acid. The 'platinichloride is a dark red powder which shrinks at 
ouQ® and melts with decomposition at 280® (Found : Pt = 19-7. 
requires Pt 19-8 per cent.). 

Picraie, C36ll38^3^4>^cH307N3. — Precipitated with alcoholic 
picric acid solution from the saturated ethereal solution of the base. 
The picrate is a dark greenish-brown poivder shrinking at 100® and 
melting to a black mass at 140® (Found : C = 62*5 ; H = 4-9 ; 
N = 12*0. C 42 H 4 iOio ^7 requires C = 62*7 ; H ^ 5-1 ; ~ 12*2 

per cent.). 

Bromide . — Obtained by precipitation in light petrcleum-chloro- 
fonn solution by an excess of a dilute ethereal solution of bromine. 
l"he precipitate evolved hydrogen bromide for many hours, and was 
then treated in the same way as the bromide of the base C 181120^^2 ■ 
The dark reddish-brown pow*der thus obtained shrank at 180® 
and melted with decomposition at 280® ; analysis sho\ved it to be 
an impure tetrabromide. 

Dry Distillaiion of the Base — One hundred and fifty 

grams of the powdered base were heated gently in an oil-bath. 
The powder melted to a red liquid which darkened in colour as 
water and then aniline distilled oh. The bath ^vas gradually 
raised to 285®, when a metal-bath was substituted and the tem- 
perature raised to 450®, the complete operation lasting ten hours. 
Eighty-five grams of damp aniline had then distilled over, and 
there remained behind 50 grams of light, brittle, carbonaceou.s 
matter. Rectification of the distillate gave 78 grams of aniline 
boiling at 183—185®, which, on acetylation, gave acetanilide, 
m. p. 112®; this fraction was followed by about 2 grams of a noii- 
basio liquid in which no quinoline could be detected, and a small, 
tarry residue remained. The aniline corresponds ^^ith a yield of 
78*5 per cent. 

Aniline also resulted from the distillation of the ha^e under 
reduced pressure. 

Attempts w’ere made to dehydrate the base by mixing it with 
a large excess of 90 per cent, .wilphuric acid and then heating at 
150® for three hours; also to oxidise it by adding arsenic acid to 
such a mixture and heating at 110° for the same period. In each 
case, the product was diluted, made alkaline, and steam-distilled, 
but a small yield of aniline alone resulted and much tarry matter 
remained. Aniline in good yield resulted also from tiie distillation 
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of intimate mixtures of the base with lead dioxide and copper 
oxide, the mixture in each case being distilled from an oil- bath, 
the temperature of which rose slowly to 250°. When the distillate 
was refractionated, no q[uinolme was detected; the addition of 
the metallic oxides was therefore without efifect. 

In another experiment, the base was heated under reflux with 
its o^vn weight of nitrobenzene in an oil -bath, the temperature of 
which rose from 130“ to 190“ in the course of six hours. The dark- 
coloured product was diluted with water, acidified, and the 
unchanged nitrobenzene distilled with steam; the residue was 
then made alkaline, and further steam distillation yielded a small 
quantity of aniline, the greater part of the original base having 
been converted to a black, tarry mass, 

p-Toluidine and Acralde.hyde. — ^p-Toluidine {8*1 grams) in cold 
saturated ethereal solution ^vas added to 4*2 grams of chilled 
acraldehyde, and after twenty-four hours the pale red solution was 
added to an excess of light petroleum. The cream-coloured, 
amorphous precipitate shrank at 100° and melted at 111“ to a red 
liquid (Found : C = 77-9; H = 7-5 C2QH24ON2 requires C = 77-8; 
H = 7-8 per cent.). 

This base, on dry di.dillation, gave water and p-toluidiiie, the 
latter, when dry, melting at 43°. 

The author wishes to express his thanks to Professor ISir William 
Pope, at whose suggestion tlie work was undertaken. He is 
indebted to the Department of Scientific and Industrial Research 
for a grant which enabled the work to be carried out, and to 
Mr. Fred Flack for much help in the analyses. 

The CHEiUCAL Labohatory, 

University of CAiitfRiDOE. [Receii^ed, August 23rc^, 1922.] 


CCLXII.— TAe Mechanism of the Formation of Benzoyl- 
benzoin by Treatment of Benzoylmandelonitrile vith 
an Alcoholic Solution of Sodium Ethoxide. 

By Herbert Greene and Robert Robinson. 

Robinson and Robinson (P., 1913, 29, 266; T., 1914, 105, 1456) 
noticed that benzoylmandelonitrile (Francis and Davis, T., 1909, 95, 
1404) is converted into benzoylbenzoin together with ethyl benzoate 
and a little benzyl benzoate w^hen its alcoholic solution is treated 
with cot arnine, sodium acetate, potassium carbonate or, best of a , 
with sodium ethoxide, and they expressed the opinion that t is 
result indicates that benzoin-type syntheses are the outcome 0 
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action between two molecules of cyanohydrin or benzoylcyano* 
h drin. The difficulty which was felt in applying Lapworth’s 
vLw of the mechanism of the benzoin reaction (T., 1903, 1004) 

to the production of benzoylbenzoin was in connexion with the 
ehmination of the elements of hydrocyanic acid, which could not 
^ this case be represented as a simple process. This difficulty 
■ removed or rather elucidated by a consideration of the experi- 
ments recorded in the present communication, and strong con- 
Luatory evidence of the accuracy of Lapworth’s hypothesis has 
been obtained. If the reaction which leads to the formation of 
benzoylbenzoin occurs in the first place between two molecules of 
benzoylmandclonitrUe, there is no obvious reason why the yield 
should be affected by the addition of benzaldehyde. On the other 
hand we should expect a material increase if the necessary first 
stage is the alcoholysis of benzoyhnandclonitrile into ethyl benzoate, 
a cyanide, and benzaldehyde, which last undergoes condensation 
with a second molecule of beiizoylmandelonitrilc. We find, however, 
that the yield of benzoylbenzoin may be considerably increased 
by the addition of benzaldehyde to the reaction mixture. The 
same thing is true of the formation of bcnzoylpiperoin, 
CHA^CeHa'CO-CKlOBzj-CeHslO^GH, (1), 
which is best obtained by the action of sodium ethoxide on an 
alcoholic solution of equimolecular quantities of benzoyl-3 : 4- 
methylcnedioxymandelonitrile and piperonal. In order to test 
this point still more stringently, we attempted the condensation 
of bcnzoylniandelonitrile and anisaldehyde and found, as ^ve 
expected, that the main product was a methoxybenzoylbenzoin to 
which we ascribe the 'constitution COP]i-CH(OBz)'CgH 4 *OMe (11) 
for the reasons which appear in tlie sequel. It is thus quite clear 
that the reaction is fundamentally a condensation of benzoyl* 
mandelonitrile with benzaldehyde, and tlie probable aldol-like 
intenuediate stage (HI) must then be assumed to lose the elements 
of hydrocyanic acid with formation of benzoylbenzoin. 

The latter process camiot well be assumed to take place directly 
so as to give the enol form of the benzoylbenzoin, and the most 
natural hypothesis is that the benzoyl group wanders and becomes 
attached to the other oxygen atom. Tins gives the cyanohydrin 
(iV) of benzoylbenzoin, and the easy final stage would be the 
decomposition of this unstable derivative in tlie strongly alkaline 
solution, with formation of benzoylbenzoin. 

OK CN ‘ 

Pii'C-CHPh-OH ^ Ph-C-CHPh-OBz -> 

OBz (!)H COPh-CHPh-OBz + HCN 

(HI.) (IV.) 
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Migrations of an acyl group are of course not at all uncommon, 
and we have employed the following device in order to prove that 
the benzoylbenzoin synthesis is a new example of such a molecular 
rearrangement. By condensing together benzoylmandelonitrile 
and piperonal on the one hand and benzoylmethylenedioxymandelo- 
nitrile and benzaldehyde on the other, we obtained as the main 
products the isomeric benzoyl derivatives of inethylenedioxybenzoin. 
The isomeride from the first pair melted at 135 and from the 
second pair at 148° and one of the formulse V and VI represents the 
constitution of each of these substances. 

/0-'CH2 /O-CHj 

COPh-CH{OBz)— CHPh(OBz)‘CO(^^— 0 
(V.) (Vh) 

In order to make a definite allotment of these expressions, we 
have compared the two isonierides in respect of the ease with which 
they may be nitrated. This method has already been used hy 
G. M. Robinson (T., 1917, 111 , 109) to demonstrate the unsym- 
metrical character of azoxyveratrolc, since it was found that only 
one nucleus was nitrated or brominated in acetic acid solution. 
Similarly, we find that piperoin and benzoylpiperoin yield only 
mononitro-derivatives (VII and \III, respectively) when nitrated 
in acetic acid solution, and piperil, it is important to notice, is not 
attacked under the same conditions. 



Piperil yields a dinitro -derivative (IX) when treated with con- 
centrated nitric acid, which also converts mononitropiperom into 
dinitropiperoin (X). 


(IX.) CE 




0./\/C0*C0 /\/Ox 


:CH., 




(X.) 



(XL) 


PIT 
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Further, we find that 3 : 4-methylenedioxymandelic acid yields the 
nitro-deri vative (XI) on nitration in acetic acid solution, whilst homo* 
piperonyl methyl ether is readily nitrated under conditions which do 
not affect piperonal and piperonyl ethyl ketone. It is abundantly 
clear, therefore, that V represents a substance which should be 
capable of nitration in acetic acid solution and under conditions 
which should leave a substance of formula VI unchanged. The 
experiment of the nitration of the benzoylmethylenedioxy benzoins 
gave a conclusive result, since under identical conditions the iso- 
meride melting at 135“ gave a nitro -derivative melting at 172° 
and the isomeride melting at 148° was recovered unchanged. The 
nitro-derivative must have the formula XII and therefore the sub- 
stance melting at 135° is represented by V, leaving the expression 
VI for the isomeride melting at 148°. 


0. 


(XII) 


COPh‘CH(OBz)' , I 

^\/'0 




1 i' )CH, j J'' 


Now V is obtained from benzoylmandelonitrile and piperonal 
and therefore the benzoyl group migrates at some stage of the 
reaction. It is possible to repre.sent the migration as a process 
occurring simultaneously with the elimination of tlie elements 
of hydrocyanic acid and this is shoivn below in a .scheme which 
fits into the generalised form of the pinacono.-pinacolin and bomeol- 
camphenc rearrangements (Robinson, Mem. Manchester Phil. Soc. 
1920, 64, IV, 7) The nitrile group is here regarded as a unit 
analogous to a halogen atom and tliis is only acceptable if it be 
assumed to undergo preliminary change to the wonifrile condition. 
VVith this proviso, the alternate polarities of the atoms and groups 
in the rearrangement cycle are well brought out in this example 




0 

inph 


0 


COPh 

.0 


H ' I COPh 

i < HPla ! 

P i A 

I 


Hi 


t I ^COPh 
CHPh 

I /.o 


PhC^ 


The process is thus represented as continuous, and the benzoyl 
^oup IS transferred to its new position as the result of the valency 
changes consequent on the formation of hydrocyanic 
ionic or difference if the reaction is represented a« 

and « ’ u substance which is eliminated i.s sodium cyanide, 
nd a biimlar intermediate stage can be postulated. 

the attempted the hydrolysis of the benzoates of 

benzoins, because the researches of Wren (T., 1909, 95, 
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1595) on the racemisation phenomena of 1-benzoin and its methyl 
ether indicate that it is improbable that pure substances ^ould 
result. It will probably be necessary to work with substances 
containing readily removable acyl groups such as the carbomethoxy. 
derivativeSi and it is hoped that investigations in this direction 
will be made. 

The o-nitropiperoins now described give interesting results on. 
reduction, but this matter is reserved for a future publication. It 
should be noted that dinit ropiperil (IX) does not condense with 
o-phenylenediamine, and that this is due to the effect of the nitro- 
groups in the ortho-positions was proved by the ready formation 
of 2 : 3-dipiperonylquinoxalme (XIII) from piperil and o-phenylcne- 
diamine. On one occasion only, the action of sodium ethoxide 
on an alcoholic solution of benzoylmethylenedioxymandelonitrile 
resulted in the production of a small amount of a substance, 
Ci7Hii06N, melting at 153®. This has the composition of a di- 
piperonyloxazole or isooxazole, but the substance is not identical 
with 2 ; 5-dipiperonyloxazole (XIV), which was prepared for 
purposes of comparison by the action of hydrogen chloride on a 
mixture of piperonal and its cyanohydrin in ethereal solution. 
Possibly the substance, m. p. 153®, is a dipiperonyltsooxazole of the 
formula XV. 

0 N 

CH-N . 

(XIV.) (^V.) 

The nomenclature of benzoin derivatives used in this communica- 
tion is based on the scheme : 

LJ \ 

\C0'CH(0H)/^* 

Experimental. 

Preparation of BenzoyWenzoin. 

A coI4 solution of sodium ethoxide (from 1*2 grams of sodium) 
in ethyl alcohol (25 c.c.) was added to a mixture of bcnzoylmandelo- 
nitrile (ir9 grams), ethyl alcohol (30 c.c.), and the weight ^ 
aldehyde given in the table below. Rise of temperature w^as checked 
by cooling the containing vessel in running w'ater, and ^igo^on^ 
shaking waa continued until the separation of much solid^mattti 
indicated approximate completion of the reaction. Ether (2 c.c.^ 

and water were then added to effect complete solution, an 
separated ethereal layer was successively thoroughly was e 


.i=:~C'CA:OoCH, 
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water, aqueous sodium bisulphite, sodium carbonate solution, 
again with water, and finally dried over anhydrous sodium sulphate. 
The golden syrup which remained after removal of the solvent 
slowly deposited crystals which were found to consist essentially 
of henzoylbenzoin {m. p. 125°) mixed with a little benzoin. 
The mother-liquor contains ethyl benzoate, and this substance 
isolated by distillation in steam, extraction from the 
distillate, and distillation. The henzoylbenzoin was purified by 
crystallisation from alcohol, and a further quantity recovered 
by the addition of water to the sodium sulphate used as drying 
agent. This portion, having crystallised from ether, was already 
nearly pure and merely required to be washed with alcohol. The 
yields obtained are tabulated below and the amounts of benzoyl- 
benzoin quoted should no doubt be increased, as loss is unavoidable 
in the tedious process of fractionation. 

Benzaidehyde employed. Crude yield. Benzoylbenzoin. 

None 4-4 3.2 

2*5 c.c, 6-0 4-2 

5 0 c.c. (1 mol.) 7-9 6*7 

10-0 c.c. 8*6 6-9 

Benzoylpiperoin (Formula I). 

In our earlier work, some trouble was experienced owing to 
the fact that benzoylmethyicncdioxymandelonitrile could not be 
crystallised. Subsequently, a crystal nucleus was obtained, and 
there was then no difficulty in preparing large quantities of the pure 
substance. It is necessary, however, to describe one experiment 
with the crude material, since on this occasion a substance was 
isolated which we have since been unable to produce. The nitrile was 
prepared as directed by Francis and Davis {loc. cit.) and dissolved 
in ether. The solution was washed with aqueous sodium bi- 
sulphite, dried by sodium sulphate, and the solvent evaporated. 
The residue (27-5 grams) was mixed with a cold solution of sodium 
ethoxide (from 2*4 grams of sodium) in ethyl alcohol (37 c.c.), 
when almost at once a stif? paste was produced. This was well 
stirred during half an hour, and water and ether were then added. 
A pink solid remained imdissolved and was collected and washed 
with hoi water and hot alcohol, which latter solvent removed the 
Co our. The substance was crystallised from acetic acid and proved 
to be benzoylpiperoin (see below). The separated ethereal solution 
was washed with water and in the course of a few days deposited 
some yellow crystals, which were coUected ( 0-8 gram) and crystal- 
lised twice from alcohol (Found : C = 65'9, 65-9 ; H = 3 * 8 , 4*1 ; N == 
4'8, 4*8 C 17 H 11 O 5 N requires C 0C*0 ; H = 3*6 ; N 4*5 per cent.), 
this substance is rather sparingly soluble in alcohol or ether and 
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crystallises in very thin, pale greenish-yellow flakes melting at I 535 
Its solution in benzene does not exhibit fluorescence, and in nitric 
acid it dissolves to a green solution which quickly becomes broivn. 

The ethereal mother-bquor, after separation of this nitrogenous 
compound, was evaporated and 0*4 gram of piperoin isolated by 
crystallisation of the residue from alcohol. The substance melted 
at 119— 120^ and at 120—121° when mixed with an authentic 
specimen of piperoin. The yield of pure benzoylpiperoin obtained 
was very poor (IT grams), but was much increased when piperonal 
was added to the reaction mixture. Thus crude benzoylm ethyl, 
enedioxymandclonitrile (27*8 grams) and piperonal (15 grams), 
treated with a solution of sodium ethoxide (from 2*3 grams of 
sodium) in ethyl alcohol (80 c.c.), gave 11*2 grams of pure benzoyl- 
piperoin. 

Benzoylpiperoin crystallises from acetic acid in colourless, diamond- 
shaped prisms and melts at 109° (Found : C — 08'2, 68*3 ; H = 41, 
4*0. CggHigOy requires C = 68*3 ; H -= 4*0 per cent.). It is 
very sparingly soluble in ether, alcohol, or acetone, moderately 
soluble in acetic acid, and readily soluble in chloroform or benzene. 

The substance was also obtained from piperoin by prolonged 
shaking with aqueous sodium hydroxide and benzoyl chloride. 
The product was crystallised from acetic acid and melted at 1G8". 
The melting point was raised to 168—168*5° by admixture with a 
specimen melting at 169° prepared as described above. 

2 : 6'Dipiperonyloxazole (Formula XIV). 

The sodium bisulphite compound (27 grams) of piperonal was 
converted into methylenedioxymandelonitrile by shaking with an 
aqueous solution of potassium cyanide, and the oil dissolved in 
ether (200 c.c.). The separated ethereal solution was then dried 
over anhydrous sodium sulphate, and after the addition of piperonal 
(15 grams) a stream of hydrogen chloride was passed through the 
Altered liquid -during four and a half hours. The contaming vessel 
was meanwhile cooled in a mixture of ice and salt, and a crystalline 
precipitate gradually separated. This, which is possibly a hydro- 
chloride, was collected and washed with 90 per cent, alcohol until 
colourless. The free oxazole thus obtained was crystallised from 
acetic acid containing a little water and separated in colourless 
needles melting at 213° (Found : C ~ 65*9 ; H — 3*8. Ci 7 Hii 05 i 
requires C = 66*0; H - 3*6 per cent.). The substance is readdy 
soluble in acetic acid or hot benzene, moderately soluble in cold 
benzene, and very sparingly soluble in alcohol. Its benzene an 
alcoholic solutions exhibit violet fluorescence. 1 1 is a feeble base an 
is converted by concentrated hydrochloric acid to a greenish-ye 
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sparingly soluble hydrochloride, which is hydrolysed by water or 
alcohol The strongly fluorescent solution in sulphuric acid slowly 
acquires a cherry-red colour, which becomes bro^m and then greenish - 
bro^m on gently heating. On the addition of nitric acid to a solution 
of the substance in acetic acid, a bright yellow^ liquid is produced 
and in a few minutes a nitro-derivative separates in canary-yellow 
needles. 

i'-Methoxybenzoylbenzoin (Formula II). 

A cold solution of sodium ethoxide (from 1-3 grams of sodiu?Ti) 
in ethyl alcohol (25 c.c.) was added to a mixture of benzoylniandclo- 
nitrile (11-9 grams) and anisaldehyde (11-2 grams) dissolved in 
ethyl alcohol (30 c.c.). The reaction was controlled by shaking 
and cooling under the tap during ten minutes and then allowed 
to proceed at the room temperature for two hours. Water and ether 
were then added and the ethereal solution washed with water 
sodium bisulphite solution, aqueous sodium carbonate, and then 
again with water. After drying with sodium sulphate, filtering, 
and distilling oS the ether, a syrup remained which was treated 
with a little methyl alcohol and then deposited crystals (1-4 grams). 
The substance was collected and twice recry.stallised from 90 per 
cent, alcohol (Found : C~76-l; H — o-3. C 2 <,Hj^g 04 requires 
C = 76-3 ; H — 5‘2 per cent.). This compound is moderately 
readily soluble in alcohol, sparingly soluble in ether, and melts at 
119*5 — 120-5°. The colourless prisms are seen under the micro- 
scope to be of various complex shapes, all of w'hich are possible 
representatives of the monoclimc type, Attempts to prepare 
the isomeride of this substance, that is, A-methoxybeiizoyl- 
benzoin, were unsuccessful. In an experiment similar to that 
described above but starting from benzoyl-p-methoxymandelo- 
nitrile and benzaldehyde, a substance melting at 105° was isolated 
in small yield. Tliis was identified as p-methoxybenzoin (Meisen- 
heimer, Amialen, 1907, 355 , 249), since its melting point was not 
depressed when the compound was mixed with a specimen of the 
substance produced by the method of Ekecrantz and Ahlqvist 
(Ail'iiy Kcm, Min. Geol., 1908, 3 , Xr. 13, 26). In another experi- 
ment, the proportion of sodium ethoxide employed was increased 
by 50 per cent, and in this ease a minute amount of 4'-methoxy- 
benzoylbenzoin w^as isolated. The substance was identified bv 
its melting point, 117 — 119°, wdiich was raised half a degree by 
admixture with a specimen melting at 119-120°. The quantity 
obtained was so small tliat theoretical conclusions should not, 
m our opinion, be based on the experiment. It is quite possible 
that an equilibrium 

R'CO-CH(OBz)'R' lM'H(OBz)-0O-R' 
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may be established in an alcoholic solution containing sodiunj 
ethoxide, and hydrolysis would naturally occur alongside. 

\ -Methylenedioxybenzoylbenzoin (Formula V). 

This substance was obtained by condensation of benzoylmandelo. 
nitrile (11-9 grams) and piperonal (11-0 grams) in a cold solution 
of sodium ethoxide (from 1-24 grams of sodium) in alcohol (55 c.e.) 
The reaction was allowed to proceed during half an hour, and the 
product isolated as in similar cases already described. The yield 
of crude product was 10-5 grams and doubtless this material con. 
tains a high percentage of methylenedioxybenzoylbenzoin, but its 
complete purification was difficult and wasteful. Ultimately, hv 
fractional crystallisation from a mixture of ether and light petroleum 
and by washing the more sparingly soluble fractions with dry ether 
and finally crystallising from 90 per cent, alcohol, 1-4 grams of the 
pure substance, melting at 134 — 135“, was obtained (Found: 
C = 73-4 ; H = 4-6. C22Hjg05 requires C = 73-3 ; H = 4-4 per 
cent.). This substance is sparingly soluble in most organic solvents 
and crystallises from alcohol in colourless prisms which frequently 
take the form of hexagonal tablets. 

; i! -meihylenedioxybenzoylbenzoin (Fonnula XII). 

3' : 4'-Methylenedioxybenzoylbenzoin (l-O gram) was dissolved 
in glacial acetic acid (20 c.c.) and, after cooling the containing 
vessel in melting ice, a mixtui'e of nitric acid (5 c.c. ; d 1-42) and 
acetic acid (5 c.c.) was added. Nitration proceeded under these 
conditions very slowly and accordingly a further quantity of nitric 
acid (10 c.c. ; d 1*42) was added with vigorous shaking to avoid 
local concentration. After five minutes, some of the original 
substance had separated and the flask was removed from the ice- 
water. The liquid became yellow and then orange, and a clear 
solution was obtained. iVftcr twenty minutes, a pale yellow sub- 
stance crystallised, and after a further five minutes an equal volume 
of water was added and the solid collected, washed, and dried 
(1-1 grams). The substance is readily soluble in hot ethyl acetate, 
and separates on cooling in pale yellow, dense aggregates of short, 
prismatic needles melting at 172“ (Found : C = 65*4; H = 3-8; 
N = 3*5. C22H15O7N requires C = 65-2; H==3*7; N = 3'5 

per cent.). This substance is sparingly soluble in boiling ethyl 
alcohol, and crystallises from butyl alcohol, in which it is also 
sparingly soluble, in micaceous, rectangular plates. The interest 
attaching to the formation of this compound is explained on p. 2185. 
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3 ; i-Methylenedioxybenzoylbenzoin (Formula VI). 

This substance was obtained from benzoylmethylenedioxy- 
mandelonitrile (14’1 grams) and benzaldehyde (10 c.o.) by treatment 
in the cold with a solution of sodium ethoxide (from 1'2 grams of 
sodium) in ethyl alcohol (50 c.c.). The product was isolated as 
in other cases and was purified by crystallisation from acetic acid 
and from 90 per cent, alcohol Eventually 2-5 grams of pure 
substance, melting at 147-5— 148*5®, were obtained (Found : C = 
73*1 ; H = 4*4. requires C 73-3 ; H = 4*4 per cent.). 

This compound is sparingly soluble in most solvents and separates 
from alcohol in small octahedra which have four triangular and 
four quadrilateral faces. A mixture of equal parts of this substance 
and of the isomeride, melting at 134—135®, melted at 120®, The 
nitration of this substance was attempted under conditions identical 
with those described above for its isomeride, the experiments being 
carried out side by side. No reaction occurred, and the substance 
was recovered entirely unchanged, as was proved by crystallisation 
of the product and determinations of melting point, alone and mixed 
with the original specimen. 

& -Nitropiperoin (Formula VII). 

A large number of experiments were carried out in the hope of 
increasing the yield of piper oin obtained from piperonal, but 
although some variations gave good results the improvements 
were not consistently observed. The original process of F. M. 
Perkin (T., 1891, 59, 164) appears to be the best and we are able 
to confirm the experience of this author that the yields are materially 
decreased when quantities of piperonal greater than 5 grams arc 
employed. The potassium cyanide used should be the purest 
available. Nitration of piperoin can readily be effected in stages, 
and the mononitro-derivative was obtained by operating under the 
following conditions. A mixture of nitric acid (30 c.c.; d 1-42) 
and glacial acetic acid (30 c.c.) was added with shaking to finely 
powdered piperoin (6-2 grams) suspended in acetic acid (30 c.c.). 
The containing vessel was cooled in running water at 6®, and a 
crystalline substance gradually separated from the clear yellow’ 
solution. After an hour, water was added, the solid collected and 
crystallised from alcohol, 3-9 grains of pure substance being obtained. 
In another experiment, carried out at 0® but othennse under similar 
conditions, 4-0 grams of piperoin gave 2-9 grams of the crystallised 
mtropiperoin. In this ease, the crude product was well washed 
with water and a little hot alcohol and then crystallised from ethyl 
aoetate (Found: C = 56-0: H = 3-2; N = 4*2. C,.H„0,N 
requires C = 55-7 ; H 3*2 ; N - 4-1 per cent.). The subsUnce 
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separates from ethyl alcohol and ethyl acetate in hexagonal, prjg^j 
atic needles which are pale lemon-yellow when freshly prepare([ 
but rapidly become intense yellow on exposure to light Becom. 
position ensues on heating, but if the determination be carried out 
rapidly the compound melts at approximately 166'^. It is very 
sparingly soluble in chloroform or ether, sparingly soluble in benzene, 
and moderately soluble in ethyl alcohol, acetic acid, or acetone. 
When the crude substance, obtained as described above from 4-5 
grams of piperoin, was distilled in a current of steam, 0*2 gram of 
mtromcthylenedioxybenzene crystallised from the distillate and 
in the condenser. This was collected and crystallised from methyl 
alcohol and found to melt at 148®, alone or mixed with an authentic 
specimen which had been obtained as a by-product in the nitration 
of piperonal. 

6'-iVt>o-3 ; 4 : 3' i'-dimethyknetetraoxybenzoylbenzoin 
(Formula VIII). 

Benzoylpiperoin (2 grams) was dissolved in warm acetic acid 
(10 cx.) and, after cooling, a mixture of nitric acid (5 c.c. ; d 1-42) 
and acetic acid (5 c.c.) was at once added. The solution became 
yellow and was kept at the temperature of tap water during an hoar, 
after which it was poured into water, and the precipitate collected 
and washed. The crude material was dissolved in a large volume 
of methyl alcohol and, on long standing, a yellow, crystalline crust 
separated. This was washed with hot alcohol and the substance 
then recrystallised hnce from ethyl acetate (Found: C = 61-2; 
H = 3*7. C23Hi509N requires C = 61-5; H — 3-3 per cent.). 
Nitrobenzoylpiperoin is sparingly soluble in most organic solvents 
and crystallises in slender, pale yellow needles melting at 160-5— 
161-5T 

6 : -Dinitropiperoin (Formula X). 

This substance has been prepared by the further nitration of 
nitropiperoin.by means of nitric acid {d 1-42), but it is more eco- 
nomical to nitrate piperoin directly in the following manner, Finely 
powdered piperoin {5 grams) was gradually added to nitric acid 
(200 c.c. ; d 1-42), cooled to 5®, and mechanically stirred. After 
one hour, the mixture was added to water, and the precipitate 
collected, washed with hot alcohol (50 c.c.) and hot ethyl acetate 
(100 G.C.), and crystallised from acetic acid. The yield was 3^- 
grams, and some moiiouitropiperoin could be recovered from the 
ethyl acetate extract. Dinitropvperoin is almost colourless when 
pure, and separates from acetic acid in highly characteristic, dou e 
fishtail cry'stals and nodular bundles of these. On heating, it decom- 
poses, becoming yellow to light brown at 150—160®, browm at i 
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Hark brown at 210°, and black at 240® {Found : C = 48*8, 49-6; 
H = 3*0, 2-7 ; N = 7*1. CigHioOioN^ requires C = 49*2 ; H = 2*6 ; 

== 7-2 per cent.). The substance is very sparingly soluble in 
benzene, chloroform, ether, or alcohol, sparingly soluble in ethyl 
acetate, but moderately readily soluble in acetone. A boiling 
nitrobenzene solution of nitropiperoin or of dinitropiperoin gradually 
becomes orange-red, and after long boiling a brick-red acid substance 
separates on cooling the solution. This dissolves in sulphuric 
acid to a most intense royal blue solution and on warming with 
nitric acid is converted to a bright red compound which crystallises 
from nitrobenzene in brittle needles melting with decomposition 
at 305® and at the same temperature when mixed with a specimen 
of Q : 6'-dimtro-3 : 4 : 3' ; 4' -di(methylenedioxy) azobenzene (Robin- 
son and Robinson, T., 1915, 107, 1753). The reaction therefore 
leads to the production of di(methyIenedioxy)azobenzenedicarboxylic 
acid, and is quite analogous to the similar decomposition of nitro- 
raethylenedioxymandehc acid. In the case of mononitropiperoin, 
the process occurs in all probability in accordance with the equation : 

onn n T H /CH(OH)-CO-CeH3:0,CH, 

= CH20,:CgH,<^‘i?j^vC6H,(CO,H)(O,CH,) + 

2C02H*C6H3:o2CH2. 

6 : -Dinitropiperil (Formula IX). 

Piperil {7*5 grams) was added to nitric acid (200 c.c. ; d 142) 
at 5®, and the mixture continuously stirred. After an hour and 
a half, the product was isolated and extracted with benzene to 
remove unchanged piperil. This was again nitrated, and ultimately 
the yield of the dinitro- derivative amounted to 6-0 grams. Even 
after four hours some unchanged piperil could be isolated by extrac- 
tion with hot benzene, and the insoluble residue w'as crystallised 
from a mixture of nitrobenzene and butyl alcohol (Found : C = 49-7 ; 
H = 24; N = 7*2. requires 0 = 49-5; H = 2-l; 

X = 7-2 per cent.). This substance crystallises in golden-yellow 
needles which gradually decompose above 200®. It is very sparingly 
soluble in most organic solvents, but is readily soluble in hot nitro- 
benzene. It does not react with o-phenylencdiamine in boiling 
acetic acid solution. A suspension in glacial acetic acid was heated 
at 100® and aqueous hydrogen peroxide added. A considerable 
quantity of the material passed into solution; after filtration, 
the acetic acid was removed by distillation in steam, and the aqueous 
solution filtered and concentrated. On cooling, 6-nitropiperonylic 
acid separated in yellow needles and after recrystailisation melted 

VOL. exxL ‘ 4 F 
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at 171—172“ and at the same temperature when mixed with a 
specimen obtained by the hydrolysis of methyl b-nitropiperoiiylate, 

2 : ^’DipipeTonylquinoxaline (Formula XIII). 

A mixture of piperil (2-7 grams), o-phenylenediamine (1-3 grams), 
sodium acetate (2-0 grams), and glacial acetic acid (25 c.c.) ^vas 
boiled during ten minutes. On cooling, the red solution deposit^] 
greenish-yellow crystals, and after recrystallisation from acetic 
acid the amount obtained was 2*8 grams. In another experiment, 
the sodium acetate was omitted and this did not affect the result 
materially. The substance crystallises from acetic acid in tvell. 
shaped, hexagonal tablets which arc yellow by reflected light and 
pale green by transmitted 1 i ght . It melts at 204° {¥ ound : C = 7 1 -4 ; 
H = 4-1 ; N = 7'(i. requires C = 71-4; H = 3-8; 

^ 7*6 per cent.). Dipiperonyiquinoxaline is very sparingly 
soluble in acetone, ether, or hot methyl or ethyl alcohol, moderately 
soluble in ethyl acetate, and in benzene to a solution exhibiting 
violet fluorescence. It also dissolves in hot chloroform and separ- 
ates on cooling in rhombic prisms. It dissolves in concentrated 
sulphuric acid to an intense indigo-bluc solution which becomes red 
on dilution with water. 

V/CHj-OMe 

Homopiperonyl methyl ether was obtained in almost theoretical 
amount when a molecular proportion of sodium methoxide, dissolved 
in absolute methyl alcohol, was carefully added with cooling to 
homopiperonyl bromide (Robinson and Robinson, T,, 1914, 105, 
1463), dissolved in methyl alcohol. When the temperature no 
lont^er tended to rise, the methyl alcohol was distilled, the residue 
dissolved in ether, and the extract washed with w^ater and dried 
with calcium chloride. The substance w^as purified by distillation 
and obtained as a colourless oil boiling constantly at 127 j21 mm. 
(Found : C = 64‘9; H - 6-0. requires C = 65-1 ; H = 

6 0 per cent.). When this ether was added to a 10 per cent, solution 
of nitric acid {d 1-42) in acetic acid, it was quantitatively nitrated 
in a few minutes at the ordinary temperature. The product was 
isolated by pouring into water, filtration, and crystallisation from 
ethyl alcohol (Found : C = »51-5; H = 4-5; N =- 6-7. CgHJ 05 ^^ 
requires C := 51-2 ; H = 4-3 r N = 6*6 per cent.). This substance 
is somewhat sparingly soluble in most organic solvents and crystal- 
lises in silky, golden-yellow needles melting at 114-5 115*5 . 

Some further observations on the nitration of piperonyl derivatnes 
may be quoted. Piix^ronal and piperonyl ethyl ketone {Foul 


itrohoniopiperonyl Methyl Ether, 
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and Robinson, T., 1914, 103, 1963) are practically unaffected by a 10 
yer cent, solution of nitric acid in acetic acid after a treatment five 
times as long as that which suffices to effect the nitration described 
above. Methyl piperonylacetate, CHgOalCfiHg'CHg'COaMe, is very 
readily nitrated in acetic acid solution and with formation of the 
G-nitro-derivative, CH202;CBH2{N02)‘CH2*C02Me, which may also 
be obtained by the esterification of 6-nilropiperonylacetic acid 
(Foulds and Robinson, loc. dt.) with methyl-alcoholic sulphuric 
acid Prepared in either way, methyl i^-nitrojnperonyluceiatc 
ervstallises from methyl alcohol in pale ycUov/ nccdlc.s melting at 
105° (Found : N — 5-9. requires N ^ 5'8 per cent.). 

Piperil is not changed by treatment during an hour with nitric' 
acid and acetic acid in the proportions used for the nitration of 
3' : 4 '-inethylcnedioxybenzoylbcnzoin, but methylcncdioxymandelic 
acid is rapidly converted by such a mixture into the G-nitro-deriv- 
ative, which melts at 181 — 183^ with decomposition and previous 
darkening. The substance showed the characteristic reactions 
described by Robinson and Robinson {loc. cit.). 

Benzo yl- 3 - benzoyloxy- 4 -methox y ma ndeloniirile. 


This substance was obtained by shaking an ice-cold aqueous solu- 
tion of vanillin {1 mol.), potassium hydroxide (1 mol.), and potassium 
cyanide (IT mols.) with benzoyl chloride (2 mols.). The sohd was 
collected, washed with water, and crystallised from alcohol. The 
substance separated in colourless octahedra melting at 143 — 148° 
(Found; C = 71‘0; H = 4-5. requires C — 71-3; 

H = 44 per cent.). Attempts to convert this rather sparingly 
soluble substance into a benzoin derivative were unsuccessful. 

Table of colour reactions in concentrated sulphuric acid. 


Name or formula 

Colour change. 

of substance. 

In cold reagent. 

On heating. 

Anisoin 

Yellow- green 

Reddish -purple. 

Piperoin 

1 

Reddi5h-bro\vn 

Mole gray. 

11 

Colourless — greenish-bluo 

Olive -green. 

V 

Dark green redclish- 

Dark brown. 

VI 

brov^TL 


Yellow — > green - > brown 

Reddish-brown — > reddish. 

VII 


purple. 

Reddish -bro nil 

Purplish-black — y reddish- 

VIII 


purple — > sienna. 

Yellow greenish-brown 

Reddish -purple gray. 

IX 

X 

— purplish -black 

Claret 

Pale yellow. 

XII 

Blood -red 

Carmine — > brown. 


4 F 2 


pl'nl^V^'^O^COPh 


COPh-0 
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CCLXIII. — Quantitative deduction by Hydriodic Acid 
of Halogenated Malonyl Derivatives. Pari IP yjg 
s.-Tetra-subsiiiuied Amides of Bromo- and Ckhro- 
mahnic Acid. 

By Ralph Wi:^TON West. 

In Part 1 (Backes, West, and Whiteley, T., 1921, 119 , 359), a 
description was afforded of the investigation of the action of bromiae 
on the s.-disubstituted amides of malonic acid. The work has been 
extended to include the ^.-tetra-sub.stituted amides, in which it 
has been found that substitution of bromine for hydrogen in 
chloroform or acetic acid solution only takes place in the methylene 
group of the malonyl radicle. This is in contrast to the behaviour 
of such compounds as inalonanilide and malontohiidide, in which 
substitution of bromine also takes place in the aromatic nucleus. 

During the attempts at exhaustive broraination of bromoinalon- 
mcthylanilidc and bromomalontctraplicnylaniide, these substances 
were exposed to the action of bromine vapour for several days at 
the ordinary temperature. In each case an unstable orange-red 
substance was obtained, which had the general characteristics of 
perbromides of the type mentioned by Fries [Ber., 1904, 37 , 2338; 
Anmhn, 1900, 346 , 128). These coinpo\inds, on boiling with ethyl 
alcohol, gave colourless solutions which deposited sparingly soluble 
solids having the constitution of bromomalonmcthylbromoaniiide 
and bromoinalontetrabroinophcnylamide, respectively. Further 
treatment w ith the halogen resulted in decomposition of the product 
under consideration. 

This limitation of the halogenation of the benzene nucleus to the 
mono-substituted derivative in cases where the phenyl group is 
attached to tertiary nitrogen is in accord with the results obtained 
by Fries and other workers on the problem of the bromination of 
the aromatic bases. 

The substitution of halogen for the hydrogen atoms of the methyl- 
ene group in this series of compounds has furnished phenomena 
which, whilst not of true steric hindrance ” character, must 
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nevertheless be included under the more general heading of “ strain 
interference/’ 

As the groups K and R' of a substituted malonamide, 

CH2(C0*NRR')2, 

where R and R' represent alkyl and aryl radicles or hydrogen, 
arc varied, so the behaviour of the hydrogen atoms of the methylene 
(rroup towards halogens is affected. This can be explained by 
supposing that the displacement of these hydrogen atoms is governed 
bv a factor which may he termed the strain value ” of the com- 
pound. This “ strain value ” could vary from a magnitude allowing 
the formation of perfectly stable di-halogcnated derivatives to one 
prohibiting the formation of any stable halogen compound. If 
“ potential strain values ” are assumed for the bromine and chlorine 
atoms the stability of the halogenated compound would be dctcr- 
iiiined by the resulting strain between the residue of the compound 
and the halogen atom. That this strain cannot be wholly due to 
volume steric relationships is suggested by the fact that, although 
bromine and chlorine have atomic volumes of much the same 
order, there is a wide difference between their action. This is well 
illustrated by the results obtained in the case of the substituted 
malonamides. 


Value of the group 
NRR'. 

(1) NH. 


(2) NHMe 


(3} NH-CeH,Br 

(4) X(CHjPh)2 

(5) NMePh 

(6) NPha 


Action of broiuinc. 

Both mono- ancl di-bromo- 
compounds can be iso- 
lated, hut there is a ten- 
dency to proceed directly 
to the latter. 

Both mono- and cli-bromo- 
corapoimds can readily 
be prepared. 

As in (2). 

Forms a morio-bromo- 
coriipound only. 

As in (4), 

As in (4). 


Action of chlorine. 
Only the dicliloro-nom- 
pound cun be obtained 
by direct chlorination. 

As in (1). 


The monochloro-com- 
pound can be isolated. 

Forms botli mono- and 
di-cliloro-compounds. 

Forms a monochloro-com- 
pound only. 

As in (o). 


A consideration of results (1) to (4) would lead to the belief that 
bromine has twice the “ ]K)tential strain value ’’ of chlorine, but 
results (5) and (6) suggest that tlie two halogens have equal values. 
It seems, therefore, that, in this respect, the relative “ strain values ” 
of bromine and chlorine must be greater than 1, but less than 2. 
this allows a monobromo-eom])onnd to exist under a state of 
strain too great to permit the formation of a dichloro-compound. 
In order to test tliis supposition, the action of excess of chlorine on 
a number. of bromo-compouuds was investigated. 
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Group NRR'. 

(1) NHMe 

(2) NHEt 

(3) NH'CfiH^Br 

(4) N(CH3Ph), 

(5) NMePh 
(G) NPhj 


Compound formed by the action of chlorine on : 
Monobromo -derivative. Dibromo -derivative, 

ChlorobromO'. Chlorobromo-. 

As in {!). As in (1). 

Dichloro-. — 

Monochloro-, — 


From all the foregoing it will be seen that in the combinations 
(1) to (3) the strain in the linking of the second bromine atom is 
such that this atom is readily replaced by chlorine, whilst the 
bromine of the monobromo-compounds is quite stable towards this 
reagent. In (4) it is probable that under the influence of the 
chlorine an unstable substance of the chlorobromo -type is fii^t 
formed, and is then transformed into the dichloro- derivative. 
In cases (5) and (6) the strained bromo-compounds at once give 
place to the chloro-analogues. 

Interesting confirmation of this strain supposition is furnished 
by the action of hydrogen iodide on these substances under the 
conditions laid dowm in Part I of this paper. The reaction in the 
case of the bromo-compounds proceeds readily according to the 
equations 


. ;CBr.. + 4HI = X'Hg + + 2HBr, 

. :CHBr + 2HI = ’.GHj + + HBr. 


Although in combinations (1), (2), and (3) the chlorine is not 
reactive cither in the chlorobromo* or the (lichloro-deiirati\ps, 
yet in (4) the chlorine of the dichloro-compound is slowly reactive, 
and in (5) and (6) quantitative reduction of the chloro-derivative 
takes place within a reasonable period at the ordinary temperature. 
This must mean that in these last two substances the chlorine atom 
exists under similar conditions of strain as does the bromine atom 
in the monobromo-derivatives of types (1) and (2). 

This problem differs essentially from ordinary “ stcric hindrance' 
inasmuch as the halogen atom which is most difficult to insert is the 
one most easily removed. In its basic principles, the explanation 
put forward in this paper resembles that suggested by Chattaivav 
and Harrison (T., 1916, 109, 171) to explain the reactivity of one 
nitro-group in tetranitromethane and of the bromine atom m 
bromotrinitrom ethane. . 

The labile nature of the halogen atoms in the malonamii es 
being fully investigated by the reaction velocity methods, and e 
mechanism of the reactions of this class of compounds wit j 
iodide and other reagents will he discussed in a future paper. 
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Experimental. 

M alonmeihylanilide . 

BromoindonmeihyUniUde, CHBr(CO’NMePh) 2 . — Malon methyl- 
anilide (3'5 grams; i mol.), dissolved in chloroform, was treated 
with 6-5 c.c. of a 10 per cent, (by volume) solution of bromine in 
the same solvent {1 mol.). After the solvent had evaporated, 
the residual syrup was rendered solid by treatment with 5 c.c. of 
dry ether. The yield was 3 -7 grams. Brorn/)rmlon7neihylanilide 
is "readily soluble in chloroform or acetic acid, and is sparingly 
soluble in ethyl alcohol, benxene, carbon tetrachloride, or ether. 
It crystallises from a mixture of chloroform and alcohol as stout, 
colourless prisms, m. p. 198® [Found : Br(total) = 22-20 ; 
Br(malonyl) -= 22-19. requires Br = 22-14 per 

cent.]. By the action of excess of chlorine on this compound, 
chloromalonmethylanilide is obtained. 

Broniornahnmethylbro7noanilide,f CHBr(CO*NMe‘CgH 4 Br) 2 . — Finely 
powdered bromomalonmethylanilide was kept in an atmosphere 
of bromine for seven days. A softly- crystal line, red substance was 
obtained, which behaved like a perbromide of the type described 
by Fries {loc, cit.). On boiling this compound with ethyl alcohol, 
in which it dissolved very readily, sparingly soluble crj^stals separ- 
ated out. Broinomalonrnethylbromoanilide i.s sparingly soluble in 
organic solvents ; it crystallises from ethyl alcohol in stout, colour- 
less prisms, m. p. 172° [Found : Br{total) — 46-59 ; Br(raalonyl) — 
15-07. requires Br (total) — 46-23 ; Br(malonyl) = 

10- 41 per cent.]. 

CMoromalonmetkykinilide, CHOllCO-NMePh)^. — Five grams of 
malonmethyl anilide, dissolved in chloroform, were treated with 
a solution of chlorine in the same solvent (1 mol.). After the 
solvent had evaporated, the residue (5-5 grams) was crystallised 
from ethyl alcohol, from whicii it separated in colourless prisms, 
ra. p. 187® (Found: Cl - 11-34. requires Cl- 

11- 20 per cent.). 

Solutions of both bromine and chlorine are without further 
action on this compound. 

MaUmietrapke mjh m ide . 

Brornomuhntetmphenyhmide, CHBr(CO*NPh 2 ) 2 , if^ prepared simi- 
larly to bromomalonmethylanilide by direct bromination of malon- 
tetraphenylamide in chloroform solution. The yield is nearly 
theoretical. Bromomaloi^tetraphenylamide is readily soluble in 
chloroform or acetic acid, and sparingly soluble in ethyl alcohol, 
toluene, or carbon tetrachloride. It crystallises from toluene in. 
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colourless prisms, m. p. 201° [Found : Br(total) = 1(5.52. 
Br(nialonyl) = 16-20. CajH^jOaNaBr requires Br = 16-48 
cent.]. 

By the action of excess of chlorine on this compound chloro. 
malontetraphenylaraide is obtained. 

Broinoimlontfira-bromophenylamide, CHBr[CO’N(CgH4Br)2]2, 

obtained by the prolonged action of bromine vapour on bromo. 
malontetraphenyl amide, the conditions of formation being similar 

to those obtaining in the preparation of bromomalonmethylbromo- 

anilide. Bromomahntetra-bromophenylamide is readily soluble in 
chloroform or acetic acid, but is sparingly soluble in all other 
solvents. It crj^stallises from a mixture of chloroform and ethyl 
alcohol in small, colourless needles, m. p. 169° [Found ; Br(total}=: 
50-15; Br(malonyl) - 10-00. C27Hi702N2Br5 requires Br(total)-. 
49-92 ; Br(malonyl) — 9-98 per cent.]. 

CHC^CO'NPhgja, is prepared simi* 
larly to chloromalonmethylanilide by the action of chlorine in 
cliloroform solution on m'llontetraphenylamide. The yield is 
nearly theoretical. Ghloroinalontetraphenylamide is very soluble 
in chloroform or acetic acid, readily soluble in ethyl alcohol or 
benzene, and sparingly soluble in ether or the ligroins. It crystallises 
from etlivl-alcoholic solution in colourless prisms, m. p. 204° (Found: 
Cl 8-18. 0.27112102^.201 requires 01 = 8-05 per cent.). 

Solutions of both brouiine and chlorine are without further action 
on this compound. 

Maionteirabenzyhmide. 

Bromomahntetrabenzylamide, CHBr[CO*N(CH2Ph)2]2. — One gram 
of malontetrabenzylamide, dissolved in chloroform, was treated 
with M c.c. of a 10 per cent, solution of bromine in the same sol- 
vent (1 mol.). The solvent was allowed to evaporate, and the resi- 
dual oil rendered solid by treatment with dilute sodium carbonate 
solution. Bromomalo^iktrabenzylamide crystallises from ethyl- 
alcoholic solution in colourless prisms, m. p. 137° [Found: 
Br(total) ~ 14-.)9 ; Br(malonyl) = 14*85. C3iH2902N2Br requires 
Br = 14-77 per cent.]. 

By the action of excess of chlorine on this compound, dichloro- 
malontetrabenzylamide i.s obtained. 

Chhrormlontetrabenzylainide, CHCl[CO*N(CH2Ph)2]2, is prepared 
similarly to chloromalonmethylanilide by the action of chlorine 
in chloroform solution on malontetrabenzylamide. From ethy 
alcohol the chloromalontetrabenzylamide crystallises in small 
needles, m. p. 119° (Found : Cl = 7*29. C3j^H2902N2Cl requires 
Cl = 7T4 per cent.). 
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Broniiii® in solution is without action on this compound, but 
excess of chlorine converts it into the die hloro- com pound. 

CCl 2 [CO-N(CH 2 Ph) 2 ] 2 , is formed 
by the action of excess of chlorine in chloroform solution on malon- 
tetrabenzylamide. It crystallises from ethyl alcohol as colourless 
prisms, ni. p. 138 (Found i Cl = 13’11. C3^H2g02N2Cl2 requires 
Cl = 13*35 per cent.). 

Solutions of both bromine and chlorine are without further 
action on this compound. 


Malon^'^-broTTwanilide. 


CMoromalon-'p-bromoanilide, CHCl(CO*NH-C 6 H^Br) 2 , is readily 
prepared by the action of chlorine (1 mol.) in acetic acid solution 
on raalon-p-bromoanilide. It is readily soluble in acetone or acetic 
acid, and sparingly soluble in all other ordinary organic solvents. 
It crystallises from acetic acid solution in colourless, thin prisms, 
rn. p. 239° (Found : Cl =- 7*98 ; Br = 3o‘97. CigHuOaNgClBra 
requires Cl == 7-94; Br ^ 35-81 per cent.). A solution containing 
)ne molecule of bromine reacts with this compound to form chloro- 
bromomalon-p-bromoanilide, Avliilst chlorine similarly yields 
lichloromalon-ja-bromoanilide. 

Dichlorormlon-i^^brormanilide, CCl 2 (CO*NH-CgH 4 Br) 2 , is readily 
prepared from malon-p-bromoauilide by the action of clilorine 
(2 mols.) in chloroform solution. It is sparingly . soluble in all 
ordinary organic solvents except acetic acid, from which it crystal- 
lises in colourless needles, m. p. 184" (Found : Cl = 14*67 • Br = 


requires Cl ^ 14*75; Br = 33*25 


per 


33-07. Ci5H,o02N2a2Br2 
cent.). 

Cklorobrom(mmlon-p-bromoanilide, CClBr(CO-NH*CgH4Br)2, may 
be prepared by the action of chlorine on either bromomalon- or 
dibromomalon-p-bromoanilide. It is readily soluble in ethyl alcohol, 
chloroform, acetic acid, or benzene, and crystallises from ethyl 
alcohol in colourless prisms, m. p. 162“ [Found: Cl = 6*75; 
Br(total)^= 45 62 ; Br(malonyl) = 15*38. Ci^HiQ02N2ClBr3 requires 
01^ b-7D; Br(total) = 45-05; Er(malonyl) 15*22 per cent.]. 


Malo^idietkylamide. 

ChlMobrommwhndkthyhmide, CClBrfCO-NHEt)^, is readily pre- 
pared by the action of chlorine in chloroform solution on bromo- 
or dibromo-malondiethylamidc, It is readily soluble in acetone 
wetio acid, chloroform, ethyl alcohol, or benzene, and crystallises 
om tile last-named solvent in colourless needles, m. p. 122“ (Found : 

CjHijOjNjClBr requires Cl = 13 '07: 

w = i9-45 per cent.). 


4 F * 
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Maloiidimethylamide. 

DicMorcnmhndimethyhmidey CCl 2 (CO‘NHMe) 2 , is obtained ^^hen 
malondimethylamide in solution is acted upon by a solution of 
chlorine or alkaline hypochlorite. If one molecule of the chlorinating 
agent is used, a mixture is obtained of the dichloro- compound and 
unchanged malondimethylamide. Dichloroin<ilo7idii7ie^thylaT7iid?. 
readily soluble in water, acetic acid, ethyl alcohol, chloroform, or 
acetone, and sparingly soluble in benzene, carbon tetrachloride, 
or ether. It crystallises from a mixture of ethyl alcohol and benzene 
in colourless needles, m. p. 158° (Found : Cl = 35‘58. C^HgOjK^Clj 
requires Cl “ 3n'65 per cent.). 

CClBr(CO'NHMe) 2 , is prepared 
similarly to chlorobromomalondiethylamide, which it closely 
resembles as to solubility. It crystallises from benzene in colourless 
prisms, m. p. 130“ (Found : Cl — 14’71 ; Br = 33'12. CjHgOgNjClBr 
requires Cl“14'57; Br~ 32*83 per cent.). The chlorine in this 
compound is not reactive towards hydrogen iodide; an estimation 
of the raalonyl halogen gave Br — 32-95 per cent. 

I desire to express my sincere thanks to Assistant- Professor 
M. A. Whiteley for the help and encouragement given throughout 
the conduct of this work. 

Imperial College of Science and Technology, 

South Kensington, S.W.7. [Received, August 2nd, 1922.] 


CCliXlY—The Chlorination and Bromination of the 
Toluic Acids and the Preparation of the PhM- 
aldehydic Acids. 


By William DA^^ES and William Henry Perkin, jun. 

During the vourse of an investigation on ring formation which 
is in progress, it became necessary to devise metiiods by means ci 
which 0-, m-, and p-derivatives with varying side chains and 

especially esters of the type ^e^i'^l^ngVCOgEt readih 

prepared and in quantity, ft seemed probable that certain sub- 
.stances of this type might be obtainable from (o-halogen derivatives 
of the toluic esters by the usual malonic ester synthesis, thus 




.,„^CH2*CH(C02Et)2 

'>W^4^C02Et 


CfiBi^COoEt 


The w-dichloro-derivativc6 of these esters might also pro'^ 
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valuable, since they might serve for the synthesis of unsaturated 
esters corresponding with the type represented above : 


C6^4^C02Et 


. ^ ^CH;C(C02Et}2 

' ^Gil4^C02Et 


p „ /CH:CH-COoEt 


With the view of testing reactions such as these, we made a study 
of the literature and were surprised to find that, whilst the 
oj-halogen derivatives of the xylenes have been carefully studied, 
little is known of the w-halogen derivatives of the toluic acids of 
the general formulas 


CeH4< 


CH,X 

CO 2 H 


^6^4\C02H 


C6H,< 


CX 3 

C 02 H 


Salkind {J. Russ. Phys. Chem. Soc., 1914, 46, 508) has studied 
the action of bromine on the boiling solution of p-toluie acid in 
bromofomi, by which means he obtained w-hromo-p-toluic acid, 
C(;H 4 (C 02 H)*CH 2 Br ; he also prepared w-bromo-o-toluic acid from 
phthalidc by heating with bromine in a sealed tube, but these 
methods have restricted application and are obviously unsuitable 
for the preparation of the oj-halogenotoluio acids in quantity. 
During the course of a long series of experiments on halogen sub- 
stitution in the (u-position in the toluic acids, we have found that 
substances of this kind and their derivatives may be readily pre- 
pared by the following simple series of reactions. The toluic acid 
is first converted into the acid chloride, CgH 4 JIe'COCl, by the action 
of thionyl chloride, and this is then treated with chlorine or bromine 
at temperatures varying from 160 — 240"^ according to the degree 
of substitution desired. Substances of the type 


CHoCl 


C6H4<goci 


c4H4<; 


CHCL 

COCl" 


c H 

^6"4\C0C1 


are produced in this way in very good yield. Careful treatment 
with fonnic acid converts the acid chlorides into the free substituted 
toluic acids, and derivatives of these acids, such as esters and amides, 
are readily obtained from the acid chlorides by the action of alcohols, 
ammonia, etc. In this way we have prepared a large number of 
interesting uj-halogcn derivatives of the three, 0 -, m-, and p-, toluic 
acids, and as the conditions of preparation and details of physical 
properties are given in full in the experimental section of this com- 
munication, they need not be stated here, but attention may be 
directed to certain interesting points which have arisen during the 
course of this investigation. 

When o-toluoyl chloride is treated with bromine at ISo'^, it does 
not yield the oj-bromo-acid chloride as might have been expected, 
but the hydrogen bromide formed during the bromination of the 

4 F* 2 
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methyl group reacts with the group "C0C1> and the product conaistg 
apparently entirely of ii}-bTOMo-o-ioluoyl bTOMidc, C^H^(C0Br)*CH2Br. 
Cases analogous to this have already been described by Aschaa 
{Ber., 1912, 45, 1913; 1913, 46, 2162) and by Staudinger and 
Anthes {Ber., 1913, 46, 1417). 

Ethyl w-bromo-o-toluate is decomposed, on heating, into ethyl 
bromide and phthalide, 


and as the decomposition proceeds smoothly, it furnishes a very 
convenient method for the preparation of phthalide. This ready 
elimination of ethyl bromide does not appear to take place under 
other conditions, thus, for example, the bromo-cster reacts normally 
when digested in acetone solution with sodium iodide, yielding ethyl 
^-iodo-o-toluate, C6H,(C0.2Et)'CH2l (ni. p. 32'5°), and potassium 
cyanide converts it into the nitrile of homophthalic acid, 
C5H4(C02Et)’CH2’CN. Ethyl w-bromo-o-toluate also reacts readily 
with the sodium derivative of ethyl cyanoacctate to form ethyl 
ai-cyano-o^(^rbethoxy-^- 2 fhenylpropiomte (I), and this is decomposed 
by concentrated sulpliuric acid with the formation of the correspond- 
ing amide (IT) and not of the hydrindone derivative (III). 

n Tj /•CH,-CH(CN)'C02Et p TT ^CH2*CH(C0-NH2)-C02Et 
(I.) (Ih) 


O H (ITT.) 

b6ti4\no-^^^co.Et ^ 


The investigation of the w-dichlorotoluoyl chlorides, 

C6H4(COCl)-CHCl2, 

obtained by the action of chlorine on thetoluoyl chlorides at a final 
temperature of 210°, has given interesting results. These sub- 
stances exhibit remarkable stability and may be distilled with 
very little decomposition at the ordinary pressure, o-, m-, and p 
u^^Dichlorotoluoyl chlorides are crystalline substances and melt at 
28°, 49°, and 45°, respectively. On treatment with alcohol, they 
yield the u-dichlorotoluic esters, of which the o- and w-isoineride^ 
are colourless liquids, whereas the p-derivative crystallises an 

melts at 46°. . 

When 0-, m-, and p-w-dichlorotoluoyl chlorides are wmm 
with formic acid, they yield the corresponding o-, m-, an P- 
iti‘dichlorotoluic acids, which crystallise readily and niel a 


132°, and 158°, respectively. 

One of the most valuable uses of the 


oi-diohlorotoluoyl chlorides 
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has resulted from the discovery that they serve as a very 
convenient source of the phthalaldehydic acids, C 6 H 4 (C 02 H)-CH 0 . 

The methods available up to the present for the preparation of 
these important acids are so tedious and unsatisfactory that their 
investigation and especially their employment for synthetical 
processes, for which they are particularly well adapted, becomes a 
very serious matter. 

The most readily prepared of these acids is o-phthalaldchydic 
acid (m. p. lOO'S®), which may be obtained froju phthalonic acid by 
heating with sodium bisulphite or aniline. In order to prepare the 
m- and p-phthalaldchydic acids, Keinglass {Ber,, 1891, 24 , 2423) 
converted the m- and p-toluonitriles into the corresponding cyano- 
benzyl chlorides, CH 2 ChC 6 H 4 'CX, by chlorination at 150®. When 
these substances arc boiled with aqueous copper nitrate, they yield 
the cyanobenzaldehydes, CHO'CgH 4 'CN, from which the phthal- 
aldehydic acids, CH 0 'C 6 H 4 *C 02 H, may be obtained by boiling with 
concentrated hydrochloric acid. We have repeated this process 
and find it most laborious and unsatisfactory; moreover, the m- 
and p-phthalaldehydic acids thus obtained are difficult to purify, 
owing to the presence of considerable quantities of the correspond- 
ing phthalic acids. This is evidenced by the low analytical figures 
given by Reinglass and by the fact that this investigator gives the 
melting points of w- and p-phthalaldehydic acids as 165° and 285®, 
whereas in reality these acids melt at 175® and 250®, respectively, 
Simonis (Rer., 1912, 45 , 1584) has prepared the phthalaldehydic 
acids by heating the phthalaldeh 3 'des with bromine in a sealed 
tube, and although w'e can substantiate hi.s claim that yields of 
50—60 per cent, may be obtained in this way, the process is of 
little value as a method of preparation, parti}" because the aldehydo- 
acids thus formed arc contaminated by the corresponding phthalic 
acids, which makes them difficult to purify, and partly because the 
phthalaldehydes are very inacce.ssible substances, A method for 
the ready preparation particularly of the ?n- and p-aldchydic -acids 
was therefore very desirable, and we have found that these acids 
may be conveniently prepared from the corresponding m- and 
p-toluic acids by converting them into the dichlorotoluoyl chlorides 
and then simply digesting these with milk of lime or chalk in an 
inert atmosphere : 

CHCl2-CeH4‘COCl -> CH0-CeH4*CO2H 

The phthalaldehydic acids produced in this way in excellent 
yield, are almost free from the corresponding phthalic acids and 
therefore are readily obtained pure by one crystallisation ; the melting 
points observed by us have been stated above. These experiments, 
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in the carrying out of which we were fortunate in having the assist, 
ance of Mr. Herbert Clayton, indicate that the method einploye(j 
with such success in the case of the phthalaldehydic acids will tig 
found to be applicable to the preparation of other aldehydo.acids 
at present unkno^vn or difficult of access, and investigations in this 
direction are in progress. 


0-, m., and ^‘Ui-TricJihrotoluic Acids and (heir Derivatives. 

When the toluoyl chlorides arc chlorinated at an initial tempera- 
ture of 160", gradually rising to 240", they are converted into the 
corresponding (D-trichlorotoluoyl chlorides, CCl3‘CgH^*COCl. The 
m- and p-isomcrides distil at 287" and 296", respectively, and hare 
not yet been obtained crystalline. The o-compound distils at 
about 145— 155" /20 mm. and deposits crystals melting at 87^ 
These acid chlorides are readily decomposed by boiling with alcohol, 
yielding the oj-triehloro-p-toluic esters, CCl3*CcH^*C02Et, and the 
corresponding acids are obtained from the chlorides by the action 
of anhydrous formic acid : 

CClg'CfiH^-COCl f H-COgH - CClg-CeH^^COgH + CO ^ HCl. 

In carrying out this decomposition, it is essential to determine 
carefully the lowest temperature (varying from 45—85" in the 
different cases) at which the formic acid interacts, and the trichloro- 
acids are then readily obtained in a state of purity. These interest- 
ing acids crystallise well from benzene or chloroform, the o-, wi-, 
and p-i.somerides melting, respectively, at 141 — 144", 142", and 
197". If, how'ever, the trichlorotoluoyl chlorides arc boiled with 
formic acid, the group “CCI3 becomes converted into carboxj’l 
and the corresponding phthalic acids result : 


CCh-CeH.-COCl + 4H*CO,H - 

COaH-CeH^-COaH + 4HC1 -}- 4CO + HjO. 


Interesting decompositions have been observed in the case of 
w-dichloro-o-toluic ester and oj-trichloro-o-toluic ester. When 
(i>-dichloro-o-toluic ester is heated, it behaves like u-bromo-o-toluic 
ester (p. 2211) and yields a- chloropht halide with loss of ethyl chloride; 


C H 




The substance thus produced melts at 60—61° and is evidently 
identical with the a-chloropht halide obtained by Gabriel { 
1916, 49, 1612) from 0- phthalaldehydic acid by the action Oi 
thionyl chloride. A somewhat similar change takes place w en 
ii)-trichloro-o-toluic ester is heated. - • of 

At its boiling point, this ester decomposes with elimma ion 
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ethyl chloride, and the substance which distils at 2777758 nun. 
solidifies, melts at about 12°, and evidently consists of ^-phthalyl 
chloride, C 6 H 4 (COCl) 2 , which has m. p. 15—16° and b. p. 276°/ 
760 mm. 

Probably a5-phthalyl chloride (dichlorophthalide) is first pro- 
duced and then at the temperature of the decompo.sition or of the 
distillation undergoes isomeric change and is converted into the 
symmetrical modification (compare Ott, Annakn, 1912, 392, 275) : 


XT /CCla 
^6^4^CO,Et 




CeH 


/COCl 

4""C0Ci 


Experimental. 

Derivatives of o-Toluic Acid. 

w-Bromo-odoluoyl Bromide, COBr'CgH^'CHgBr. — The o-toluoyl 
chloride required in this preparation is obtained in a yield of 95 per 
cent, by boiling o- toluic acid with thionyl chloride (10 per cent, 
excess of 1 mol.) and distils at 213°/760 mm. In earrying out the 
bromination, bromine (15'5 c.c. ; 2 atoms) is slowly dropped into 
the acid chloride (46-35 grams; 1 mol.) at 185 — 195°, the orifice 
of the dropping funnel being placed well below the surface of the 
acid chloride in order to allow the bromine and hydrogen bromide 
produced to react with as little loss as possible. The reaction 
proceeds very smoothly and is complete in an hour. On repeatedly 
distilling the product under 32 mm., the bromo-acid bromide was 
readily obtained pure in a yield of 65 — 67 per cent, of that 
theoretically possible. Bromo-o-toluoyl bromide boils at 170 — 171°/ 
32 mm. and crystallises in clusters of colourless needles which melt 
at 33-34° (Pound : C = 34'3 ; H = 2'2; Br = 57*0. C^HgOBr, 
requires C = 34-5 ; H = 2*2 ; Br = 57*6 per cent.). 

Ethyl b)-Bromo- 0 'toluate, CH2Br*C6H4'C02Et.— This ester is 
readily prepared by slowly adding melted w-bromo-o-toluoyl bromide 
(91 grams) to absolute alcohol (150 c.c.), the whole being well shaken 
and cooled in ice. After remaining over-night, the product is 
poured into water, the bromo-ester extracted with ether, the 
ethereal solution well washed with water and sodium carbonate, 
dried over sodium sulphate, and the ether removed. Ethyl w-bromo- 
o-toluatc is a colourless, heavy oil which becomes yellow on keeping 
and docs not solidify at 0° (Found: Br = 34'2. CjoHuOaBr 
requires Br = 32*9 per cent.). It possesses a pungent and yet 
rather pleasant odour and is lachrymatory when hot. It is diffi- 
cult to obtain this ester in a perfectly pure state because, on 
attempted distillation at 30 mm., it readily suffers decomposition 
wit elimination of ethyl bromide and formation of a white solid 
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melting at 73°. This substance was identified by its properties^ 
analysis, and by the method of mixed melting points, as phthalide 
(Found: C = 71-5; H = 4-6. Calc., 0 = 71-6; H = 4-5 jj, 
cent.). 

The yield of phthalide is almost quantitative and this substance 
is conveniently prepared by boiling the bromo-ester in a test-tube 
for about five minutes, when, on cooling, the contents solidify to 
almost pure phthalide. When ethyl <o-bromo-o-toluate is allowe(i 
to stand with cold aqueous alcoholic ammonia for several days, 
colourless needles are obtained melting at 150° and this substance 
was recognised as phthalimidine from its analysis (Found : N = 10‘9. 
Calc., N = 10'5 per cent.), its solubility in acids, and from the 
properties of the nitroso-derivativc (m. p. 157°), which agiee hall 
respects with those of nitrosophthalimidine (Graebe, Ber., 1884, 
17 , 2599). 

Ethyl (i}-Iodo-o4olmie, CH2l*C6H4*C02Et. — For the preparation 
of this ester, sodium iodide (19 grams) was dissolved in acetone 
(150 e.c.), and the well-cooled solution mixed with ethyl w-bromo- 
o-toluate (24*3 grams) in acetone (25 c.c,), when the liquid became 
brown, heat was evolved, and a white precipitate of sodium bromide 
rapidly separated. After remaining at the ordinary temperature 
for two hours, the acetone was removed by gently warming under 
reduced pressure, the residue extracted with ether, most of the 
ether distilled off, and the brownish-red residue kept at the ordinary 
temperature, when a mass of pale brown needles gradually separated. 
After filtering from a small amount of oil and pressing on porous 
porcelain, a 70 per cent, yield of the iodo-ester was obtained in 
faintly yellow needles which became colourless on washing with 
sodium bisulphite solution. Ethtjl (a-iodo-o4oluate consists of 
minute, colourless needles melting at 32*5 , w*hich become yellow and 
ultimately brown on long keeping (Found : I = 44*2. CioHnO^I 
requires 1 = 43*8 per cent.). It is very soluble in most organic 
solvents, is slightly lachrymatory in the cold and much more so 
when warmed. Like the corresponding bromo-dehvative, it does 
not appear to react smoothly with magnesium, but this point is 
being further investigated. 

Preparation of Ethyl Ho^nophthalaie, CgH4(CH2*C02Et)’C02Et — 
This ester is readily obtained in the following manner. Ethyl 
w-bromo-o-toluate, prepared from 100 grams of co-broino-o-toluoyl 
bromide in the way described above, w^as dissolved in absolute 
alcohol (3<X) c.c.) containing finely powdered potassium cyan! e 
(32 grams) in suspension, The mixture was boiled for eight hows 
on the water-bath, half the alcohol distilled off, the reaction pro- 
duct kept over-night, and the brown liquid filtered from the potass- 
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jnm salts. Dry hydrogen chloride was passed into the filtrate, 
during which crystals of ammonium chloride began to separate even 
in the cold. When saturated with hydrogen chloride, the solution 
was boiled, two-thirds of the alcohol then distilled off under reduced 
pressure, the residual solid matter removed by filtration, washed 
with a little alcohol, and the filtrate poured into water. 

The oil which separated was extracted with ether, the ethereal 
solution washed with sodium carbonate, dried over sodium sul- 
phate, and the ether removed. The residual liquid {58 grams) 
was distilled under reduced pressure, when a considerable amount 
of low-boiling ester passed over at first, but 34 grams (40 per cent, 
of theory) were obtained boiling at 172 — 177733 mm. The presence 
of phthalide, which is somewhat soluble in hot but sparingly soluble 
in cold water, could not be detected by extracting the ester with 
boiling water. On redistillation, the ethyl horn ophthal ate boiled 
at 176°/33 mm. and with trifling decomposition at 293° under the 
ordinary pressure. It agreed in this and other properties with the 
ethyl homophthalate described by Gabriel 1887, 20 , 2500). 
The yield of ester obtained under these conditions is not so large 
as was expected, but further experiments mil be made in the hope 
of improving it. 

The Action of Ethyl to-Bromo-o-loluate on Ethyl Sodiocya 7 ioacetate. 

The great reactivity of the halogen atom in ethyl w-bromo-o- 
toluate made it desirable at this stage to ascertain w^hether the 
substance could be induced to react with sodium derivatives in 
the usual way and witliout the elimination of ethyl bromide and 
formation of phthalide. 

The sodium derivative of ethyl cyanoacetate was chosen for this 
purpose because it seemed likely that the products would be solid 
and therefore readily purified. Ethyl w-bromo-o-toluate (24*3 
grams; 1 mol.) w*as carefully added to the solution of ethyl sodio- 
cyanoacetate, prepared from ethyl cyanoacetate (ITS grams; 
1 mol) and sodium ethoxide (from 2*3 grams of sodium in 100 c.c. 
of absolute alcohol). Decomposition occurred at once, heat was 
developed, and sodium bromide separated. The whole was heated 
on the water-bath for half an hour, most of the alcohol removed by 
distillation, the residue mixed with water, and the oil extracted with 
ether. The ethereal solution was w* ashed with water, dried over 
sodium sulphate, and the ether removed, when an oil (20 grams) 
remained. On distillation under 16 mm., unchanged ethyl cyano- 
acetate first passed over and then two fractions, b. p. 195—225® 
( grams) and 280—282° (3 grams), w*cro collected. The higher 
fraction, which is probably the condensation product of two mole- 
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cules of ethyl w-bromo-o-toluate with one molecule of 
cyanoacetate, did not crystallise on cooling at — 10° or keeping 
room temperature for six months and was not further examinefi 
The other fraction was redistilled under the same pressure, and the 
portion boiling at 210 — 220° (5 grams) then slowly solidified, ^th^i 
a-cyanO‘ 0 -carbetlioxy-^~phenylpropiomte is readily soluble in most 
organic solvents, but crystallises from light petroleum in colourless 
needles melting at 38 — 40° (Found : N = 5*2. Ci 5 H^, 04 N requires 
N = 5-1 per cent.). It dissolves readily in cold concentrated sul, 
phuric acid with the evolution of some heat, and the solution 
after remaining for twenty-four hours and then pouring into water 
deposits crystals of ethyl o<urbethoxybenzyhmlonamio acid. Thig 
characteristic substance separates from dilute alcohol in glistening 
needles and melts at 132° (Found : C = 61-5; H = 6*8; K = 4-9. 
CigHjgOgN requires C = 614; H = 6*5; N — 4*8 per cent.). 

(jy-Bromo-m-toJuoyl Bromide and Ethyl w-Bromo-m-toluate. 

w-Bromo-m-toluoyl bromide was obtained from m-toluoyl 
chloride exactly in the way described in the preparation of the o- 
isomeride (p. 2207). The yield of the pure bromide was only 50 
per cent, of theory, a comparatively complex mixture being formed. 
It boils at 167°/22 mm. and solidifies at room temperature (Found: 
Br = 57 *8. CsHgOBrg requires Br = 57 ■ 6 per cent.) . Ethyl w-bromo- 
m-toluate, prepared from the bromide by the action of alcohol 
in the usual w'ay, boils at 174 — 176°/30 ram, without decomposition 
and possesses a peculiar sour odour (compare Salkind and Ssemenov, 
loc. cit.). 

The u)-Dichlorotoluic Acids and their Derivatives. 

The methods of preparation of the w-dichlorotoluoyl chlorides 
and of the corresponding dichlorotoliiic acids are almost identical 
in all three cases and may be briefly summarised as follows. The 
toluoyl chloride is chlorinated, under anhydrous conditions, in 
bright light, the temperature being initially at 160° and towards the 
end of the reaction at 210° (thermometer in the liquid), until the 
increase of weight corresponds with tlie introduction of two atoms 
of chlorine. The absorption of chlorine, which is rapid at first, 
slows down, but by gradually raising the temperature, action can 
be continued at a satisfactory rate, thus, for example, 40 grams 
of toluoyl chloride can be dichlorinated in this way in three hours. 
The product is distilled under ordinary or under diminished pres- 
sure and an 80 per cent, yield of the dichlorotoluoyl chloride, boiling 
within two degrees, is obtained. The loudest fraction of the distil- 
late consists of a mixture of mono- and di-chlorotoluoyl chlorides, 
and the liigher fraction of di-^ and tri-chlorotoluoyl chlorides. 
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The corresponding esters are obtained by pouring the aeid chlorides 
into excess of alcohol, shaking until reaction has taken place and 
finally heating on the steam-bath. After standing over-^ght the 
alcoholic solution is poured into water, the ester, if a liqSd ' dis- 
solved in ether, washed with sodium carbonate, and worked up in 
the usual way. ^ 

In the preparation of the s.-dichlorotoluic acids, the correspondinu 
acid chloride is mixed with about six times its weight of anhydrous 
formic acid, and the mixture gradually warmed until the acid 
chloride begins to dissolve. The whole is maintained at this tem 
perature until complete solution has taken place, the time usually 
required for the preparation of 2 grams of the acid being from one 
to four minutes, and during the reaction carbon monoxide and 
hydrogen chloride are evolved. 

It 13 essential to carry out the decomposition at the lowest possible 
temperature because, if this is materially exceeded, considerable 
hydrolysis of the chlorine atoms in the .side chain may occur 
When the product is cooled, the acid separates in a crystalline 
condition and can generally be obtained pure by ciystallisation 
from cnloroform or benzene. 

ui^Dickloro-o-toluoyl cklorids crystallises in thick, glassy nrisms 
melts at 27-28“, and distils at I 0 I 722 mm. or 267-269“/74oTm 
(Found: Cl = 47.7. C,H,OC!, requires Cl = 47-6 per cenu' 
..Dicljoro-o-tokk acid, obtained by the action of formic acid on 
».dicbloro-o-toluoyl chloride at 6 .?", is very soluble in hot, but only 
s ightly .soluble in cold, benr.enc or formic add, and crystallises from 
t^^sdvents in colony, ess, -Iting at ldd“ 

H 2.9 per cent.), The ami* of .-dich4o“„.tXaoid^s7o2 
by passing dry ammonia into a cold benzene solution of the acid 
chloride until no more ammonium chloride separates, filtering hot^ 
and conceiitratmg the benzene solution. On coolinc fhf J 

n 1 . ’1 ’ . requires C ^ ol-o: H — 4 - \ 

It boils without decomposition at 17 ’> 74 o mm ^ ’ 

istiUod under the ordinary press, re WhT' ^ 

ry pressure, a steady stream of ethyl chloride is pro- 
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duced and in about fifteen minutes 10 grams of the substance 
\vill have become converted into a brown oil which, when kept for 
twenty-four hours in a desiccator, solidifies to a mass of crystals 
These were collected, pressed on porous porcelain, and crystallise^ 
from benzene, when a good yield of a-chlorophthalide was obtained 
in colourless plates melting at 60 — 61° (compare Gabriel Ber 
1916, 49, 1608). ' ■’ 

w-Dickloro-m-toluoyl chloride crystallises in long, colourless needles 
melts at 48 — 49°, and distils at 280 — 282°/765 mm. tO’Dichloro 
m-toluic acid, prepared from this chloride by the action of formic 
acid at 75°, is very soluble in chloroform or benzene, from which it 
separates in microscopic prisms melting at 132° (Found : C = 47 . 0 - 
H = 2-9. CgHgOgCla requires C ^ 46-8 ; H = 2-9 per cent.). Ethyl 
Oi-dichloro-m-toluate is a colourless liquid closely’ resembling the 
corresponding o-isomeride. 

(a~DichlorO’^4oluoyl chloride forms minute, colourless needles 
melting to a clear liquid at 44—45° and distilling at 285—286®/ 
745 mm. (Found : Cl — 47*4. Calc., Cl — 47*6 per cent.). Weg- 
scheider and Suida (Momtsh., 1912, 33, 1026) record the melting 
point 50 — 52°, but their specimen was far from pure, for it did not 
melt to a clear liquid and the percentage of chlorine found was 
more than 3 per cent, too low. 

u}’Dichloro-^4oluic acid, obtained from the acid chloride by the 
action of formic acid at 70 — 75°, is dilficnlt to obtain pure. It 
crystallise.s from formic acid, in whicli it is sparingly soluble, in 
small needles and froin benzene, in which it is readily soluble, in 
short, thick prisms, and melts at 151—158° (Found: 0 = 46-0; 
H = 3-0. CgHgOgCb requires C == 46*8; H = 2*9 per cent.). 
Ethyl ii}-dickloro-'p4oluate consists of small, thin prisms melting at 
45 — 46° and possessing a faint, pleasant odour. 

The (i)-Trichlorololuic Acids and their Derivatives. 

The w-triehlorotoluoyl chlorides are prepared by the continued 
chlorination of the toiuoyl chlorides (p. 2206). As chlorination 
proceeds, the temperature of the liquid must be gradually raised 
from 160° to 240° and even at this high temperature the introduc- 
tion of the thW atom of chlorine into the side chain is very slow. 
About ten hours^ heating is required for the preparation of 70 grams 
of an w-trich loro toiuoyl chloride. 

tt}~Trichloro-o4oluoyl Chloride.— The chlorinated product did not 
boil constantly, nearly half distilling at 275 — 285° and about half 
at 285—288° under 758 mm. pressure. The latter fraction is an 
oil possessing the usual properties of aromatic acid chlorides 
(Found; Cl = 54*1. C 8 H 40 C 14 requires Cl = 55*0 per cent,}. 
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It is probable that this specimen was contaminated with traces of 
-dichloro-o-toluoyl chloride, which is difficult to remove com- 
pletely by fractional distillation. When, however, fractionation 
was repeatedly carried out under diminished pressure, considerable 
quantities of an oil were obtained which distilled at 145—155®/ 
20 mm. and, on cooling, deposited crystals which, after recrystal- 
lisation from light petroleum, melted at 87° and consisted of pure 
w-triohloro-o-toluoyl chloride. This substance was proved by a 
mixed melting-point determination to be identical with the 
phthalic acid tetrachloride (m. p. 88 “) which Vongerichten (5cr., 
1880, 13 , 417) obtained, along with an isomeride melting at 47®, 
from phthalide by the action of phosphorus pentachloride. Ethyl 
,a4richloro-o-iolmte, prepared in the usual way, is a colourless, 
mobile liquid with a rather pleasant, faint odour. It is difficult to 
obtain this ester in a pure state, for some decomposition occurs 
when distillation under diminished pressure is attempted. On 
boiling the ester (7 grams) at the ordinary pressure, ethyl chloride ^va.s 
eliminated, the decomposition being complete in about five minutes 
and, on cooling, a few colourless crystals of phthalic anhydride sepa- 
rated, formed no doubt as the result of the presence of moisture. The 
liquid poriion of the product fumed in moist air like an acid chloride, 
boiled almost completely at 276 — 277°/758 ram., and the pale yellow 
distillate solidified at 0° and melted at about 12°. These proper- 
ties indicate that this substance is a fairly pure specimen of 
6‘-phthalyl chloride, CgHj(COCl) 2 . which has ra, p. 15 — 16® and b. p. 
276-7 7760 mm., udiereas the constants for as-phthalyl chloride 

are m. p. 88 — 89° and b. p. 275'27719-8 mm. {Ott, 
Amuden, 1912, 392 , 275). 

oi-Trichloro-o4oluic acid, prepared from nj-trichloro-o-toluoyl 
chloride by the action of formic acid at 45 -55®, crystallises from 
benzene in needles melting at 141 — 144®. The melted acid decom- 
poses slowly ^vith evolution of hydrogen chloride, and therefore the 
melting point varies somewhat \vith the rate of heating (Found : 
C ^ 40-6; H = 2-2. CgHgO^Clj requires C = 40-1 ; H — 2-1 
■per cent.). 

<>i-Trichloro-m4oluoijl chloride, obtained in excellent yield in the 
usual manner (p. 2212), is a colourless oil boiling at 287®/754 mm. 
It is readily hydrolysed by boiling sodium hydroxide solution with 
the formation of isophthalic acid, which was identified by conver- 
sion into the dimethyl ester melting at 64®. Melhyl w4richloro-m- 
tolmte, prepared from the acid chloride and methyl alcohol, is con- 
veniently recrystallised by dissolving in cold acetone, in which it 
IS very readily soluble, and then adding dilute methyl alcohol 
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until a milkinesa is produced. The methyl ester, which has a faint 
pleasant odour, separates in colourless needles melting at 55^ 
(Found : C = 42-2 ; H - 2-9. CgH^OaClg requires C = 

H = 2’8 per cent.). ^a-Trichloro^m-toluic acid, prepared by the 
action of formic acid on the acid chloride at 70 — 75®, is sparingly 
soluble in formic acid, but readily so in chloroform or benzene, and 
crystallises in sparkling laminse melting at 142® (Found : C = 39.3. 
H = 2-2. CgH502Cl3 requires C = 40*1 ; H = 2*1 per cent,). 

(j)-Trichloro-])-toh(oyl chloride is a colourless oil distilling at 
296®/756 mm. with trifling decomposition. (o-Trichhro-i^.toluk 
acid, prepared from the acid chloride by the action of formic 
acid at 80—85®, is slightly soluble in formic acid and readily soluble 
in chloroform or benzene, and crystallises in minute plates melting 
at 196 — 197® (Found : C = 39-8 ; H = 2*2. C8H5O2CI3 requires 
C = 40*1 ; H = 2*1 per cent,). 

When boiled for five minutes with formic acid, it is completely 
conveited into terephthalic acid, which was identified by itsinsolu. 
bility and by conversion into the dimethyl ester melting at U0°. 
Metki/l (t)4richloro--p-toluaie crystallises from dilute methyl alcoholic 
solution ill long, attenuated plates and melts at 55°. It possesses 
a pleasant, fruity odour, no pungency being detectable at the 
ordinary temperature (Found : C — 42-1; H — 2*8. C9H7O2OI3 
requires C = 42*6 ; H = 2*8 per cent.). 

The ethyl ester consists of colourless plates which melt at o7® 
and also have a faint fruity odour. w-Trichloro-'p-ioluamidt 
separates from benzene in colourless nocdlcs and melts at 180" 
(Found : N -- 5*6. CsHgONCl^ requires IN' = 5*9 per cent.). 

Preparation of the Phtkalaldehydic Acids, CHO’CgHi’COgH. 

[With Herbert Clayton.] 

The dilliculty which has been experienced hitherto in preparing 
the phthalaldehydic acids is referred to in the introduction (p. 2205) 
and it is there stated that the hydrolysis of the w-dichlorotoluoyl 
chloride.s furnishes a ready means of obtaining these important acids 
in quantity. Several hydrolytic agents may be used to bring about 
the conversion of the w-dichlorutoluoyl chlorides into the corre- 
sponding phthalaldehydic acids, but the conditions must be so 
selected that oxidation of these readily oxi disable acids may be 
avoided. This dilliculty may be overcome by boiling the dichloro- 
toluoyl chloride with milk of lime in an atmosphere of car on 
dioxide for three hours, or more conveniently in the followng 
manner : The o>-dichlorotoluoyl chloride (22*4 grams) is 
with hot water (300 c.c.) in a flask of at least 1500 c.c. capaci), 



bbobonation of the toluic acids, etc. 


2215 


and excess of precipitated calcium carbonate (28 grama) carefully 
added. The aqueous suspension is boiled for three hours under a 
reflux condenser fitted with a Bunsen valve, and the solution 
mixed with an excess of hydrochloric acid and allowed to 
remain over-night out of contact with air. The acid is rapidly 
collected by the aid of the pump, and the filtrates in the case of 
the O' and w-acids are extracted with ether (this is particularly 
necessary in the case of o-phthalaldchydic acid, which is appreci- 
ably soluble in cold water), the whole is then dried in a vacuum 
desiccator. Obtained in this way, the phthalaldehydic acids are 
pure enough for most purposes, but they may be recrystallised from 
formic or acetic acid or preferably from chloroform. In the case 
of the m- and p-acids, which are only slightly soluble in chloroform 
in the cold, extraction with boiling chloroform (in which any 
phthalic acid present is practically insoluble) is to be recommended. 
The hydrolysis of the tu-dichlorotoluoyl chlorides proceeds almost 
quantitatively in the direction of the formation of the phthal- 
aidehydic acids, and the over- all yield of these acids from the corre- 
sponding toliiic acid is about 70 per cent, of that theoretically 
possible. 

o-Phthalaldehydic acid, obtained by the hydrolysi.s of w-dichloro- 
o-toluoyl chloride under the conditions given above, was recrys- 
tallised from chloroform. It then softened at 95° and melted at 
100-5°, whereas the melting point recorded is 97° (Racine, Arnmlen, 
1887, 239 , 82). 

m- or t5oPhthalaldchy(Jic acid, prepared from (D-dichloro-w-tolu- 
oyl chloride, separated in minute needles melting, in accordance 
with the observation of Simonis {Ber., 1912, 45 , 1585), at 175°, 
whereas Reinglass {Ber., 1891, 24 , 2423) observed the melting point 
164—166°. p- or Terephthalaldehydic acid, from w-dichloro-p- 
toluoyl chloride, after recrystallisatiou from chloroform, melts at 
when the melting-point tube is filled with carbon dioxide. 
Our experience confirms the ready oxidisabiUty of this acid at its 
melting point by air observed by Wegseheider and Suida {Monatsh., 
1912, 33, 1009). 


One of us (W. D.) wishes to thank the Ramsay Memorial Fellow- 
sjhip Trust for a Fellowship which has greatly facilitated this 
research. 

The Dyson Perrins Laboratory, 

Oxford. [ Receiced , August Sth , 1022.] 
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CCLXV . — Ethyl a-Cyano~P-methylglut(iconaie and 
Methyl Homologues, 

By Edwaed Hope. 

In cojmexion with work on the addition of hydrogen cyanide to 
the esters of oyanoglutaconic acids, described in the following paper, 
some observations on the behaviour of ethyl a-cyano-^-methyl. 
glutaoonate and two isomeric methyl homologues were made, 
which throw some light on the constitution of the latter two 
substances. 

Ethyl a-cyano-[i-methylglutaconate was first made by Rogerson 
and Thorpe (T., 1905, 87, 1669) by the condensation of ethyl 
acetoacetate with ethyl sodiocyaiioacetate, and the constitution 
C02Et-CH(CN)-CMe:CH*C02Kt was assigned to it. This ester 
forms alkali derivatives, which received formulae such as 
C02Et-CK(CN)-CMc:CH-C0aEt, and to the methyl derivative 
obtained from these by the action of methyl iodide was assigned the 
constitution C02Et*CMe(CN)‘CMe.CH’C02Et {!), this substance being 
isomeric with the compound obtained by the condensation of ethyl 
methylacetoacetate with ethyl sodiocyanoacctatc, to which was 
given the constitution C02Et'CH(CN)*CMe.CMe*C02Et (II). At a 
later date {P., 1912, 28, 51), Thorpe corrected his view of the con- 
stitution of the substance! originally w’ritten as (T) and suggested the 
formula C02Et-C(CN):CMe-CHMc-C02Et or 

COaEt'CiCNl-CHMe-CMe-COaEt (III). 

The present investigation provides experimental evidence for these 
corrected views. In the fixst place, a fresh means of differentiation 
between the esters (II) and (III) has been obtained by the action of 
concentrated atpieous ammonia in the cold. The ester (II) dissolves 
on shaking with aqueous ammonia in the course of a few minutes 
and deposits a mass of crystals which prove to be ethyl p-aminma- 
methylcrotonatc (IV), NH2-CMc:C>Ie*C02Et, melting at 50--5^ 
whilst there remains in the aqueous solution a product, wmea 
decomposes at about 320^ formed by the interaction of methyl- 
acctoaeetic ester or the above amino-ester and cyanoacetamide. 
This substance is evidently identical with that obtained by uaresc 
in his investigation of the reaction between methylacetoacetic es e 
and cyanoacctic ester in the presence of ammonia ^ ‘ 

Sci. Torino, 1896, 46, 1). On boiling with alkalis, the su 
of melting point 320’ giviis oli ammonia and there , 

alkaU salt of 6-hydroxy-2-keto-4 : 5-dimethyl.2 ; 
3-carboxylonitrilo, which on acidification gws the ire 
melting at 276° (Guareschi gives 270 272 ). 
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On the other hand, the isomeric ester (III), when shaken with 
atnmonia, dissolves only very slowly and even on repeated shaking 
for two or three hours is mainly unaffected. If allowed to remain 
in contact with the ammonia, however, for twelve to twenty-four 
hours and frequently shaken, the solution deposits crystals of ethyl 
jj-amino-a-methylcrotonate, and the aqueous solution contains the 
same substance as in the case of the isomeric cyanoglutaconate. 

The interpretation of these results appears to be that the second 
of these esters passes slowly into the first in the presence of ammonia 
and then undergoes the same reaction with this reagent. This 
reaction is essentially the reversal of the Rogerson- Thorpe con- 
densation, by hydrolysis, followed by the action of ammonia on 
the products of hydrolysis, giving cyanoacetamide and p-amino-a- 
methylcrotonic ester. There is one recorded instance of a similar 
hydrolysis of a derivative of cyanoglutacanic ester, namely, the 
hydrolysis of benzylmethylcyanoglutaconic ester by alkali hydroxide 
(Thorpe, he, cit.), in which cyanoacetic acid and benzylacetonc are, 
produced according to the equation 

C02Et*C(CN):CMc-CH(CH2Ph)-C02Et-> 

CX-CH^-COgEt + COMe-CHg'CH^Ph. 

This representation assumes that hydrolysis occurs at the ethyicnic 
linking, but there is no real evidence that this is correct. If this 
assumption were made in the case of the hydrolj^sis by ammonia of 
the condensation product of ethyl methylacetoacetate with ethyl 
sodiocyanoacetate, then one would be led to the conclusion that 
this compound had the constitution (III) whilst the product of 
methylation of ethyl a-cyano-i^-methylglutaconate w'ould have the 
constitution ( 11 ). In view of the result of subjecting the cyano- 
diraethylglutaconic esters to further methylation (thereby pro- 
ducing an aj^y-lri methyl derivative), it seems most improbable 
that formula (ITl) can represent the ester which forms the definite 
sodium derivative which is the parent of the trimethyl derivative. 

Ihis view i.s conlirmed by the examination of the behaviour of 
the meth5dation product of a-cj^ano-jB-methylglutaconic ester towards 
sodium ethoxide. When this ester is treated in the cold with an 
equivalent of sodium ethoxide in alcoholic solution for a minute 
01 less and then poured into dilute mineral acid and the product 
extracted, it is found that more tlian half of the ester has been 
converted into its isoraeride (as indicated by its behaviour with 
ammonia) and simultaneously some ethyl carbonate and a liquid 
oiling at about the boiling point of ethyl cyanodimethylcrotonatc 
are formed. All this tends to prove that the methylation product 
0 ®-cyano-p-metliylglutaconic ester cannot form a sodium derivative 
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of its own, but can react with sodium ethoxide either by 
into the isomeric form or by losing a carbethoxy-group, \ 
the cyano- ester {II) forins a definite sodium derivative, from which 
it can be recovered quantitatively. These considerations render 
it almost certain that this ester must have the constitution (IH)^ 
whilst the isomeric form made from methylacetoacetic ester and 
sodiocyanoacctic ester must have the constitution (II). 

The behaviour of ethyl a-cyano-[3-methylglutaconate towards 
ammonia is similar to that of the dimethyl derivative (11), that is, 
it dissolves and hydrolysis occurs, but the products in this case can 
be obtained from solution only by strong cooling (which causes 
the separation of ethyl ^-aminocrotonate). By the suhsec^uent 
evaporation of the mother- liquors, a substance of high melting point 
is obtained which, on boiling with caustic alkalis, gives a substance 
identical with that obtained by Guareschi {he. cit.) and which 
is apparently 6-hydroxy-2-keto-4.methyb2 : 3-dihydropyridinc-3- 

carboxylonitrile, 

Hydrolysis of ethyl a-cyano-p-methylglutaconate and its ko 
isomeric methyl homologucs was also effected by heating with small 
amounts of water at 170—180°. In the case of the monomelliyl. 
glutaconate, the products consisted of alcohol, acetone, and rthji 
cyanoacetate. In the other cases, however, although there was ao 
difficulty in identifying methyl ethyl ketone as one of the products, 
the fraction boiling at 190 -210° was found to contain mcthylacetc- 
acetic ester as well as cyanoacetic ester. The attempt to ident% 
eyanoacetic ester by the action of ammonia, therefore, did not 
result in the formation of cyanoacetaraide but in the formation 
of the condensation product of high melting point mentioned on 
p. 2221 , which establishes the existence of these esters in the presence 
of each other. 

Experimental. 

Ethyl a-Cyano-'^-methylghlaconate.—ln the preparation of this 
substance, the details given by Rogerson and Thorpe (foe. at.) were 
followed in essentials, but in the numerous preparations camea 
out, a number of observations were made which seem "’ortli room- 
ing In the first place, these authors state that a yield ot htl pe 
cent, of the theoretical can be obtained when ethyl sodiocyano- 
acetate is condensed in alcoholic solution with ethyl ace 
In spite of many attempts, the yields have never been raise 
40 per cent, in the present work, although the 40 

varied a good deal. They have usually been e 
per cent. The effect of the presence of water in the a o 
marked. For the highest yields, the driest possible alcoh 
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be used. The use of 95 per cent, alcohol instead of absolute alcohol 
reduces the yield to about 20 per cent. The best yields were 
obtained when potassium was substituted for sodium. In this 
case, the only departure from the details given by Rogerson and 
Thorpe is in the formation of the potassium ethoxide. This is 
conveniently done in the presence of dry ether. The ether must 
then be distilled off before adding the ethyl cyanoacetate. When 
potassium was used, the maximum yield obtained was 48 per cent, 
of the theoretical. 

In view of the big effect of water on the reaction, it seemed 
desirable to attempt to remove the water formed in the reaction, 
since the establishment of an equilibrium seemed likely. None 
of the ordinary dehydrating agents could be used in this connexion, 
but an experiment was tried in which the usual qiianf ities of materials 
were heated with a considerable amount of benzene so that the 
benzene distilled off continuously during the reaction. The yield 
of product was smaller than in those cases where benzene was 
absent and amounted to only 20 per cent, of the theory. 

The condensation was also tried in the entire absence of alcohol 
by heating, with vigorous stirring, the sodium compound of ethyl 
cyanoacetate made in dry benzene, with ethyl acetoacetate. In 
this case the yield w^as even smaller and was about 10 per cent. 

Ethyl a-Cyano^^y-dimethylglutawnaie {Ethyl 
biitene-ay-dicarboxylate ). — In the case of the condensation of ethyl 
sodiocyanoacetate with ethyl methylacctoacetate, the yield (to 
which no reference is made in the paper of Rogerson and 'Thorpe) 
is very small, being about 15 — 17 per cent, of the theoretical when 
sodium is used. It is raised to about 23 per cent, by using 
potassium. 


Action of Concentrated Aqueous Ammonia o}( Ethyl 7 .-Cyano-^~ 
methylghtaconate (I). 

Ethyl X‘Cyano-^-methy]glutaconate is mixed with about five 
times its weight of the strongest aqueous ammonia. It dissolves 
Mth a brownish-yellow colour, which fades considerably on keeping. 
After about twenty -four hours, the clear solution is cooled and a 
crystalline solid separates, which is filtered off as rapidly as possible. 

he filtrate is now^ evaporated to dryness in a vacuum, when a 
brownish- white solid remains. 

The crystalline solid melts when allowed to reach atmospheric 
emperature, and that it consists to a large extent of ^-amino- 
crotonic ester is shown by extracting it with ether and keeping 
the ether extract, which is at first oily, for a day or*so, when if will 
y to large, monoclinic crystals which melt at 20 — 21°, This 
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is the metastable ^orm of ethyl ^-aminocrotonate. It was identical 
with a specimen made from pure acetoacctic ester. 

The substance left after the evaporation of the mother-liquors 
from the crystalline solid has not itself been closely investigated. 
Satisfactory analytical results have not been obtained on account 
of the difficulty of recrystallising it without decomposition. When 
it is boiled \vith sodium hydroxide solution, however, until ammonia 
(which comes off in large amount) ceases to be evolved, a clear 
solution of a sodium salt is left which, on acidilication, gives a 
white, crystalline precipitate of a sparingly soluble substance. 
This acidic substance can be recrystallised from water or methyl 
alcohol and when purified in this way melts at about 31b— 319'* 
after previous darkening at about 300° (Found : C - .5o-8; H = 
4-2 ; N ^ 18'6. ' requires C == 56-0 ; H ^ 4-0 ; K = Ig-'I 

per cent.). 

In view of the extraordinary stability of the substance towards 
boiling caustic alkalis as well as towards mineral acids, there was 
little doubt that the nitrogen, or at any rate a part of it, is in a ring 
structure, and it was soon realised that the compound was identical 
with the' substance made by Guareschi {loc. ciL) by the action of 
ammonia on a mixture of ethyl cyaiioacctate and ethyl acotoacetate, 
namely, 6ffiydroxY-2-keto-4-inethyl-2:3-dihydi()[iyridiin-3-caTb- 
oxylonitrile. 


Action of Ammonia on Elhi/l a-Cyano-^ydimeihyl^lniacomte (II). 

When this ester is treated with ammonia under the couditioiis 
eranloved in the ease of its lower liomologue, it docs not dissolve at 
once to a clear solution, but when the mixture is shaken vigoronsly 
from time to time for about ten to fifteen minutes signs of a crystal- 
line precipitate make their appearance. On the next day, tto o 
havinc^ entirely disappeared, the crystalline precipitate is filterul 
off and the flltrate cooled strongly, when more crystals separate. 
ThU together with the first lot arc treated avith ether; aportm 
dissolves readily in the cold, leaving the rest unchanged Ihe 
soluble portion, after evaporation of the dried ethereal solut* 
separates in large crystals from a “"““Crated solufaon n eto 
and melts at 51-52=, the substance evidently being ethy , 
:emethylcrotonate. A specimen of this, made ‘ 

ammonia on ethyl mcthylacetoacctate, melted at o- and 
same temperature when mixed with the above , 

The evaporation to dryness of the aqueous ^ 

brown solid, to which was added the substance ^ 

mentioned above. T'his substance can be Kccy 
water, but tends to lose ammonia if the heating with wate 
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prolonged. It consists of small, hard crystals which decompose 
and melt at about 320°. The substance is very sparingly soluble 
in methyl alcohol. The solution in water gives a deep blue colora- 
tion with ferric chloride. It gives off ammonia when heated in a 
dry tube and also when its aqueous solution is boiled with sodium 
hydroxide or carbonate. After boiling with the former until no 
more ammonia is evolved and acidifying the alkaline liquid, a 
sparingly soluble white solid is thrown out. This substance, which 
can be recrystallised from water or methyl alcohol, melts, when 
pure, at 276°. Like the substance of melting point 316 — 319° 
obtained in a similar manner from a-cyano-^-methylglutaconic 
ester this compound is extremely stable towards boiling alkalis 
and mineral acids. It gives a bluish-violet coloration with ferric 
chloride. It gives no trace of ammonia when heated in a dry 
tube (Found : C = 58*7; H = oT; N = 16-8. CgH^OaNg requires 
C = 58*5 ; H — 4*9; N = 17-1 per cent.). It is evidently identical 
with the substance made by Guareschi {loc. cit.) by the action of 
ammonia on a mixture of ethyl methylacetoacetate and ethyl 
cyanoacctate and stated by him to be 0- hydroxy -2-keto4 ; 5- 
dimethyl-2 : S-dibydi f' pyridine-3 -earbox^dojiitrile. 

Action of Ammonia on Ethyl y-Cyano-x^-dimtlliylylulacoiiaU [Ethyl 
cL-Cyano- i^-melhjl-A^-bntene- xy-dicarboxylaie ) . 

Wlien this ester is treated with concentrated ammonia in tlie 
same way as the two preceding ones, even on vigorous shaking, no 
appreciable effect is produced in an hour. The cyano-ester settles 
out apparently unchanged. Only by frequent agitation during 
twelve to twenty-four hours is the completion of the reaction 
ensured, and crystals of ethyl fi-amino-x-metnylcrotonate are then 
suspended in the liquid as in the case of the isomeric cyano-ester. 
The evaporation of the mother-liquors reveals the presence of the 
pyridine derivative of melting point 320^, and this, on boiling with 
alkalis, gives rise to the substance of melting point 276'. The 
relative amounts of the two products are exactly the same as in 
the case of the isomeric cyanodimethylglutaconate and there can 
be no doubt that the explanation of their behaviour is that 
the above ethyl a-cyano-p-methyl-A®-butene-ay-dicarboxylate first 
slowly undergoes isomeric change, ^vith shift of the double bond, 
into ethyl a-cyano- ^-methyl- A^-butene-ay-dicarboxylate, which then 
reacts easily mih. the ammonia. 

If equivalent amounts of ethyl acetoacetate and ethyl cyano- 
acetate are shaken together in the presence of concentrated aqueous 
ammonia, practically the same result is obtained as when ethyl 
K-oyano-p-methylglutaconate is so treated. The results obtained 
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when ethyl a-cyano-^y-dimethylglutaconate is treated with ammonia 
are reproduced exactly by subjecting a mixture of equivaJej^^ 
amounts of ethyl methylacetoacetate and ethyl cyanoacetate to 
the same treatment. It is thus fairly certain that the first action 
of the ammonia is a hydrolytic one, resolving the cyanoglutaconates 
into a mixture of ethyl cyanoacetate and ethyl acetoacetate or a 
derivative of this. 

TraJisfortnatioii of Ethyl o^-Cyano-^-rnethyh^^-buiene-oLy-dicarboxykk 
hUo its Isomeric Modification. 

In effecting this isomeric change, sodium (1-5 grams) was dissolved 
in alcohol (40 c.c.) and, afttu* cooling the solution to the ordinary’ 
temperature, the above cyano- ester (lo’9 grams) was added, Xhe 
solution was shaken for about half a minute, quickly poured 
into cold, dilute hydrochloric acid, the precipitated oil extracted 
with ether, the ethereal solution washed twice with water and 
the solute isolated in the usual way. The smell of ethyl carbonate 
was noticeable in the product and, on heating, 1 — 1-5 grams of a 
distillate boiling between 125“ and 135“ were obtained. On now 
applying a vacuum, a small amount of a distillate collected at 
130— 150“/15 mm., which was without doubt ethyl a-cyano-^. 
methybA'^-butene-y-carboxylate or an isomeride. The main frac- 
tion, however, came over at 158— 168“/15 mm. and was clearly 
the unchanged starting material or an isomeride. The action of 
ammonia made it quite clear that isomeric change had occurred, 
for the product dissolved readily on agitation ^vith this reagent, 
behaving in the same way and giving the same products as ethyl 
a-cyano- ISy-dimethylglutaconate. 

The Action of Water at 180“ on the Cyanoglutaconic Esters. 

Ethyl :iL‘CyanoAi'fnethylglutaconate . — When this ester (15 grams) 
was heated in a sealed tube for eight to ten hours at 180“ with water 
(3*6 grams, that is, 50 per cent, in excess of that theoretically required 
to give ethyl cyanoacetate and acetone), almost complete hydrolysis 
took place. By distillation of the product, two fractions were 
obtained, b. p. 60 — 82“ and 200 — 214“ respectively. In the first 
fraction aoctone was detected in quantity^ by the formation of te 
pmitrophcnylhydrazone (m. p. 140“, alone or mixed with an 
authentic specimen). The higher fraction, when redistilled, boiled 
mainly at 205 — 210“ and on agitation with ammonia gave a white, 
crystalline precipitate of cyanoacctamide melting at 116“ (alone or 
mixed with pure cyanoacetamide). 

Ethyl 0 L-CyamA^y-diMdhylglutaconate.-~V^hen this ester (lograM 
waft heated with water (3*4 c.c.) under the conditions descrih 
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above, the glutaconatc was almost completely changed. Two 
main fractions were again isolated from the product. The first 
boiled at 65—85° and on treatment p-nilrophenylhydrazine 
gave a hydrazone which molted at 125'' and corresponded in every 
way wth that of methyl ethyl ketone. The less volatile fraction 
boiled between 195° and 210°, but on treatment with ammonia did 
not behave like ethyl cyanoacctatc, not dissolving at once but 
requiring considerable agitation. After twenty to thirty minutes, 
a crystalline precipitate formed and this proved tf) be a difficultly 
fusible compound which gave a substaiice, ni. (j. 276°, when boiled 
with alkalis. This svdjstance is clearly identical with that described 
on p. 2221, and is formed by the action of ammonia on a mixture 
of ethyl cyanoacetate and ethyl in ethyl acetoacetate. Evidently, 
the hydrolysis is not so complete as in the case of ethyl a-cyano- 
p-methylglutaconate . 

Ethjl y^Cyano-o^^-dimethylghlUlCOlmte . — When this ester was sub- 
jected to the same treatment as the foregoing, exactly the same 
result was obtained. No difference whatever could be detected 
at any point. 

Dyson Perrins Laboeatorv, 

Oxford University. [Received, Avgust lOth, 1922.] 


CCLXVL — The Addition of Hydrogen Cyanide to 
• Derivatives of Glutaconic Acid. Part I. The 
Addition of Hydrogen Cyanide to Ethyl a-Cyano~ 
^-methylglutaconate and its Homologues, 

By Edward Hope and Wilfrid Sheldon. 

In the course of an investigation carried out by one of us some 
years ago on the reaction occurring bet^vecn ethyl citraconate and 
ethjl sodiomalonate (T., 1912, 101 , 892), it was found necessary^ to 
devise a means for the synthc.sis of ,3-mcthyltricarballylic acid, 
C02H;*CH2-CMe(C02H)*CH2*C02H (I). The method then adopted 
depended on the interaction of potassium cyanide with ethyl 
a-cyano-p-methylglutaconate in alcoliolic solution according to the 
scheme : 

C02Et*CH(CN)'CMe:CH'C02Et 

C02Efck{CN)*CMe(CX)-CH2*C02Et (m.) 

Ethyl a^-dicyano-^-methylglutarate, derived from the potassium 
compound (IH), yielded 3-methyltricarballylic aeid on hydrolysis, 
is method sufficed at the time, but it has been since found that 
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the addition of hydrogen cyanide occurs almost quantitatively 
with remarkable ease when the conditions first described ty 
Lapworth (T., 1903, 83, 995) are employed, that is, when % 
unsaturated ester, dissolved in alcohol or aqueous alcohol, is treated 
with hydrogen cyanide in the presence of potassium cyanide (the 
latter ensuring the presence of the essential agent, cyanide ions)_ 

It is noteworthy that addition of hydrogen cyanide takes place 
also when the unsaturated ester is shaken ^th an aqueous solution 
of potassium cyanide in the entire absence of alcohol. When etiivl 
a-cyano-lS-methylglutaconate is treated with, a strong aqueous solu. 
tion of potassium cyanide, it first dissolves, but the homogeneous 
solution soon separates into two layers, the lower one of which consists 
of a solution of the potassium derivative of the additive product (III). 
The possibility of using purely aqueous solutions was important in 
investigating whether an ester without replaceable hydrogen, for 
example, ethyl a-cyano-aPy-trimethylglutaconate, 

C02Et‘CMe(CN)*CMe:CMe-C02Et, {IV.) ^ 

was capable of reacting with hydrogen cyanide or not. 

The use of an aqueous alcoholic solution in a case like this results 
in the elimination of ethyl carbonate and the formation of ethyl 
y-cyano-apy-trimcthylcrotonate (compare Rogerson and Thorpe, T., 
1905, 87, 1669). 

The present communication contains an account of the chemistry 
of the products of interaction of hydrogen cyanide and etliyl a-cyano- 
|3-methylglutaconate (II), ethyl a-cyano-[3-methy!-A^-butene-ay-di- 
carboxylate (V), and ethyl a-cyano-!3-mcthyl-A'^- butene- ay-dicarb- 
oxylate (VI). The reactions in the latter two cases are almost 
certainly identical since, under the conditions of the experiment, 
the cyano-ester (VI) passes over into (V). In any ease, the products 
of reaction with hydrogen cyanide are identical. 

In these reactions, the products are, respectively, from (II), 
ethyl a(^-dicyano-p-methylglutarate (VII), and from (V) and (VI) 
ethyl a^-dicyanO'p-inetbylbutane-ay-dicarboxylate (VIII). 

C02Et-CH(CN)-CMe:CMe'C02Et CO2Et'C(CN):CMe-CHMe-C02Et 

(V.) (VI.) 

(VlL) C02EfCH(CN)‘CMe(a\)*CH2*C02Et 
(VIII.) C02Et*CR(CN)‘CMe(CN)*CHMc-C02Et 
It is of interest to note that no addition of hydrogen cyanide could 

be detected in the case of ethyl a-cyano-apy-trimethylglutaconate, 

which contains no hydrogen replaceable by metals. The genera 
behaviour of the products VII and VIII is in accordance wit 
' constitution given. For example, VII is hydrolysed by means o 
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concentrated hydrochloric acid or by 40 per cent, sulphuric acid to 
j 3 -niethyltricarballylic acid, whilst VIII is hydrolysed by similar 
treatment to ap-dimethyltricarballylic acid ♦ (m. p. 165—167*^). 

The dicyano-esters also are much more acid in character than 
the cyanoglutaconates from which they are derived. The esters 
VII and VIII, for example, dissolve to some extent in a 10 per 
cent, solution of sodium carbonate and readily in potassium 
carbonate of equivalent strength, in both cases giving yellow 
solutions. Both esters, too, are readily attacked by a concentrated 
aqueous solution of ammonia. The cyanoglutaconates from which 
these esters are derived are practically not affected by alkali 
carbonates. They are, however, attacked by concentrated ammonia. 
The behaviour of the above dicyano-csters with ammonia is most 
remarkable, for it consists in nothing less than the complete reversal 
of the whole synthetical process from ethyl cyanoacetate and ethyl 
acetoacetate or a derivative. The product of interaction with 
ammonia, of ethyl a^-dioyano-13-methylglutarate (VII), for example, 
gives exactly* the same products as arise in the similar treatment of 
ethyl a-cyano-13-methylglutaconate, namely, ^-aminocro tonic ester 
and the hydroxypyridine derivative described in the preceding 
paper (p. 2220). The same kind of reaction occurs with the dimethyl 
(Jerivative (VIII), (3-amino -a-methylcro tonic ester being produced 
along with the corresponding hydroxypyridine derivative. 

In view of the fact that ethyl aP-dicyano-|3-methylglutarate (VII) 
contains hydrogen replaceable by metals, a methyl homologue was 
prepared by the action of methyl iodide on the sodium derivative. 
A substance isomeric with the dimethyl derivative (VIII) was 
produced. The individuality of the new ester was established in 
several ways. When hydrolysed with 40 per cent, sulphuric acid, 
it yielded a substance which, on treatment with methyl-alcoholic 
hydrochloric acid, gave a new and highly crystalline solid containing 
nitrogen, which is probably an imide with the constitution (IX), 

(IX.) 


Th^ 13 apparently the first preparation of this acid. The acid described 
y ilichael (Ber., 1900, 33, 3757) as )S-methylbutaiie- a * 37 -tricarboxylic acid 
acid), melting at 196—198% was obtained 
y e hydrolysis of the methylation product of the substance which he 
ormdated thus: (CO,Et),CH.CMe{CO,Et)-CH,.CO,Et, The substance ob- 
V ^ condensing ethyl citraconato with ethyl sodiomalonate is not, 
but^hvl thought, ethyl B-methylpropane-aary-tetracarboxylate. 

fHone ^^^''|®?®-“^>-^tracarboxylate, (COaEt)3CH*CH(CO,Et)*CHMe-CO,Efc 
I Michael’s acid is without doubt pentane- 

VOL. CXXI. , 
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Under precisely the same conditions, ethyl «P-dicyano-p.n\eti]vi 
butane-ay-dicarboxylate (VIII) yields the trimethyl ester of aojj 
methyltricarballylic acid. 

The imido -ester is a white, crystalline solid melting at 135^] jgo 
It dissolves in and can be titrated by V-potassium hydroxjtjg 
solution. It suffers further hydrolysis when heated with eoncen 
trated hydrochloric acid in a sealed tube and gives ap-dimetbyl 
tricarballylic acid and ammonium chloride. The behaviour of tb? 
new ester (X) towards strong annnonia solution is also characteristic 
It yields a sparingly soluble solid which gives no coloration M-ith 
ferric chloride. This substance is probably an amide and not a 
pyridine derivative as in the other cases. The new dicyano-estej’ 
has without doubt the constitution 

CO^EfCMelCNj-CMelCNj-CHg-COaEt (X.) 

It would appear that in the case of these saturated substances 
as in the case of the cyanoglutaconic esters, the hydrolytic action 
of ammonia depends on the presence of replaceable’ hydrogen in 
the cyanoacetic ester residue. 

By the action of sodium and methyl iodide, it was found possible 
to prepare the next homologue of ethyl ap-dicyano-g-methylbutane^ 
ay-dicarboxylate, namely, the ester 

C02Et-CMc{CX)'CMe(CN)-CHMe-C0.Et (XI.), 

which gives rise to al5y-trimethyltricarballylic acid on hydrolysis. 

Trimethyltricarballylic acid appears to be incapable of separate 
existence, but its anhydride (m, p. 188 — ItW) and its trimethyl 
ester (b. p. 160—172- 20 mm.) were prepared. 

Experimental, 

Addition of Hydrogen Cyanide to Ethyl X‘Cyano-^onethylglutacoMk. 

Formation of Ethyl y.^-DicyanO'^-m.({hylrjluf-arate (Vlt). 

This substance has been described in a previous comniunicatioa 
(Hope, T., 1912, 101 , 911), but the method of preparation there 
employed gave neither a good yield nor a pure product. The 
following method gives excellent results. Ethyl a-cyano-|iS-metIiyI- 
glutaconate (22-5 grams; I mol.), dissolved in alcohol (95 per 
cent.) (120 c.c.), is treated with a solution of potassium cyanide 
(13 grams; 2 mols.) in water (70 c.c.). The homogeneous solution 
is cooled in ice-w^ater and further treated with a quantity of approxi- 
mately 20 per cent, aqueous hydrochloric acid containing 54 grams 
(1*5 mols.) of the acid. The reaction mixture, after standing at 
the ordinary temperature for fifteen minutes, is poured into about 
500 c.c, of dilute hydrochloric acid, the precipitated oil extracte 
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; ^vith ether, the ethereal solution washed with water several times 
and dried with calcium chloride. After evaporation of the ether, 
the residual oil is distilled under reduced pressure. In such 
an experiment, 21 grams of the pure product were obtained, 
|>oiliug at 200—205720 mm. (yield 83 per cent, of the theoretical) 
(Found : C = 57*1 ; H — 6-7. Calc., C = 57*2; H = 6-3 percent.). 

Ethyl a|3-dicyano-I3-mcthylglutarate is a colourless or slightly 
yellow, rather viscid oil not appreciably soluble in water. It 
dissolves readily in a 10 per cent, aqueous solution of potassium or 
sodium hydroxide, being apparently hydrolysed, since it is not 
reprecipitated on acidification of the solution. It is somewhat 
soluble in a 10 per cent, solution of sodium carbonate, forming a 
faintly yellow solution, but it is quite readily soluble in a potassium 
carbonate solution of equivalent strength. The ester is reprecipi* 
itated from these solutions in alkali carbonates on acidification. In 
iits easy solubility in solutions of sodium and potassium carbonates 
ithe behaviour of this ester is in marked contrast to that of ethyl 
'a-cyano-|5-methylglutaconate, which is unchanged by these reagents 
—and indicates considerably greater acidity of one of the hydrogen 
atoms. 

Adion of Amrnonia.—The ester is readily soluble in concentrated 
ammonia, giving at once a slightly opalescent solution. After 
keeping for twenty-four hours at the ordinary temperature, the 
solution was subjected to reduced pressure, and the cooling effect 
caused the crystallisation of a low-melting solid which proved to be 
^-aminocrotonic ester. The ester was purified and recognised as 
described under the account of the action of ammonia on ethyl 
jt-cyano-p-methylgiutaconate (this vol., p. 2219). There remained 
in the aqueous mother- liquors a high-melting solid which, exactly 
as did the corresponding glutaconate, gave, on boiUng with alkali, 
ft substance melting at 31fi— 318°, which is identical vrith. that 
pbtained from the cyanoglutaconate and is evidently 6-hydroxy- 
2-keto-4- methyl- 2 : 3-dihydropyridine-3-carboxyJonitrile (Guareschi, 
mm. Accad. Sci. Torino, 1896, 46, 1). 

\ Hydrolysis of Ethyl a^-DicyanO’^-methylglitiarate by Mineral Acids. 
rortmUon of ^•Methyltricarballylic Add. — The best agent for effcct- 
N this hydrolysis was found to be concentrated hydrochloric acid 
pulphuric acid was used in the earlier experiments, but the ultimate 
poation of the acid is somew'hat troublesome in this method). 
UsuaUy 12 grams of the dicyano-ester were boiled with 100 c.c. of 
^ncentrated hydrochloric acid untU all the oil had passed into 
solution, five to six hours being the time generally required. The 
pear liquid was then evaporated to dryness and the solid mass 
plus obtained, extracted for a long period with ether. On evapor- 

4g 2 
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ation of the latter, 6 grams of the acid remained and readily solidiaed. 
On recrystallisation from formic or hydrochloric acid, the product 
melted at 164^ and the melting point was unchanged by further 
crystallisation. The acid was, of course, identical with the ^-methyl, 
tricarballylic acid previously prepared by one of us (T., 1912, 

909), using more or less the same method. 

It was found that the above hydrolysis could be very rapidly 
effected (in about an hour) by heating at about 140° with sulphuric 
acid of 70 per cent, strength. 

In the preparation of ethyl a^-dicyano-p-methylglutarate from 
ethyl a-cyano-p-methylglutaconat«, a number of alterations in the 
method of adding the hydrogen cyanide were tried— more par- 
ticularly because it was necessary in some later experiments to 
avoid the presence of alcohol in performing this reaction. 

It was found, in the first place, that no alcohol is really necessary, 
although it is convenient, provided that the cyanoglutaconate is 
sufficiently violently agitated with the hydrogen cyanide solution. 
A larger excess of potassium cyanide, 3, 4, and 5 molecular propor- 
tions to 1-5 of hydrochloric acid, did not alter the yield of the 
product in any way. 

In the case of ethyl a-cyano-^-methylglutaconate, vigorous 
agitation with a concentrated solution of potassium cyanide leads 
to the same result. In this experiment, vigorous shaking from 
time to time during ten minutes results in the formation of a deep 
yellow emulsion, from which nothing can be extracted by means of 
ether. After allowing the emulsion to settle, it is found that a 
layer of potassium cyanide solution forms the upper portion, the 
yellowish-bro^\'n lower layer being apparently an aqueous solution 
of the potassium derivative of ethyl a^4-dicyano-|3-methylglutarate. 
The free ester is obtained by acidifying and extracting with ether. 
From an experiment like this, 9 grams of ethyl a-cyano-?-methyI- 
glutaconate yielded 8 grams of the pure dicyano-estcr of b. p. 
197—200°/19 mm. 


CondeTisaimi of the Cya 7 iohydrin of Ethjl AcetoaceUiie with Eih^l 
Sodiocyanoacetate. Formation of Ethjl 
glutarate (VII). 

On account of the difficulty of obtaining ethyl a-cyano.^-methy^l 
glutaconate in good yield, it was decided to try the t 

ethyl a^-(licyano-[3-raethylglutarate by the direct condensa i 
the cyanohydrin of ethyl acetoacetate with ethyl so locya 
_a method suggested by the interesting “ JJ J 

and Higson (T., 1906, 89. 1466) on the synthesis 
succinic acids by the condensation, for example, of aceton y 
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hydrin with ethyl eodiocyanoacetate. The condensation was 
carried out as follows. To a solution of sodium ethoxide (4-4 grams 
of sodium in 70 c.c. of absolute alcohol) 22-6 grams of ethyl cyano- 
acetate were added, and the solution was cooled and added, in 
small quantities at a time, with continual shaking, to a solution of 
314 grams of the cyanohydrin of ethyl acetoacetate in 30 c.c. of 
absolute alcohol. The reaction took place without appreciable rise of 
temperature, and the slightly yellow solution was found on the next 
day to have set to a sohd yellow mass, the solid being essentially 
the sodium derivative of ethyl dicyano-p-methylgliitarate. The 
mass was stirred with dilute hydrochloric acid, the precipitated oil 
extracted with ether, and the extract distilled under reduced 
pressure, when 20 grams of the expected condensation product 
were obtained, b. p. 197—202718 mm. The fact that the yield 
(40 per cent.) is the same as that obtained in proceeding through 
the stage of the cyanoglutaconate suggests that the mechanism of 
the formation of the dicyano-ester is essentially the same as that 
ill the previously described experiments. 

That the dicyano-ester prepared by this method is identical 
with, that prepared by other methods was amply proved by a number 
of reactions. It gave I3-methyltricarballylic acid on hydrolysis. It 
was easily soluble in alkali hydroxides and in 10 per cent, potassium 
carbonate solution. When treated with ammonia, it gave the same 
results as other specimens. 

Addiimi of Hydrogen Cyanide to Ethyl oL^Cyano^^y-dimethylglut- 
aconate (V). Formation of Ethyl oL^~Dicyano^^-me(kylbuiane~ 
(ny-dicarboxylate (VIII). 

The cyanodimethylglutaconic e.ster necessary for these experi- 
ments was prepared by Rogerson and Thoiqie’s method (loc. cit.) 
with the difference that potassium w^as substituted for the sodium 
used by them (this vol., p. 2219). 

In adding hydrogen cyanide to ethyl a-cyano-py-dimethylglut- 
aconate, 24 grams of the latter Were dissolved in 150 c.c. of alcohol 
and the solution was cooled in ice. A concentrated solution of 
potassium cyanide (13 grams) was added and subsequently a 
quantity of a 20 per cent, solution of hydrochloric acid equivalent 
0 54 grams of the anhydrous acid. After standing for fifteen 
minutes, the product w’as isolated by pouring into W'ater and 
ex racting with ether, 20 grams of pure ethyl ap-dicyano-p-methvl- 
butane-ay.dicarboxylatc (VIII), b. p. 200—206720 mm., being 
Dtained. This is 75 per cent, of the theoretical (Found : C = 58-5 ; 

NT m K Ci 3 Hig 04 N 2 requires C = 58-6 ; H=^6-8; 

« = IU*5 per cent.). 
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Ethyl oi^-dicyano-^-methylbuUine-tty-dicarboxylak resembles ethyl 
ap-dicyano-p-methyiglutarate very closely in its general properties. 
It is a colourless oil insoluble in 10 per cent, sodium carbonate 
solution, slightly soluble in 10 per cent, potassium carbonate solution 
and in 10 per cent, potassium or sodium hydroxide. 

Action of Jm?w)Kia.“When ethyl aP'dicyano-P-methylbutane. 
ay-dicarboxylate (5 grams) was vigorously shaken with concentrated 
ammonia (60 c.c.), it gradually dissolved, solution being complete 
in about ten to fifteen minutes, the liquid taking on a yellow colour 
After twenty-four hours, crystals had separated. A part of these 
proved to be soluble in ether and v’ere identified as ethyl P-amino- 
a-methylcrotonate (this vol., p. 2221), whilst the other portion was 
soluble in hot water, from which it crystallised on cooling. This 
substance blackened considerably above 300'^ and melted at about 
320“^. By decomposing this compound with boiling caustic alkali 
a substance, m. p. 276^ w^as produced and this showed itself in 
every way identical with the s\ibstance obtained by the action of 
ammonia on a-cyano-py-dimethylglutaconic ester (this vol., p. 2221). 
It is clearly the substance first described by Guareschi {loc. cit.' 
and stated by him to be 6-hydroxy-2-kcto-4 : 5-dimethyl-2 : S-di- 
hy dropyridine - 3 -c ar boxy lonitrile , 

Hydrolysis of Ethyl ap-7^?ry(i7io-p-?rtef%^6u<a)ie-ay-dicar6o,ry/fffe 
(VIII). Fomoiion of a^'DimethyllricurbaUylic Acid, 
H0X-CHiIe-CMe(C0.2H)*CH2‘C02H. 

—The cyano-ester w^as hydrolysed by boiling with concentrated 
hydrochloric acid for about twelve hours, the resulting solution 
being evaporated to dryness and the residual solid extracted several 
times with ether, After the evaporation of the ethereal solution, 
the gummy residue of acid w'as dissolved in methyl alcohol, saturated 
with dry hydrogen chloride, kept over-night, and treated again iii 
the same way after evaporating off at reduced pressure water and 
excess of alcohol. The acid w'as thus almost quantitatively con- 
verted into the trimethyl ester. The ester wa.s extracted in the 
usual way and w'as obtained as a coloiirle 3 .s liquid, b, p. 162°/22 mm. 
(Found : C - 53-3 ; H == 7'3. requires C - 53-7; H - 

7-3 per cent,). 

The trimethyl ester was Iiydrol3^sed in the ordinary way with 
alcoholic potassium hydroxide solution, and the resulting acid 
extracted with several lots of ether. After evaporation of the 
^her, an acid remained which showed no signs of crystallisation. 

ven after repeated evaporation of an aqueous solution and ulti- 
mately leaving for many weeks not only in a vacuum over sulphuric 
a«id, but also for a period exposed to the air, it still remained a 
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comparatively mobile liquid. This wa.s doubtless a mixture of the 
two possible isomeric forms of inactiv^e «(i-dimethyltricarbaUylic 
acid. A crystalline acid was ultimately obtained by heating the 
sjTupy acid at 180° for six hours in a sealed tube with 30 c.c. of 
hydrochloric acid (22 c.c. of the concentrated acid and 10 c.c. of 
water). On extracting the product with pure ether, an acid was 
obtained which solidified readily and melted (after remaining in 
contact with porous porcelain) at 147 — 151°. Afterwards it was 
found that an acid of this melting point could readily be obtained 
hy hydrolysing the trimethyl ester with concentrated hydrochloric 
acid and evaporating to dryness. The further purification of the 
acid proved to be a tedious piece of w'ork, for apparently traces of 
an isomeric acid of lower melting point accompany it. It was 
crystallised five times from hydrochloric acid before a constant 
melting point was, obtained. Ultimately the acid melted at 
165—167° (effervescing violently at this temperature, doubtless 
forming an anhydride). A mixture of this acid with [i-niethyl- 
tricarballylic acid (m. p. 164—165°) melted at about 152—155° 
(Found : C " 46-7 ; H — 6T. CgHjgOg requires C — 47-0; H — 
6-0 per cent.). Attempts \vere made to isolate the isomeric acid 
the presence of which was suspected, but it must have been present 
in small quantity, for from the mother- liquors of the above crystal- 
lisation nothing could be isolated except what w'as obviously 
principally the acid of melting point 165 — 167°. 

a^-Dimethyltricarballylic acid shows in neutral solution precisely 
the same uncharacteristic behaviour towards various metallic salts 
as p-methyltricarballylic acid (compare T., 1912, 101 , 910). It is 
insoluble in light petroleum, chloroform, or benzene, but readily 
soluble in water or acetic acid. It crystallises well from formic 
acid and from hydrochloric acid. On being heated above its melting 
point, it loses water easily, apparently forming an anhydride. This 
remained gummy and no solvent was found from which it could be 
cry.stallised. The acid was regenerated on crj^stallising the gum 
from hydrochloric acid. 

The AMU ion of Hydrogen Cyanide to Ethyl 
buicne-:iy‘dimrboxyJate (VI), 

In the preceding paper (p. 2222), it is shown that the above ester 
is converted by the action of sodium ethoxide in cold alcoholic 
solution into the isomeric ester, ethyl a-cyano-py-dimetlivlghit- 
aconate. In the circumstances in which hydrogen cyanide is added 
on, that is, in the presence of potas.sium cyanide and the free alkali 
formed from it by hydroh-sis, it is almost certain that isomeric 
change precedes the additive process. If such change did not 
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occur, it is clear that the same product is to be expected. In fact 
the dicyano-ester obtained showed itself in its behaviour on 
hydrolysis, in its behaviour with ammonia, and in its behaviour on 
treatment with sodium and methyl iodide, to be identical with that 
derived from ethyl a'Cyano-p-y-dimethylglutaconate. 

M ethylation of Ethyl oL^^Dicyano-^-meihjIglutarcUe. Formation of 

In the preparation of this substance, ethyl ap-dicyano-p-methyl- 
glutarate (25 grams) was added to a solution of sodium ( 2-3 grams) 
in alcohol (50 c.c.), and the mixture, after the addition of methyl 
iodide (25 grams), heated on a boiling water-bath for two and a half 
hours. The product, which was isolated in the usual way, boiled at 
196— 197717mm. and was a colourless, viscous oil (Found : C == 58-9; 
H = 7-3. € 13111304 X 2 requires 0 ” 58-6 ; H == 6-8 per cent.). 

When the ester was boiled with sulphuric acid of about 60 per 
cent, strength for three and a half hours and the liquor saturated 
with ammonium sulphate, an oil separated which showed no signs 
of solidification. It was extracted with ether, the ethereal solution 
dried, and the residue after the distillation of the ether treated 
with methyl alcohol and dry hydrogen chloride. After standing 
over-night, the methyl alcohol and hydrochloric acid were evapor- 
ated in a partial vacuum, the flask being immersed in boiling 
water, and the residue again treated with methyl- alcoholic hydrogen 
chloride. This second treatment resulted in the separation of a 
white, crystalline solid . Water was added and the mixture extracted 
with ether. The ethereal solution was washed with dilute sodium 
carbonate solution, dried with calcium chloride, and the solvent 
distilled. The residue solidified readily and completely. On dis- 
tillation at reduced pressure, it boiled without decomposition at 
219—224^/19 mm. From 10 grams of the original ester a total of 
4-5 grams of the new substance* was obtained. The distillate 
crystallised to a hard solid, which was recrystallised from water. 
Two recrystallisations raised its melting point to 136 — 137° and 
this was unaltered by further crystallisation. The substance dis- 
solved in dilute alkali hydroxides and also in concentrated sodium 
carbonate solution, being rcprecipitated on the addition of acids. 
It con'cains nitrogen and is in all probability an imide — the imido- 
group explaining the solubility in alkalis. Formula (IX) explains 
the behaviour of the substance so far as it has been examined 

* A apeciiucn of 10 grams of ethyl o^*dicyano-)8-methylbutane-ay-dicftrb* 
oxylate (VIII), prepared from ethyl o-cyano-Sy-dimethylglutaconate and 
hydrogen cyanide, was subjected to precisely the same treatment as that 
described above. In this case exactly 4*5 grama of the trimethyl ester of 
ad-dimethyltricarballylic acid were obtained. 
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(Found : 0 = 53-7 ; H ^ 6-3 ; N = 7-3. C 9 H 13 O 4 N requires C = 
^.2 ; H = 6-5 ; N = 7-0 per cent.). 

The imido-ester can be roughly titrated with aqueous alkali : 
0-203 gram neutralised 0*03564 gram, of sodium hydroxide, whereas 
0*203 gram of a compound of the above formula, if it neutralised 
one gram-equivalent, would require 0*0408 gram. 

Further evidence in favour of the view expressed above regarding 
the constitution, was obtained on hydrolysis with concentrated 
hydrochloric acid. 

This operation required five hours, using a sealed tube, at a 
temperature of about 175®, The aqueous solution was evaporated 
to dryness on the steam- bath, and the solid residue extracted with 
pure ether. A residue of ammonium chloride was left and the 
substance which passed into solution was shown to be a^-dimethyl- 
tricarballylic acid, fpr after two crystallisations from hydrochloric 
acid it melted at 162 — 164® {alone or mixed with an authentic 
specimen). (To obtain a^-dimethyltricarballyhc acid of maximum 
melting point, 165 — 166®, requires, as a rule, five or six crystal- 
lisations.) 

On vigorously shaking the cyano-cster (X) \\ith concentrated 
ammonia solution, it gradually passed into solution and after six or 
seven hours a sandy solid separated in small amount. This sub- 
stance, which increased a little in quantity after the mixture had 
been kept for some days, was excessively sparingly soluble both in 
methyl alcohol and in water. It melted at about 265® and, unlike 
the substances obtained by the action of ammonia on the other 
cyano-esters, showed no colour reaction >vith ferric chloride. It is 
probably an amide, no hydrolysis of the carbon chain having 
occurred in this case. 

Hydrogen Cyanide and Ethyl a.^Cyano-T.'^jy-trimdhylgluiaconaie, 

Some of the trimethylglutaconate was made in the manner 
described by Rogerson and Thorpe (T., 1905, 87, 1669) by the 
action of sodium ethoxide and methyl iodide on ethyl a-cyano- 
«y-dimethylglutaconato in alcoholic solution. Owing to the 
formation of considerable amounts of ethvl -y-cyano-stJJy-trimethv’l- 
crotonate by the action of traces of sodium ethoxide on the trimethyl- 
glutaconate, attempts were made to substitute metallic sodium and 
metallic potassium for the sodium ethoxide, alcohol being replaced 
by benzene. 

Sodium was found scarcely to react, but with the aid of potassium, 
viiich formed an insoluble potassium derivative with the cyano- 
dimethylglutaconate, considerable quantities of the trimethyl- 
glutaconate, b. p. 174 — 178®/28 mm., were obtained. Unaltered 

4g* 
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cyanodimethylglutaoonate could be removed by the action of con- 
cLtrated ammonia, the trimethyl derivative being unacted upon 
by this reagent. 

In the investigation of the action of hydrogen cyamde on ethyl 
a-cvano-nSv-trimethylglutaconate, it was necessary to avoid the 
use of alcohol, since, owing to the presence of potassium cyanide, a 
certain amount of potassium etlioxide would have been formed, 
with the consequent elimination of ethyl carbonate and the formation 
of cyanotrimethylcrotonate. Agitation with an aqueous solution of 
potassium and hydrogen cyanides was the method adopted. The 
product in two separate experiments was identical with the starting 
material It can therefore be safely concluded that ethyl a-cyano- 
a^y-trimethylgUitaconate does not add on hydrogen cyanide. 

MetAylaiion of Ethyl ^^.DicyaHO.f>-melhylbui^^^^^ 

(VIII). 

Fonnalionof Ethyl ^y^Dicyano-y-methyl^^^^ (XI). 

Since the above method for producing this substance failed, an 
attempt was next made to methylate ethyl a^-dicyano-p-methyl- 
butane-ay-dicarboxylate and was found to be successful. 

In methylating this substance, 18-9 grams of it were treated with 
sodium ethoxide, prepared by dissolving sodium (1-61 grams) in 
absolute alcohol (40 c.c.). Subsequently methyl iodide (20 grams) 
was added. The addition of the sodium ethoxide resulted in a 
bright red colour, and there was no evolution of heat. The mixture 
became hot, however, on the addition of methyl iodide. The 
reaction was allowed to proceed by itself for about one hour and 
the mixture was then heated gently for a similar period on the 
steam-bath. On pouring into water and extracting with ether in 
the usual way, 16 grams of a new substance, b. p. 202— 207°/23 mm., 
were isolated (Found : C “ oO-B; H — 6'8. Ci 4 ll 20 ^ 4^2 rcquiies 
C ^ 60*0; H 7'0 per cent.). 

This new substance, which is a colourless oil, is quite insoluble in 
10 per cent, aqueous potassium hydroxide, and is hence readily 
distinguishable from the original cyano-ester. It dissolves with 
great difficulty on prolonged standing with concentrated ammonia, 
but the product has not been examined. 

Hydrolysis of Ethyl ^y-Dkyano-y-mdhylpentaiie-'iih’dicarboxylde. 

Formation of the Anhydride of Trimv.tkyUricurballylic Acid, 
CO-CHMe’CMe-CHMe-CO^H CO-CHMe’CMe(CO.,H)-CHMe-(;0 

0—7 CO 0 

When the cyano-ester is boiled with 40 per cent, sulphuric acid, 
it is slowly hydrolysed, the original oil being replaced by the 
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hydrolysis product, which is itself insoluble and floats on the 
sulphuric acid. Some of the product solidified without further 
^j^atment and was filtered off and crystallised from formic acid, 
when, after two crystallisations, it melted at 188—190^. The bulk 
of the product, however, required extraction with ether. The 
extract was treated with methyl alcohol and dry hydrogen chloride, 
and the ester thus formed isolated in the usual way. Practically 
the whole quantity boiled at 166 — 172®/26 mm. Redistillation 
gave a good specimen of boiling point 164—167^/24 mm. (Found : 
0 =; 54*9; H — ^ 12 ^ 20^6 requires 0 = 55-4; H = 7*7 per 

cent-)- inhere can be no doubt that this is the trimethyl ester of 

triincthyltricarballylic acid. 

Hydrolysis of Methyl Triniethijliricarballylate . — By means of alco- 
holic potassium hydroxide solution an acid was obtained which 
remained gummy and crystallised only on boiling its solution in 
hydrochloric acid to almost complete dryness. By a somewhat 
wasteful crystallisation from hydrochloric acid a substance, ra. p. 

187— 189'^, was obtained, identical with the compound, m. p. 

already referred to. A specimen crystallised from 
hydrochloric acid and dried in an exhausted desiccator over sulphuric 
acid M'as analysed (Found : C ^ 53-8; H 5-9. requires 

C^54*0; H == 6-0 per cent.). 

The substance is evidently the anhydride of trimethyltricarballylic 
acid, for the acid itself requires C = 49-5 ; H = 6-4 per cent. 
This is further borne out by the titration of the above compound ; 
0d554 gram required 20 c.c. of A/lO-NaOH. whereas 0-1554 of an 
aahydro-acid, OgHj^Og, should require 23-3 c.c. The end-point, 
using pheuolphthalein, was very difficult to find, and a pink colour 
of reasonable permanence was obtained only after long standing. 

It was at once noticeable that the substance of melting point 

188- 190'^ did not effervesce on melting (or on heating even at 
240'), whilst the other me thyltricarlja Hylic aeid.s evolve water with 
violence at their melting points. 

In conclusion, wc desire to exj)ress our tlianks to th(> Research 
Tund Committee of the Chemical iS<x‘iety f{m a grant which has 
defrayed a portion of the co.st of tliis investigation. 

The Umversitv, 1)vso>- Pkkkins L.\iu>k.\t<uiv, 

M.4Nr}{ESTER. OxcOHl) I'SH KR.sITV, 

licrcivi'il, 1922. 1 
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SMITHELLS : 


CCLXVIL— Reduction of Thorium Oxide by Metallic 
Tungsten, 

By The Reseauch Staff of the General Electric Co.j Ltd. 

London (work conducted by Colin Jambs Smithells). 

It is well known to workers on thermionic valves that the electron 
emission from t\ingsten is increased if the metal contains about 
1 per cent, of thoria. This has generally been ascribed to the 
effect of metallic thorium (Langmuir, Brit. Pat. 148,132), although 
no explanation of the formation of the metal has been put forward 
The following experiments show that thorium can be produced 
under certain conditions by reaction between tungsten and thoria. 

A series of gas-filled lamps having tungsten filaments containing 
0-7 per cent, of thoria were burned for various periods at different 
temperatures, and the filaments examined microscopically and 
chemically. If a thoriated filament is dissolved in a mixtui'e of 
boiling hydrofluoric and nitric acids, the thoria will remain as a 
white residue (Trans. Faraday Soc., 1921, 17, 485), whilst any 
metallic thorium will dissolve. The filaments from the experi- 
mental lamps were examined in this way, and it was found that as 
the temperature and the time of burning were increased, the residue 
on dissolving, became gi’een, blue, or grey, and diminished in volume. 
After burning at a sufficiently high temperature, only a microscopic 
residue remained, and this consisted of grey, metallic crystals and 
contained no particles of thoria. 

If, however, the filament is volatilised in a current of chloro- 
form and air, a residue of thoria will bo obtained, showing that a 
large part of the thorium is still in the filament. 


Temperature of 
filament. °K.* 

Time in 

T.4I1LE 1. 

Residue after 


hours. 

dissolving. 

Remarks. 

2oS0 

24 

White ThOj. 

No reaction. 

2600 

,, 

Blue „ 

1 

2630 


Greenisb-blue ThOg. 

f Seme „ 

2700 


Slate grey „ 

1 

2750 

2800 


Xo ThOj. 

Reaction complete. 

2650 

12 

White ThOj, 

No reaction. 

2650 

600 

Green „ 

Some „ 

2700 

24 

Slate grey ThO„. . 

Reaction complete. 

2700 

100 

No ThOj. 

* These temperature.? are strictly comparable, but may differ from 
absolute value by a small amoimt. 


Table I shows the influence of time and temperature on the 
reduction of the thoria. 
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It IS apparent from these experiments that when a filament 
containjng tnona is burned at a temperature of about 2700*^ K. 
the thona is reduced by the tungsten, giving metallic thorium' 
From the colour of the thoria residues as the action proceeds it 
appears that a secondary reaction also takes place. A microsection 
of a filament in which the reduction is complete shows the presence 
of a large number of bright orange-coloured inclusions. Fig 1 
is a photomicrograph of an unetched section of a filament after 
burning for three hundred hours at 2850^ K. These inclusions 
are not metallic thorium, as thorium produced by reduction of 


Fia. L 



Unached eeclionof lungs, en file, nent 0-7 per eenl. of ThO afler 


burning for 300 hours ut 2800“' K. ' 


400. 


thona within a filament is not visible iiniier tlio microscope and 
moreover, they are not attacked by boiling hydrogen peroxide^ 
To determine the nature of these inclusions, wdiioh appeared to 
snlvlTfiT ’ ‘l!" ‘^“'oration of the thoria residuerfrom dis- 

ien'i tungsten wire was packed with 

guted thoria, and the temperature gradually raised to 3000’ K 

.rrr 
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slowly at 1600® K., but is completed in a few minutes above 

2600 ® K. , . ui + j 

The grey crystals arc exceedingly stable towards acids and 
alkalis. After grinding the material, it was possible to remove 
most of the unchanged thoria by levigation in water, but the micro, 
scope showed that the residue was not homogeneous and consisted 
of a mixture of transparent crystals varying m colour from yellow 
to blue, in addition to the grey meUllic crystals. This mixture, 
which is not attacked by hydrofluoric and nitric acids, was fused 
with sodium carbonate (Found : Th = 57 ; W -- 26 per cent.). 
The grey material appears from its behaviour towards reagents to 
be a thorium-tungsten-bronze, and it is suggested that the coloured 
crystals are thoria containing a small proportion of the oxides of 
tungsten in solution. The colours of the thoria residues from 
dissolved filaments are probably due to the same cause. No 
bronzes of tungsten and the alkaline-earth metals have been de- 
scribed previously, although double bronzes with the alkali metals 
are known (Engels, 7i, a?iorgr. Ckem., 1903, 37, 125). 

From these experiments it appears that the main reaction taking 
place in the filament is the reduction of thoria to thorium by the 
tungsten. In addition, there is considerable evidence that the 
tungsten oxide formed combines with some unchanged thoria to 
form a thorium-tungsten-bronze. 

If the composition of this substance is similar to that of the known 
bronzes, it m\\ be of the form Th(W 03 )„, where, by analogy, n may be 
from about 3 to 10, and it is clear that a large amount of metallic 
thorium may be produced for each molecule of bronze formed. 

Researcu Laboratories, 

General Electric Co., Ltd., 

^VEiiBLEY. [Received, August 1th, 1922.] 


CCLXVlll.--y-Methylfructoside. 

By Robekt Charles Mexztes, 

The s3Tithesis of y-methylglucoside by Fischer [Ber., 1914, 47, 
1980) and the investigation of its methylated derivatives (Irvine, 
Fife, and Hogg, T., 1915, 107 , 524) would doubtless, in normal 
times, have been followed more quickly by the synthesis of the 
corresponding derivative of fructose, described in this paper. 

The existence of a reactive unsubstituted methylfructoside ^’as 
predicted by Irvine and Robertson (T., 1916, 109 , 1311 ), but previoas 
evidence has been circumstantial, although methylated derivatives 
of y-fructose have been obtained from sucrose (T., 1920, 117 , 200 
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and from inulin (tbid,, p. 1486). No methylfnictoside containing 
an nnsubstituted y-fructose residue has hitherto been prepared. 

A dextrorotatory reactive methylfructoside has now been isolated 
from the products of the action of pure methyl alcohol containing 
hydrogen chloride upon fructose ; it will be shown that the fructose 
lesidue in this compound is identical with that in sucrose and in 
inulin. The recent work on these two sub.stances is well known. 
It is, however, convenient to summarise previous indications of the 
existence of y-methylfructoside. 

In 1895, Fischer {Ber., 28 , IIGO) heated a .solution containing 
10 per cent, of fructose and 0-5 per cent, of Iiydrogen chloride in 
dry methyl alcohol for forty-eight hours at 35A By extraction of 
the resulting syrup with ethyl acetate he obtained a hygroscopic, 
amoiphous mass, characterised by the case with which it was 
hydi-olysed with regeneration of fructose. Purdie and Paul (T., 
1907, 91 , 289) repeated Fischer’s conditions as to concentration’ 
hut carried out the reaction at room temperature. Following the 
change polarimetrically, they found that tlie specific rotation of a 
.solution containing approximately 10 per cent, of fructose changed 
from -56^ the value four minutes after addition of the hydrogen 
chloride, to — 4'65® after four hours. A slow' change in the" reverse 
direction then commenced, the original value of -56^ being again 
reached after tw^o hundred hours. 

In their discussion of results, Purdie and Paul direct attention 
to the possible formation of a dextrorotatory methylfructoside and 
state that a dextrorotatory compound was actually isolated from a 
syrup which had dejxisited crystalline ]a?vorotatory tetramelhyl 
fructose. 

The w'ork of Irvine and Robertson (T., 1916, 109 , 1305) confirmed 
Purdie and Paul’s general conclu.dons, but .'showed that the i.s.sue 
was complicated by the pre.sencc of acetone as an impurity in the 
methyl alcohol used. They also predicted the properties of the 
'/-fructose, of which the methylfructoside now described i.s the first 
synthetic derivative. 

Using as solvent pure methyl alcohol free from acetone, and dried 
before use by repeated distillation over sodium, it has now been 
found that the optical rotations of solutions containing not more 
than 0 per cent, of fructose change sign in about twenty minutes 
from the tirjie of addition of hydrogen clilorido, and attain maximum 
positive values in little more than half an liour. On arrc.sting tlie 
reaction at this stage by neutralisation of the acid, a feebly dextro- 
rotatory syrup is obtained on removal of the solvent. This s^Tup 
fructos'd approximating to those required for a methyl- 
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This change in the optical rotation is accompanied by condensa- 
tion between the ketose and the alcohol, and in the case of a 2^ per 
cent, solution of fructose more than 85 per cent, of the sugar under- 
goes reaction in forty minutes at 20°. These figures show that the 
change is the most rapid of this kind hitherto encountered in the 
sugar group. 

Treatment of the syrup with ethyl acetate leads to partial solution 
only, the insoluble portion displaying in methyl alcohol a specific 
rotation of —27®. The fraction soluble in ethyl acetate is dextro- 
rotatory, [a]D -f 25-3® (in ethyl acetate), + 26-6° (in water), and 
consists essentially of y-methylfructoside. It is, however, probable 
that ethyl acetate also dissolves small quantities of the Isevorota- 
tory a- and p-methylfructosides, as in one experiment five successive 
extractions with ethyl acetate gave products showing the following 
specific rotations : + 35°, + 29*8°, + 31°, + 16‘9°, and -f* 9*3“. 
The fourth and fifth extracts were of much lower concentrations 
than the others, so that the original syrup thus consisted of some 
unchanged fructose together with a mixture of methylfructosidea, 
partly dextrorotatory and comparatively readily soluble in ethyl 
acetate, partly Itevorotatory and very sparingly soluble in ethyl 
acetate. The use of this solvent may consequently be expected to 
lead to a good, but not to a complete, separation between the 
dextrorotatory and laevorotatory components of this mixture. 

Analysis showed that the syrup remaining after removal of the 
ethyl acetate had the composition of a methylfructoside. The 
compound has, moreover, all the characteristics of the derivatives 
of a y*sugar, being completely hydrolysed in the cold by 0-033 per 
cent, aqueous hydrogen chloride, the specific rotation meanwhile 
changing from + 22° to -64-3° owing to the formation of fructose. 
Under similar conditions, p-methylfructoside is unattacked. 
y-Methylfnictoside decolorises A^/500 -potassium permanganate 
solution in thirty minutes, the same time, under similar conditions, 
being required by y-methylglucoside, whilst a-methylglucoside and 
p' methylfructoside required thirty hours. 

The above data afford conclusive evidence that the dextrorotatory 
methylfructoside belongs to the y-type, and the formation from 
fructose of a compound of this nature has now been definitely proved 
for the first time (see Irvine, Steele, and Shannon, this vol., p. 1069). 

Identification of the ketose residue in y-methylfructoside with that 
contained in sucrose and in inulin rests, as usual, on a comparison 
of the derived tetraraethylfructoses. Tetraniethyl y-methyl* 
fructoside was first prepared from y-methylfructoside by the silver 
oxide method. This was repeated three times, the product bebg 
then distilled and again methylated. From this, tetramethyl 
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.glucose wafl prepared by hydrolysis, a solution containing approxi- 
mately 1 tetramethyl y-methylfructoside and 0'25 per 

cent, of hydrogen chloride being heated at lOO'" for three Ijonrs. 

Xhe analytical and physical data of the above compounds are 
compared with those obtained for the corresponding compounds 
when prepared from sucrose and from inulin. 


Tetramethyl y-methylfrucioside. 



C. 

H. 

OMe. 

From umh« * 

52-3.3 

8-47 

60-6 

From fructose 

52-30 

8-91 

60-7 

C 6 H 70 ( 0 Me )5 requires 

52-7G 

8-86 

62 per cent. 


p- [«V 

Promimilin* 1-4471 137 — 138-5°/12 mm. +20-98° (in ethyl alcohol) 

prora fructose ... 1-4468 95— 105°/0-15 mm. +44' 9° (in ethyl alcohol) 


Tetramethyl y -fructose. 


C. H. OMe. 

prom inulin * 50'88 8-57 53-2 

From sucrose t 50-87 8-51 50-3 

From fructo.se 50-44 8-54 52-55 

CgHs02(0^fe)4 requires 50-85 8-47 52-5 

13. p. [aV 

From inulin * 1-45.54 148-5°/10 mm. +32-9°i 

From sucrose t 1-4.545 154°/I3 mm. +31-7 j-in water. 

From fructose 1-4545 95^0-12 mm. -i-24'64) 


Irvine and Steele, T., 1920, 117, 1487, 
t Haworth, ibid., p. 207. 


The above figures indicate that the three sugars are es.sential]y the 
same. The differences in the .specific rotations in the case of the 
tetramethyl y-methylfructosides are wit li out doubt principally due 
to the different proportions of the stereoisomeridc.s pre.«;ent in the 
two cases. 

This factor does„not interfere in tlie case of the tetramethyl 
■)^-fructoses, but here, a.s already explained, the snitbetic product 
is mixed with a little lacvorotatoiT tetramethyl fructose, derived 
from Igevorotatory methylfructo.^ide dis.soI\ cd by ethyl acetate. 

In view of recent publication.^, it is prudent to state that it is 
intended in tliis laboratory to attein])t the s\mtliesi,s of .sucrose from 
y-methylfructo.side. 


Experimental. 

Specification of Methyl Alcohol Vsed.—li lias been shoMm by 
Irvine and Robertson [loc. cii.) that their own results, a.s al.-^o those 
of Purdie and Paul, were profoundly modified by the pre.sonce of 
acetone in the methyl alcohol used as solvent, the ketone condensing 
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with the sugar to form methylfructoside-monoacetone. For the 
present work, methyl alcohol was used which was free from acetone, 
giving no precipitate of iodoform with a solution of iodine in 
A^-sodium hydroxide solution. It was dried by repeated distilla. 
tion over sodium, the fraction boiling between 64-5° and 66° being 


FlCr. 1. 


Curve I. 
C^irve il. 
Ciirve ni. 
Ctirve IV. 


2J% Fructose at 20®. 

5% Fructose at 18°. 

10% Fructose (it 20®. 

1 0 % Fructose. ( Pu rdi e and Pa ul ) . 


Solvent, methyl alcohol free fr07n acetone, dried by distillation over mdium 
some days before use. 0-o% Hydrogen chloride m each case. 


Fig. 2. 

Curve V. 2\% Fructose at 20®. 

Cim)e. VI. 2l% Fructose ; 1% u-aler at 20®. 

Curve VII. 2l% Fructose; &b% uai€rat20^. 

Solvent, methyl alcohol free froin acetone, distilled over aodiuni itnmediatelij 
before use. 0-5% Hydrogen chloride in each case. 


Fig. 1. 2. 



employed. The density corresponded ^^ith a metliyl alcohol 
content of more than 99 ’5 per cent. 

Optical Data . — Using the methyl alcohol specified above as 
solvent, solutions containing O' 5 per cent, of hydrogen chloride in 
each case and 10, 5, and 2 '5 per cent, of fructose were prepared. 
The fructose was first dissolved in the pure solvent; dry methyl- 
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alcoholic hydrogen chloride was then added, the quantities being 
adjusted so that the desired solution was obtained on mixing. 

J'ig, 1 illustrates the changes with time of the specific rotations, 
por comparison, a curve is also shown displaying the changes in 
specific rotation calculated from Purdie and Paul’s figures. Zero 
time in each case is that of addition of the hydrogen chloride. 

It will be noted that the changes now under discussion were both 
greater in magnitude and more rapid than those observed by Purdie 
and Paul, and that in the cases of solutions containing 5 and 2 ’5 
per cent, of fructose, the sign of the rotation quickly changed, a 
maximum positive value being observed in less than half an 
hour. 

This result was directly contrary to that expected, since Irvine 
and Robertson (loc, ciL, p. 1310) wrote : 

“ The methyl alcohol which is recovered from the methyl- 
fructoside preparation, and is thus deprived of the last traces of 
acetone, condenses with fructose in a different manner. ... No 
preliminary fall in Isevorotation then takes place, so that the section 
A B in Purdie and Paul’s curve is cut out ” (Purdie and Paul, loc. 
ciL, p. 291). 

This statement requires modification. Irvine and Robertson’s 
solutions contained 10 per cent, of fructose ; their methyl alcohol 
contained 5 per cent, of acetone. They showed that both acetone 
and alcohol condensed vith fructose. These condensations and 
likewise the subsequent nGUtrali.sation of hydrogen chloride with 
silver carbonate involve the formation of water. Now it will be 
seen by reference to Fig. 2 that the addition of 1 per cent, of water 
to a solution containing 2-5 jier cent, of fructose and O'o per cent, of 
dry hydrogen chloride in dry methyl alcoliol is sufficient to inliibit 
the change in sign of the optical rotation otherwise observed. Larger 
quantities of water completely alter the shape of the curve. 

These observations indicate tliat tiie clianged optical behaviour 
described by Irvine and Robert .son js to be attributed, not to the 
elimination of acetone, but to the introduction of water into their 
recovered alcohol. 

This conclusion is strengthened by tlie following experiment. 

The solution containing 5 per cent, of fructose (Fig. 1) was neutral- 
ised by careful addition of sodium di.ssolved in dry ]nethyl alcohol. 
The solvent was then removed by slow distillation through a column. 
The first fraction was used for a similar ex^xmiment, the same con- 
centration of fructose and of hydrogen chloride being used. The 
curve now obtained by plotting the rotations against the times was, 
within the limits of experimental error, identical with the first. 

Further confirmation of the statement that the Battening of the 
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curve described by Irvine and Robertson was not due to the removal 
of acetone is afforded by the fact that acetone itself has an effect 
similar to that of water in altering the changes observed subsequent 
to the addition of hydrogen chloride (Fig. 3). 

FiQ. 3. 

Curve V. 2^% Fructose at 20®. 

Curve VIII. 2|% Fructose ; 0'2% acetone at 20°, 

Curve IX. 2^% Fructose ; I' 4% acetone. 

Curve X. 2S% Fructose; 5% acetone at 20®, 


Solvent, metht/l alcohol; d/siilkd over sodium. 
0‘5% ffj/droffen chloride in each case. 



The above details are given partly at the direct request of one of 
the above authors, and partly because they indicate the great 
importance in this work of the purity of the methyl alcohol used. 

•/'Meik^lfrudoside. 

GcJteraf.— The solutions containing 10 per cent, and 2-5 per cent, 
of fructose (Fig. 1) were neutralised after ninety and forty minutes, 
respectively. On removal of the solvent, the resulting syrups 
gave the following analytical figures— 
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SvnJp fJ'O™ P®^ ' 

Swap fro*® P®^ froctosG , 

cW 06 ( 0 Me) requires 

clH,:Oe requires 


c. 

H. 

OMe. 

41-9 

7-4 

16-2 

42-8 

7-5 

15-9 

43-3 

7-2 

15-9 

40 

0‘7 

— ' 


These figures indicate that the reaction is more complete in the 
jjiore dilute solution, in which condensation of more than 85 per 
cent, of fructose appears to have taken place. This syrup still 
reduced Fehling’s solution. 

Details of Freparaiion of y-Methjlfructoside. — Seven grams of 
fructose were dissolved in methyl alcohol. This solution was diluted 
with methyl-alcoholic hydrogen chloride so that the total volume 
amounted to 350 c.c., whilst the acid content was 0'5 per cent. 

The rotation was observed at short intervals, the maximum 
positive value, [ajp -f 6°, being attained after thirty-two minutes. 
The acid was neutralised by careful addition of sodium methoxide 
solution until the reaction was neutral to litmus. The greater 
part of the solvent was removed by distillation on the water-bath 
at the ordinary pressure ; the remainder in a vacuum desiccator. The 
resulting syrup was shaken with ethyl acetate previously dried over 
potassium carbonate. By this means sharp separation was efiected, 
there being obtained a laevorotatory syrup insoluble in ethyl acetate 
_ 27“ in methyl alcohol). y-^Iethylfructoside dissolved in 
the ethyl acetate, and on removal of this solvent was obtained as a 
colourless, hygroscopic syrup, [a]jj 4 - 25 2“ (in ethyl acetate), 
-f- 26-6“ (in water). 

Owing to its hygroscopic nature, drying for analysis was difficult, 
and had to be continued in a vacuum for more than twenty-four 
hours at 90“ (Found : C — 43-0; H = 7T ; OMc — 14*8, 14‘4. 
C 7 Hi 40 s requires C = 43'3 ; H = 7'2 ; OMe ~ 15 9 per cent,). 

y-Methylfructoside, dissolved in water, ga\e no precipitate on 
immediate boiling with Fehling’s solution; if, however, six hours 
were allowed to elapse before applying the test, perceptible reduction 
was observed. Standing for six Iiours at room temperature with 
hydrogen chloride led to marked evidence of hydrolysis, 
whilst boiling for one minute with JN'/IO-acid w^as followed by a 
copious formation of cuprous oxide on sub.sequent heating with 
Fehling’s solution. 

Hydrolysis of y-Methylfrudosidc . — As the bcliaviour towards 
Fehling’s solution indicated the compound to be unusually sensitive, 
an aqueous solution was made up containing 0'027 per cent, of 
y*methyIfructoside with 0‘033 per cent. (~A’/111) of hydrogen 
chloride. The temperature was never allowed to exceed 20“ . 
The rotations were read in a 2-dcm. tube, the change of specific 
rotation with time being showm in Fig. 4. After an initial increase 
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from 22*06® to 28-05® (not shown) during the first thirty minutes, 
the specific rotation steadily decreased, changing sign after thirty 
hours, and reaching a value corresponding with a specific rotation 
of — 64’26® after twenty-seven days. It has recently been shown 
in this laboratory by Dr. J. Patterson that under much more drastic 
conditions the observed rotation of l^-methylfructoside displayed 
no change. 

The syrup obtained after neutralisation of the acid and removal 
of the solvent gave a phenylosazone, which had the same melting 


Fig. 4. 



point as glucosephenylosazone. The identity w^as further established 
by taking a mixed melting point. 

Tetrameihyl y-Mdhjlfructoside. and Tetramethyl y-Fmctose. 

All the operations involved in converting y-methylfructoside into 
tetramethyl y-methylfructoside and tetramethyl y-fructose followed 
the lines usual in this laboratory, and do not require detailed 
description. 

The analytical and physical data form an integral part of the main 
argument and have been consequently given in the introduction. 
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{^{%\l\.-~D^terminatio7i of the Molecular Weight of 
Substances in Alcoholic Solution from the Elevation 
of the Flash Point. 

By Robert Wright. 

The flash-point apparatus here described was devised for the 
investigation of the selective solvent action of aqueous alcohol, 
an account of which is given in the following paper. The results 
obtained showed that the flash point of an alcoholic solution could 
be determined to within O'l^, and it ^vas thoiiglit that the method 
might he adapted to the determination of molecular weights of 
substances soluble in alcohol. 

The flash point of a combust ililo liipiid may be regarded as the 
temperature at which the air .sjiaco over the confined liquid is rich 
enough in vapour to permit the passage of flame tljrough the air- 
vapour mixture- It denotes a .state of definite richness of vapour 
—or vapour pressure -for the given liquid and therefore is strictly 
comparable with the hoi li rig point of a ]i({uid, in that both represent 
temperatures of definite vapour pressure, it follows from thi.s 
that tlie elevation of the flasli point liy means of a non-volatile 
■solute should follow the .'<atne laws as tlie elevation of the boiling 
point. 

The flash-point constant- or tlie elevation of the flasli point 
produced by the addition of a gram -molecule of solute to 1IX> grams 
of solvent — for alcohol will be given liv the (‘xpression K ~ 0-027’- L. 
Its value will be less than that of the boiling point constant for 
the .same liquid, as T will be lower and L greater in the ease of the 
flash point. The flash point of pure aleohol in the apparatus used 
ivas found to he 174'. Young {Proc. U-.-r. Dub. S(x., 19 Id. 12. 441) 
gives 220-(i calories as tlie value of tlie latent heat of alcohol at 
20’. r sing til is figure, we get 74 as the \'alue of the flash-point 
constant, that of the boiling-point constant being ll-o. It will 
be evident that, from a knowledge of tlie flash point of pure alcohol 
^nd of that of an alcoholic solution of known composition, the 
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molecular weight of the solute may be found as in the boiling-point 
method. 

As an alternative, the formula for the lowering of the vapour 
pressure, (p-p')lp ' be used. The vapour pressure 
of pure alcohol at the temperature of its flash point is found from 
tables ; this value is the same as the vapour pressure of the solution 
at the temperature of its flash point. The vapour pressure of the 
pure solvent, p, at the flash point of the solution is also found 
from tables. Then, since the vapour pressures of both solvent 
and solution at the temperature of 
the flash point of the solution are 
known, and the composition of the 
solution is also known, we can 
calculate the molecular weight of the 
solute in the usual manner. All the 
fla.sh points determined were between 
the temperatures 17® and 19°; the 
vapour pressures of alcohol at these 
temperatures were taken as 36-8 mm. 
and 414 mra., and tlie vapour pres- 
sures at intermediate temperatures 
were found by assuming that the 
curve connecting the logarithm of 
the vapour pressure and the temper- 
ature is a straight line. 

The standard form of flash-point- 
apparatus as designed by Abel was 
at first employed, but it was not 
found possible to get results closer 
than about one degree, so a dificrent 
type of apparatus was constructed in 
which the vessel is completely im- 
mersed in the heating bath, and the 
liquid is stirred by means of an air 
current. The apparatus consists of a tinned copper cylinder 55 mm. 
in diameter and 75 mm. high. The top is fitted with two tubes, 
one canying a thermometer graduated in tenths of a degree and 
the second — which is 20 mm. long and of 4 mra. bore— con- 
nected by means of rubber with a short piece of silica tube to act 
as a jet; this silica jet is essential, as without it the working of 
the instrument is very erratic. A second copper tube, which 
serves as an air heater, is wound several times round the cylinder 
in the form of a spiral ; it then passes through the wall of the cylinder 
and is bent in the form of a ring l 3 diig close to the bottom of the 
vessel. The end of the spiral tube inside the vessel is closed and 


Fig. 1. 




OF ST7BSTANCES IN ALCOHOLIC SOLUTION, BTC. 2249 

the is pierced mth a number of fine holes so that on passing 
air through the spiral the hquid in the cylinder is effectively stirred 
In cairymg out a flash-point determination, a definite quantity 
(,M c^c.) of hqmd IS placed in the vessel, which is then pkced in 
a beaker of about 2 htres capacity to act as a heating bath the 
apparatus being completely immersed in the water up to the rubber 
connexion of the sihca jet The spiral tube is then connected 
through a calcium chlondo drying-tube with a gas holder filled 
inth air a TO chp being placed on the rubber tube connecting 
the spiral and the dry ing- tube. The bath is heated by a very small 

flame and is stirred from time to time; the rate of heating being 
about one degree in fifteen minutes. At intervals of about two 
minutes the flame is removed, the bath stirred, and a series of 
short gusts of air admitted through the spiral by actuating the 
spnng clip until the temperature shown by the thermometer is 
quite constant The small flame i.s then held close to the silica 
jet, and a further series of air gusts are passed through the liquid 
The alcohol vapour carried by the air burns at the jet, and if the 
flash point has been reached, the flame will strike back into the 
ves^I with a sbght explosion. If the temperature is below the 
flash point, the flame is replaced below the bath and the tern 
prature aUowed to rise a few tenths of a degree, when the flash 
test IS repeated as before, the heating and testing being repeated 
every few minutes until the fla.,h point i.s pa,ssed. After L flash 
has been obtained, the products of combustion are swept out of 
he vessel by a stream of air, the bath is cooled about 1" and 
the process repeated with smaller temperature intervals between 

and the lowest is taken as the true flash point. With due care, the 
flash point can bo obtained with an accuracy of O-Oo’ The follow 
mg pomfa are important : (1) The same volume of liquid should 
always be used m the ap])aratiis. (2) The temperature of the 
vapour should be quite ,on.stant before a fla.sh test is applied 
3) It should he made perfectly certain that the flash point has not 
een reached before the temperature is again raised, that is about 

h tt m tT I---' "-Wlc the flame is iield to 

let. (4) riie products of combustion shoo'd be swent nnt 

" * i i ;r ’ ™"'* i™ • .iiv.in 

'“>■ '» 

tus and tested m the manner already described. After a 
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test has been completed, the apparatus is washed out and dried 
by heat and a current of air. 

The results obtained for a number of solutes are shown in the 
table. Molecular weight A is calculated by taking the value 7‘7 
as the flash-point constant, w^hilst molecular weight B is calculated 
from the lowering of the vapour pressure. 


Carbamide ...■ 
Acetanilide ... 
Benzoic acid... 

Aniline 

Bcnzjd alcohol 


Grams of 

Grauis of 

Flash point 

^Molecular weights. 

solute. 

solvent. 

elevation. 

A. 

B. 

True. 

2-45 

7C-.36 

0-40* 

()P5 

01-7 

69 

5 '02 

7rv21 

O' 45 

127 

127 

135 

7 -Oil 

74'54 

0-60 

130 

120 

122 


7o-70 

0-55 

98 

94 

93 

0-29 

7.rOS 

0-50 

109 

110 

108 


It will be seen that these results are accurate to within about 
5 per cent., that is, they are comparable with those obtained by 
the boiling-point method. It should be pointed out, however, 
that the manipulation is somew^hat tedious and that for accurate 
results somewhat high concentrations of solute must be used. On 
a flash-point elevation of about 0-50'' and with a limit of 0-05° in 
the accuracy of its determination, the error in the molecular weight 
would be about 10 per cent. 

The investigation w'as confined to ethyl alcohol, although other 
alcohols would probably be satisfactory. Benzene^ and other 
substances rich in carbon b\irn with a snn)ky flame which fouls the 
jet and renders accurate work impossible; moreover, the flash 
point of benzene is below' its freezing point. It should be noted 
that the flash point obtained with the apparatus described is higher 
than that given by the standard Abel instrument, and that it will 
be greatly affected by the size of jet used. 

A finaf point might be mentioned, The flash point of petroleum 
has long been knowm to be affected l)y atmospheric pressure. A 
faU of 10 mm. in the barometric height lowers the flash point by 
about 0*3° (Redwood, “ Petroleum and its Products '’). This 
low'cring is usually accounted for by the greater ease of evaporation 
at the lower pressure. But if the flash point depends only on the 
vapour pressure of the liquid, it should not be affected by change 
of barometric pressure, although the time taken for the liquid to 
come into equilibrium with its vapour w'ould bo longer at high 
pressures. A series of flash points w^as taken at pressures from 
750 mm. to 770 mm. and in all cases the value 17*4® was obtained 
for alcohol. The effect obtained in the case of petroleum may be 
due to the complex nature of the liquid. 


Physical Chemical Laboratory, 
Glasgow Uxivehsity. 
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Solvent Action hy the Constituents 
of Aqueous Alcohol. 

By Robert Weight. 

j|. is \vell known that when deahng with a mixed solvent, such as 
aqueous alcohol, many substances will dissolve in the mixture which 
are soluble in only one of the constituents. For example, sucrose 
is insoluble in pure alcohol but will dis.solve readily in al ohoi 
mixed ^vith water; and on the other hand, many substances in- 
soluble in water will dissolve in the water-alcohol mixture. 

The question then arises : Are these solutes— or semi- solutes — 
really dissolved in both constituents of the mixed solvent, or arc 
they simply held in solution by means of that constituent w'hieh 
has power to dissolve them when acting alone c 
The question might be answered if we liad a knowledge of the 
effect produced by a series of solutes on the partial vapour pressures 
of the water-alcohol mixture. Thus, sucrose, when added to water, 
-ftill lower its vapour pressure, but will have no effect ou alcohol, 
since it is insoluble in this solvent. When sucrose is dissolved in 
aqueous alcohol, will it lower both the partial vapour j^ressures or 
that of the water only ? Again, benzyl alcohol is insoluble in 
water but soluble in ethyl alcohol. Wbat effect will it have on 
the partial vapour pressures of the two con.stitucnts of the mixed 
solvent ? 

The most satisfactory method of investigating the partial pressure.s 
of the mixed .solvent is by conducting a series of analyses of tiie 
vapour phase in equilibrium with the solvent when a serie.s of 
different solutes are dissolved in it, and comparing the results witli 
that given by an analysis of the vapour when no solute is present. 
This method is somewhat tedious, and the results obtained by it 
will be considered later. 

As a preliminary method of investigation, the fiasli points of 
a series of aqueous alcoholic solutions were made use of ; the 
apparatus and method of w'orking being those already dc.scribed 
for the determination of molecular weights (this vol., p. 2247). The 
flash point of the mixed solvent w’as first found, and then a series 
taken when different solutes were present. The results obtained 
are shown in Table I. 

It is at once seen that the different solutes have very different 
effects on the flash point of the solution, and therefore at least on 
the vapour pressure of the alcoholic con.stituent. Benzyl alcohol, 
which is soluble in alcohol but not in water, raise.s the flash point 
the solution, that is, lowers the partial vapour pressure of the 
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Table I. 

flash points of solutions of aqueous alcohol containing 44 per cent, 
of alcohol by weight. 


Solute. 


None . , 
Sucrose 


Benzyl alcohol 
Glycerol 


Grama of 

Grams of 

Flash 

solute. 

solvent. 

point. 



— . 

30- .5" 

19-42 

84-24 

29-3 

12-93 

85-63 

29-7 

11-92 

84>24 

33-6 

5-35 

88-31 

32-0 

10- 85 

84-76 

30-3 

24-42 

75-85 

30-1 


alcoholic constituent. Sucrose, on the other hand, lowers the flash 
point and therefore presumably increases the vapour pressure of 
the alcohol; this may be due to the sucrose molecules hydrating 
themselves and thus rendering inert some water molecules and, as 
it were, leaving the solution richer in alcohol. Glycerol, which is 
miscible with both constituents, has also a slightly lowering effect 
on the flash point; it has therefore probably a pater attraction 
for the water than for the alcohol present in the mixture. It should 
be noted that the reasoning has ignored the effect of the solutes 
on the partial vapour pressure of the w’ater component. It may 
be that sucrose, by lowering the aqueous vapour pressure and 
consequent removal of water vapour from the vapour phase, may 
lower the temperature of the flash point. Whether the sugar 
increases the vapour pressure of the alcohol or simply lowers that 
of the water can only be decided by the determination of the two 
partial pressures, and their comparison with those of the mixed 
solvent when no sucrose is present. In any case, it is quite clear 
that the various solutes are held in solution by different forces. 

It was thought that some further information might be gained 
by the application of the freezing-point or boiling-point methods 
as used for molecular- weight determinations. The boiling-point 
method is not satisfactory, as it deals with the sum of the two partial 
pressures, and, unlike the flash point, does not differentiate between 
them. In the case of the freezing point, since the water alone 
freezes, it seemed possible that sucrose would still further lower it, 
whilst benzyl alcohol might have the opposite effect. Unfortunately, 
it was found quite impossible to obtain a definite freezing point for 
the water-alcohol mixture, the concentration of the alcohol being 
of necessity large ; the separation of a relatively small amount of 
ice during freezing so altered the composition of the mixture by 
an unknown amount that no definite freezing point could be ob- 
tained. Several attempts were made to avoid tjiis source of error, 
but were not succe.ssfu], and the method had to be abandoned. 
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Xhe analysis of the mixed vapours was carried out by passing a 
stream of air through the solution kept at a constant temperature 
jn a thermostat and then leading the saturated air over heated 
copper oxide in a small combustion furnace, and estimating the 
carbon dioxide and water produced. The air was first purified by 
means of soda-lime and pumice moistened with concentrated 
sulphuric acid; it then passed through the heating coil of the 
flash-point apparatus already described {loc. cit.) and then through 
the solution, which was contained partly in the flash-point apparatus 
ajid partly in a set of absorption bulbs. The flash-point apparatus 
was fitted with a sensitive thermometer, and both it and the bulbs 
were placed in a thermostat at 20®. The saturated air next passed 
over the heated copper oxide and the carbon dioxide and water 
produced were collected in the usual manner. The exit tube of 
the absorption apparatus was connected with an aspirator fitted 
with a manometer. 

In carrying out an estimation, the solution was brought to a 
temperature of 20® and the copper oxide heated. The aspirator 
was then set in action and the water collected in a 2-litre graduated 
flask. The volume of air aspirated was in all cases 2 litres, and 
the time occupied in the operation about three hours, the object of 
this slow rate of flow being to insure the complete saturation of 
the air witJi the mixed vapour. In cases where the room tem- 
perature fell .a few degrees below that of the thermostat there was a 
tendency for the vapour to condense in the glass tube leading from 
the saturation bulbs to the furnace ; this was corrected by wanning 
the tube by means of a heated tile. When 2 litres of water had 
collected in the flask, the aspirator tap was closed and air forced 
through the purifying towers into the apparatus so as to restore 
atmospheric pressure, this being detected by the manometer. 
From the weight of carbon dioxide produced, the weight of alcohol 
vapour contained in the air was calculated. The corresponding 
weight of water was obtained by subtracting the weight of water 
produced by the combustion of the alcohol from the total water 
collected in the absorption apparatus. The barometric pressure 
and the room temperature at the time of the experiment were 
noted. 

The partial pressures were calculated in the following manner. 
The weight of alcohol, calculated from the results of the com- 
bustion, divided by 46 gave the number of gram-molecules of 
s-lcohol. This value multiplied by 22,425 gave the number of c.c. 
of alcohol vapour in the air at y,T.P, This volume was designated 
The corresponding value for water vapour, was 
found in the same ’ way. The air volume, Yt^, was obtain^ by 
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reducing the volume aspirated (2 litres) to N.T,P. Then 
have : 

Partial pressure of EtOH _ Vol. of EtOT _ 

Barometric pressure Total vol. Vj;toH + 

The partial pressure of water was found by a similar calculation 
and the results obtained arc given in Table II. 

Table II. 


Partial vapour pressures for aqueous alcohol containing 38 per cent 
of alcohol. 


Solute. 

Moie- 

culai \Vt. of 
cone. EtOH. 

tVt. of 
H.,0. 

V. P. of 
EtOH. 

V. P, of 
HjO. 

Bar. 

press. 

Temp. 

17' 

21 

None 

0-105 

0-0358 

20-0 

17-5 

760 

M 


0-0340 

20-4 

16-9 

757 

Sucrose 

. 0-072 0-112 

0-0296 

21-4 

14-5 

764 

17 

„ 

M It 

0-0301 

21-2 

14-7 

764 

17 

Benzyl alcohol . 

. 0-048 0-0975 

0-0294 

16-6 

14-4 

762 

17 



0-0292 

16-6 

13-7 

761 

15 

Glycerol 

. 0-263 0-108 

0-0335 

20-9 

16-4 

760 

18 

» 

. „ 0-112 

00330 

21-4 

16-2 

763 

18 


Molecular concentration gives the number of gram-moIecxUes of solute Der 
100 grams of solvent. All vapour pressures were determined at 20^. ^ 


The values for water as obtained from the combustions are subject 
to error from the incomplete drying of the copper oxide and also 
from any error in the combustion of the alcohol vapour. In 
addition, the weights of tvater obtained are very small. A further 
series of determinations was carried out in which 4 litres of satur- 
ated air were aspirated over a tube filled with anhydrous copper 
sulphate and calcium oxide packed in alternate layers separated 
by glass wool. The alcohol vapour was not estimated. The 
results, which are in fair agreement with those given by the com- 
bustions, arc recorded in Table III. The same aqueous alcohol 
was used in both series of experiments. 

Table III. 

Molc- 


Solute. 

Xone 

ciilar 

cone. 

Wt. of 
water. 
0-0693 

Bar. 

press. 

749 

Temp, 

16' 

Benzyl alcohol 

0J33 

0-0596 

0-0590 

756 

756 

752 

17 

Sucrose 

0-088 

to 

,, 


U'UOUZ 

0-0554 

747 

742 

in 

16 


The results show fair agreement between the flash-point and com- 
bustion methods, in that the solutes, sucrose and glycerol, whicli 
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lower the flaeh point, raise the vapour pressure of the alcohol, 
benzyl alcohol, which raises the flash point, lowers the alcohol 
vapour pressure. The partial pressure found for water in 38 per 
cent, aqueous alcohol is very close to that for pure water. This 
may errors inherent in the method, but such 

errors should apply equally to all the results, and are not of so 
much importance when considering the results relative to one 

another. 

The eifect of the different solutes may be considered in detail. 
The semi-solute, .sucrose, lowers the vapour pressure of water and 
raises that of alcohol. The effect on water is quite normal, and that 
on alcohol may be explained by assuming that the sucrose mole- 
cules hydrate themselves and thus render some of the water inert 
and as it were, leave the solution rielier in alcohol. The second 
semi'Solute, benzyl alcohol, lowers the vapour pre.ssures of both 
alcohol and water, a somewhat unexpected result, as benzyl alcohol 
is insoluble in pure water. Such behaviour might be designated, 
although not explained, by the term “ induced action.'’ The 
ainplii-solute, glycerol, which is soluble in both components of the 
solvent, is also abnormal, in that, instead of lowering both the 
partial pressures, it lowers only that of water, whilst it raises the 
alcoholic vapour pressure. As in the case of sucrose, this may be 
due to the hydration of the solute molecules, owing to the greater 
attraction between w'ater and glycerol than between glycerol and 
alcohol. 


Stimniarij. 

The term “ semi -solute ” has been used to designate a .substance 
which is soluble in only one component of a mixed binary solvent, 
wliilst “ am phi -solute ” has been used as the corresponding term 
for a substance soluble in both components. 

The effect of the three solutes, sucrose, benzyl alcohol, and 
glycerol, on the partial vapour pre.ssures of 3S per cent, aqueous 
alcohol has been investigated. The semi-solute, sucrose, raises 
the vapour pressure of the alcohol and lowers that of water ; the 
iicrai-solute, benzyl alcohol, lowers the vapour pressure of each 
Goinponent of the solvent; whilst the amphl-solutc, glycerol, be- 
haves like sucrose in that it raises the vapour pressure of the alcohol 
and lowers that of water. Thus the result obtained in each case 
depends on the solute used and could not be predicted from the 
action of the solute on the separate pure components. It may be 
noted, however, that each of tlie semi -solutes louvers the vapour 
pressure of that constituent of tlio solvent in wliich it is soluble in 
Ifiepure state; for example, sucrose lowers the vapour pressure of 
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the water, and benzyl alcohol lowers the vapour pressure of ethyl 
alcohol, although their efiect on the second constituent of the 
solvent differs in the two cases. 

Physical Chemistry Laboratory, 

Glasgow University. [ Received , Juhj l \ th , 1922.] 


CCLXXL— TAe Solubility of the Chhrophenoh. 

By Nevil Vincent Sidgwick and Sydney Leonard Turner. 

The isomeric chlorophenols differ in boiling point by more than 
40°, and preliminary measurements (Sidgwick and Aldous, T., 1921, 
119 , 1011 ) showed that large differences occur also in their critical 
solution temperatures in water. It is therefore evident that, like 
the nitrophenols, they behave abnormally, the position of the 
substituents having a great effect on the vapour pressure and on the 
solubility. In the present paper their solubilities are examined 
in detail. 

Preparation of Materials. —The ortho-compound was prepared by 
a method which was worked out in this laboratory by Mr. J. Back, 
and will shortly be published, by the chlorination of phenol with 
a solution of chlorine in carbon tetrachloride ; it was purified as 
described by Wohlieben [Ber., 1909, 42, 4369). The meta-compound 
was made from m-chloronitrobenzene by reduction and diazo- 
tisation, the latter process being carried out according to the 
directions of Mr. Back, to whom, and to Dr. E. Hope, we are much 
indebted for their kind assistance. The p-chlorophenol was made 
from p-chloroaniUne. The benzene used had been freed from 
thiophen and purified by repeatedly freezing out, It melted at 
0 - 3 °. 

Measurement of Bolabilitij, — This was effected by the usual 
s 3 mLthetic methods, either in glass bulbs (which were scaled for 
the higher temperatures) or, at lower temperatures, in a Beckmann 
apparatus. In many cases it was found convenient to use a 
“ bracketing ’’ method, with two adjustable thermostats, one above 
and the other below the solubility temperature, and to reduce 
the interval between them by successive steps to a fraction of a 
degree, the contents of the tube being always homogeneous in one 
and heterogeneous in the other. m-Chlorophenol in presence of 
water has a remarkable tendency to supersaturation. It was 
almost impossible without inoculation to cause the solid to crystal- 
lise from a mixture containing more than a few units per cent, of 
water; the solution remained homogeneous on cooling until it 









2258 SIDGWICK AND TURNBR 

reached the point at which ice separated We were thus able te 
examine the ice curve unusually iar into the metastable region. i„ 
fact up to 92 per cent, of phenol. If the solution was sown with 
a small crystal of the phenol, it solidified, and the con^pondmg 
point on the stable curve could be got by slow warming. The triple 
Lnts were determined by a separate senes of experiments. 
%he results are given in the following tables.^ The letters follow, 
ing the temperatures denote the phase in equilibrium with the solu- 
= ice, p = solid ohlorophenol, B = solid benzene, L = second 
liquid); metastablc points are marked with an asten^. The 
cLentrations arc expressed in grams of ohlorophenol to 100 grams 
of solution. The values are plotted on Tigs. 1 and 2; in Fig. 1, 
the region in which solid phenol separates is given as an inset on a 
larger scale (the curves for the para-oompound being omitted to 
avoid confusion), in order to illustrate certain points which are 
discussed later. 

Table I. 

Solubilities in Water. 

Ortho. Meta* 

Weight 
per cent. 

0- 73 

1- 25 
1-85 


Weight 
per cent. 
1-56 
244 
3-7t> 
512 
13-58 
16-95 
22-59 
33-00 


Temp. 
- 0 - 20 ° I 
-0-30 i 
+ 82-9 
106-3 
1.59-1 
165-8 
170-7 
1^3-0 
172-9 


5-12 

11-13 

13-.56 

17-84 

32-02 

38-89 


Temp. 
-0-18° i 

-11-2 p 

2-5 p 
85-25 L 


Para 

Weight 
per cent. 


118-0 

123-0 

i2;-5 

130-8 

130-7 


54-95 

170-i L 

46-12 

130-5 L 

60-72 

166-20 L 

55-ti5 

129-1 L 

70-62 

156-6 L 

71-23 

109-8 L 

82-82 

118-9 L 

82-30 

23-1 L 

85-90 

91-5 L 

82-90 

11-8 L 

87-73 

-2-0 1 

84-8 7 

3-2 p 

89-25 

-4-0 i 


-0-9* i 

89-62 

— 50 i 

87-19 

+ 4-5 p 

90-87 

-8-0 i 

88-66 

-4-8* i 

92-20. 

-8-2 p 

90- U 

-8-2* t 

93-93 

— 6-0 p 

91-73 

-13-2* i 

96-79 

— 1-5 p 

92-23 

+ 10-8 p 

98-39 

+ 2-0 p 


-17-0* i 

100 

+ 7-0 p 

95-10 

97-11 

100 

+ 17-0 p 

+ 22-2 p 

+ 32-5 p 

Critical 1 

solution h 

173“ 


130-8“ 

temp. j 

Triple points ; 

ice-Xi 86-5 

0-3“ 

83-4 

_0-4“* 

ice-p-L 91-2 

-9-3 

— 

— 

p-Li-Li — 

— 

82-3 

+ 3-2 



♦ Mctastable point. 


2- 07 

3- 91 
10-66 
20-50 
29-16 
42-57 
53-49 
59-62 
65-05 
69-36 
74-03 

84- 02 

85- 42 

86- 19 
88-92 
02-48 

94- 48 

95- 70 

96- 82 

97- 29 
100 


Temp, 


107- 


86-5 


0-2° i 
+ 65-0 L 
113-8 I 
125-0 L 
128-2 L 
128-7 L 
125-8 L 
122-4 L 
115-5 L 
h 

97-0 I 

35-5 L 

17- 0 L 

5- 5 L 

0-5 p 

6 - 2 p 

11-0 p 

14-2 V 

18- 0 p 

19- 5 p 

41-0 p 


129 0“ 


-0-3“ 
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Table II. 

Solubilities in Benzene. 


Ortlio. Meta. Para. 


Weight 


Weight 


Weiglit 


per cent. 

Temp. 

per cent. 

Temp. 

per cent. 

Temp. 

0-0 


0-0 

S-S" J[? 

0-0 

5-4® B 

3-04 

4-6 B 

4-31 

4-0 B 

2-98 

4-5 B 

%‘i'i 

2-7 B 

7-00 

3-2 B 

10-2.5 

2-4 B 

1549 

0-0 B 

15-32 

0-5 B 

15-10 

1-0 B 

2446 

-3-2 B 

21-40 

-1-4 B 

17-62 

0 2 B 

29-01 

-5-0 B 

26-29 

-2-9 B 

29-14 

-3-2 B 

4.t22 

-11-6 B 

.31-77 

-4-5 B 

35-50 

-5-0 B 

55*54 

-16-5 B 

30-82 

-6-0 B 

38-07 

-5-4 p 

60-68 

-18-8 B 

38-39 

-6-5 n 

39-67 

-3-2 p 

62*50 

-18-5 p 

40-92 

-7-2 B 

45-65 

2-8 p 

63-89 

~ 17-4 p 

41-06 

-7-5* /J 

50- U) 

0-0 p 

64-90 

-16-4 p 

,, 

-5-3 p 

.55-24 

9-6 p 

69-05 

-13-7 V 

43-62 

“ 4-0 j) 

60-54 

12-9 p 

80-32 

— 7-0 p 

44-90 

-Si*B 

68-58 

18-0 p 

84-72 

-3-8 p 

47-78 

— 1-5 p 

73-13 

20-8 p 

90-26 

+0-2 p 

oO-OS 

0-0 p 

80-06 

2.5-8 p 

95-20 

3-6 p 

51-81 

+ 0-0 P 

86-65 

30-5 p 

97-65 

5-6 p 

57-02 

3-4 p 

90-63 

33-6 p 

100 

7-0 p 

04-6.5 

74 p 

95-52 

37-5 p 



7000 

10-7 p 

100 

41-0 p 



75-10 

14-2 p 





83-68 

20-0 p 





89-89 

24-6 p 





96-50 

29-8 p 





100 

32-5 p 



Triple point ; 





01-5 

-19-5'^ 

40-0 


37-5 

-* oo* 


* Metastable point. 


Xomhial Heals of Sohtlion in Benzene , — Tliesc were calculated by 
means of the usual formula 


C = ^ 


'lit 


Oniug to the low melting points of tlie compounds, the solubility 
cl^^^es of the chloroplienols do not extend very far across the 
diagram, and so their heats of solution can be found only for a 
limited range. On, the other hand, tlie solid benzene curves are 
long enough to make it worth wlnie calculating the heats of solution 
of the benzene. It has already been pointed out (Sidgwick and 
Aldoiis, T,, 1921, 119, 1012) that the shape of the parti ahpressure 
curves (and hence of the heat of solution curves) of both components 
of the system may be expected to be influenced in the same way 
hy their degree of mutual solubility in the liquid state ; where 
this is large the heat of solution will remain aj)proximateIy constant, 
and where it is small the heat will show a large increase. The 
values obtained for the chlomphenols in benzene (which are given 
in Tabic III and plotted on Fig. 3} bear out this view. The changes 

4u 2 
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are smaller for the phenol than for the benzene ; but in both cases 
the meta- and para-compounds show a distinctly greater increase 
than the ortho. 

Fig. 3, 

Heats of solution of chlorophenols in benzene and of benzme in chtorophenoU, 
Fiill curves . . CJdoropheAols. Dotted curves . . Benzene, 
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Table III. 

Nominal Heats of Solution in Kgr.-Cals. 


Heat of solution 


mol 5. 

of cliloiophenol. 


of benzene. 


per oent- 

Ortho. 

Meta. 

Fara. 

Ortho. 

Meta. 

Para. 

100 



— 

— 

2-37 

2-37 

2-37 

05 

3- 06 

400 

4(10 

3'00 

3-22 

3-(>2 

85 

:^7^ 

4-01 

4-00 

:t3.5 

4-00 

4- 13 

75 

3-53 

4-00 

4-53 

3’ 73 

4-99 

5-60 

0.5 

4’ 24 

4-70 

4'TO 

410 

— 

— 

5.5 

380 

51 1 

5-33 

5-25 

— 

— 

45 

_ 

644 

4- 80 


— 

_ 

35 

— 

0-98 

__ 

— 

— 

— 


Discussion of Results . — The influence of position on the properties 
of the isomcrio chlorophenols is of considerable interest. The 
phenols in general show the widest range of variation with position. 
The nitrophcnols (T., 1915, 107, 1202 : 1921, 119, 1001) and the 
hydroxybenzoic acids (T., 1921, 119, 979) exhibit greater differ- 
onces among the isomeridcs than have been observed elsewhere; 
the hydroxy-aldehydes, according to experiments performed in 
this laboratory but not yet published, appear to be equally 
abnormal. On the other hand, the effect of chlorine in promoting 
abnormality has hitherto been found to bo extremely small The 
chlorobenzoic acids (T., 1921, 119, 998) are only very slightly 
abnoniial, and so are the chioroanilincs and the chloroacetauilides 
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{ibid., p. 1013). We thus have in the chlorophenols a comparatively 
inefficient substituent in a very sensitive substance. The behaviour 
of the compounds shows that they are distinctly abnormal, both 
in vapour pressure and in solubility. Their boiling points differ 
by no less than 44^ Similar differences are found in the bromo- 
pheiiols and in the chiorocresols, as is shown in the following table, 
in which the chiorocresols are classified according to the relative 
positions of the chlorine and the hydroxy). 



foiling point,'?. 


Clilorophnnol 

Bromophenol 

Ortljo. 

173° 

195 

Meta. 

214° 

237 

Para, 

217° 

238 

Max diff, 
44° 

43 

(OHlCllGHd 1:4:3 

' 1:3:2. 


22.5 

228 

238 1 

1 

1:3:4 

1:2:4 

lOG 


1 

The differences in the critical solution 

temperatures in wafer arc 


considerable and of the u.siial kind, that of the ortho being by far 
the highest, whilst those of the meta and para come close together ; 
they may be compared with those of tlie nitrophenols and the 
hydroxy toluic (and hydroxybenzoi(^) acids, where, howe^Tl■, the 
differences are larger 


Ortho. Alota. Tara. dirf. 

Clilorophenolst 17 .’Mr 129-0" 44 " 

Xlironhonols >200 PS-T 92'H ''-.lOO 

HyL!ro:fyt(ilui(: acids U7 ro, 10 ca 10 " 

(Moan) 


Tnthe heats of solution in benzcite, tlie differences, althoiigh they 
arc of the usual kind, an' much smaller than we should ex]:H‘et. 
Foi the W' and p-ch]oro})herio!s the values rise betwTcn 9.^ and 
55 mols. per cent, only by M and M] kgr.-cah, whilst for tlie nitro- ^ 
phenols the increase.s are (i-S and 9-0, and for the hydro.xybenzoic 
acids U-2 and 12-o kgr.-cal. between the same limits. 

It is to be noticed that the abnormality of this group is more 
marked in those properties which are measured at liigli temperatures 
(hoiling points, critical solution temperatures in water) than in those 
measured at low (solubility in benzene). This is an argument 
against the view that these abnormalities are due to association of 
the meta. and para, com pounds, since association must diminish 
jvitli nse of temperature. Hewitt and Winmill (T„ 1907, 91 , 441 ) 
ound from surface tension measurements that the association 
^ rs of the chlorophenols in tlio neighbourhood of iDO'"' were 
gamely greater than unity (ortho 10, meta Ml, paia 1 > 07 ), and 

/> le behaviour of winch is normal. 



2262 


the SOLtTBILITY OF THE CHLOEOPHENOLS. 

The form of the solubility curves in water in the neighbourhood 
of the region where solid phenol separates (Fig. 1. inset) has several 
points of interest. In the first place, the ortho-compound has its 
eutectic point (ice. solid phenol, solution) on the chlorophenol side 
of the two-Uquid area. In most if not all of the systems previously 
examined, where water forms two liquid layers with an organic 
substance, the eutectic point lies on the water side. The difier. 
ence in this case is no doubt mainly accidental, and is due to the 
low melting point of the substance; but it is worth pointing out. 
The meta-compound has its eutectic as usual on the water side, at 
about — 0-2'' and 0-8 per cent. The stable triple point (two 
liquids and solid phenol) is at + S'd'’. But owing to the strong 
tendency of this phenol to supersaturation it is easy to travel into 
the metastable area along the ice curve until it meets the two-hquid 
area at a metastable triple point (two liquids and ice) at - O'T. 
These two triple points appear on the phenol side of the two-liquid 
area at about 83-5 per cent, of phenol, and from the higher, the stable 
curve solution-solid phenol proceeds upwards to the melting point 
of the latter at 32■^)^ whilst the inetastablc curve goes downwards 
from the metastahle triple point at - 0*4°. The solubility curve 
of a solid always corresponds in form with its isothermal partial 
pressure curve, which becomes flattened in the neighbourhood of 
the point of separation into two liquids. Thus of the two m- 
chlorophenol curves in this figure the upper (solid phenol) corre- 
spends with the form of the vapour-pressure curve of the phenol, 
and the low’er (metastable, ice) to that of water vapour. It will be 
observed that all the solid curves in this region, whether rising or 
falling, are distorted from the normal form in the same way, 
becoming more horizontal as they approach the two- liquid area. 

The two ice curves, that for o- (stable) and that for ?«-chloTO- 
phenol (unstable) run nearly parallel and quite close to one another. 
This enables us to calculate with unusual exactness the pressure of 
water vapour from equivalent solutions of high concentration of 
the two isomerides. At 87-0 per cent, hy \vcight (48-4 mols. pej 
cent, of phenol) the freezing points arc : ortho — 0*9“, meta — 2'4^. 
At 91-0 per cent. (58-6 mols. per cent.) they are : ortho -8*3 , 
meta — 10-6'’. The vapour pressures of water and ice at these 
temperatures are known (Neriist, Abh. Deutsek. phys. Ges., 19hl> 
12 , 565), and so we can find the relative lowering of the vapour 
pressure of water by these quantities of the two isomerides. Tie 
percentage diminution of vapour pressure is 

at 484 mols. per cent. ; ortho 0-86, meta 2'33. 

at 58‘6 mols. per cent. : ortho 7*8, meta 9*8. 
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Xhe corresponding effects in benzene can be calculated from the 
benzene curves, although only at a lower concentration. The 
freezing point of benzene is depressed by the presence of 45*0 grams 
percent. (10*28 mols. per cent.) of the ortho- com pound to — 11*5®, 
of the meta to —8*5®, and of the para (by a slight extrapolation) to 
^ 7*6®. Taking the molecular heat of fusion of benzene to be 2-37 
kgr.-cal.j it follows that the vapour pressure of pure liquid benzene 
iij lowered at this concentration by the ortho compound 24*2 per 
cent., by the meta 18*9, and by the para 20*2. It will be noticed 
that, as usual, the freezing point (and vapour pressure) of the water 
is more depressed by the meta-compound, and that of benzene 
by the ortho. 

DvsoN Perbins Laboratorv, 

Oxford, [Received^ September Alh, 1922.] 


CCLXXIL — The Solubility of the Aldehydohenzoic 
Acids. 

By Nevil Vincent Sidowick and Herbert Cl-Wton. 

The investigation of the physical properties of this group of sub- 
stances is of interest in view of the undoubtedly tautomeric behaviour 
of the ortho-compound. Not only do substitution products of this acid 
give two series of esters, but the relation of the dissociation constant 
of the acid itself to those of analogous acids shows that the free acid is 
largely present in water in an isomeric form (Wegseheider, Sitzungsber. 
Alcad. Wien, 1905, 104, Ilb, 765). We have therefore examined 
the solubility of the three isomerides in water and benzene. Although 
certain peculiarities of these substances prevent a complete investiga- 
tion, the results are worth recording. 

Preparation of Materials . — The o-aldeliydo-acid was prepared by the 
meth^ of Graebe and Triimpy {Ber,, 1898, 31, 369) by the oxidation 
of naphthalene to phthalonic acid,* and the elimination of carbon 
dioxide from the latter by treatment with sodium bisulpliite. The 
yield in the second stage was found to be increased if the bisulphite 
compound before acidification was heated for an hour in an oven at 
120®, instead of being evaporaU’d down on a water-bath as recom- 
mended by Graebe and Triimpy. The meta-acid was prepared by 
several metliods : by the partial oxidation of m-phthalaldehyde with 
bromine water {Simonis, Ber., 1912, 45, 1584), from wntoluidine 

* This acid is remarkable for its great solubility in water as compared 
with organic solvents. At 15^ 100 grams of water will dissolve 115 granur 
of the acid : 100 grams of cblorofonn, only 2 grams. 
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through m-toluonitrile and it8 benzylidene chloride (Iteinglasc, Ber., 
1891 24 2423), and from ?n.-nitrobenzaldehyde through the cyanide. 
The para-acid was made by the direct oxidation of 33 -toluic acid with 
manganese dioxide or with chromic acid. None of these methods was 
found to give a satisfactory yield ; and subsequently all three isomerides 
were prepared with remarkable ease by a method suggested by Dr. W- 
Davies which will be described in detail in another paper. This con- 
sists in’ the chlorination (up to the benzylidene chloride) of the toluoyl 
chloride, and the complete hydrolysis of the product. 

There is considerable uncertainty in the literature as to the melting 
points of all these acids. The ortho is stated to melt at 97^ This 
was found to be the case when it was recrystallised from water, but 
by solution in benzene and precipitation with light petroleum (b. p. 
40— d0°) the melting point was raised to 100-5° (corr.). The meta- 
acid melts according to Reinglass {he. di:) at 164-166°; according 
to Simonis [he. dL) at 175°. We found all pure specimens, however 
made, to melt at 175° (corr.). Reinglass states that the para-acid 
begins to melt at 285°, whilst Low {AnnaUn, 1885, 231 , 366) gives 
the m. p. as 246°, and Simonis as 256°. We found that the high melt- 
ing point was obtained when the acid had been dried in an oven at 
alrout 110° for an hour, but the low one when it had been dried in a 
desiccator at the ordinary temperature. This suggests that the high 
melting point may be caused by atmospheric oxidation to terephthalic 
acid. The acid was therefore separated by extraction with chloro- 
form, and the melting point determined in tubes from which air had 
been exhausted. Under these conditions the substance, whatever 
its method of preparation, melted at 248 — 2i)0° (corr.). 

Dete.rm^uUim of Solubility .— was carried out in the usual 
manner, by enclosing "weighed quantities of the acid and the solvent 
in small tubes, which were then sealed. The stable phase in contact 
with the solution is always the solid; but the ortho-acid, like salicylic 
acid, gives with water a metastable, two-liquid curve, which at its 
nearest point is only 4° below the liquid-^solid curve. In benzene, 
the solubilities could not be measured over the whole range, except 
with the ortho-acid, which offered no difficulties. The meta-acid gave 
satisfactory results at higher concentrations (above 40 per cent.), but 
from more dilute solutions a small quantity of a solid separated, which 
did not dissolve even at the melting point of the acid (175°). At the 
higher concentrations, this substance was no doubt also formed, but 
remained in solution. We were not able to determine the nature of 
this product. It was not isophthalic acid (formed by the oxidation 
of .the aldehyde by the air in the tube), since (1) it was formed to the 
same extent when the tubes were filled with carbon dioxide, and 
(2) it was not produced in the experiments with water, althoiigli 
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phthalie acid is almost insoluble in water. It was not an impurity in 
the original aoid, l^use it was formed, on heating with benzene above 
100°, ftom a sample of the acid which had been dissolved out of a larce 
quantity by benzene at a lower temperature. It must therefore be 
produced by some reaction of the acid, possibly of the nature of a 
benzoin condensation. A quantity of the pure acid was heated with 
benzene at 140° for five hours in an atmosphere of carbon dioxide 
From the product the unchanged acid (which is by far the larger part) 
was removed by extraction with benzene in a Soxhlet apparatus The 
insoluble remainder did not melt at 280°, but it could not be obtained 
in a state pure enough for analysis. 

With the para-acid in benzene, where the solubilities, owing to the 
high melting point, are very small, successive determinations with the 
same tube gave increasing values of the solution temperature, owing 
no doubt, to the occurrence of a similar reaction ; the values given S 
the table are those of the first determination in each case, but not much 
reliance can be placed on them. 

The results are given in Tables I and II, and are plotted in Fig 1 
(S-L solid--liquid equilibrium : L,-L, two liquids, the conSn- 
tiations m both oases being expressed in weights per cent. 

Table I, 


Solubility in Water. 


Ortho. Jleta. 


Weight 

Temp. 

Temp 

per cent. 

S-L. 

L,-L, 

100 

100-5“ 



91-66 

75-0 



87-20 

64-5 



81-50 

58.1 



59-48 

53-2 

39-2“ 

40-83 

51-8 

44-0 

29-20 

49-9 

45-75 

2(1-00 

48-92 

43-3 

9-38 

46-1 

2M 


Weight 

Temp. 

per cent. 

S-L. 

100 

175'0“ 

86-76 

140-0 

81-88 

132-9 

70-72 

121-5 

58-87 

116-6 

49-45 

114-6 

40-28 

113-5 

29-97 

112-3 

19-87 

110-7 

11-22 

107-5 

4-94 

99-7 

Table II. 



Pam. 

Weight Temp, 

per cent. S-L. 
too 250-0“ 

79-40 191-5 

49-50 181-5 

32-46 108.9 

1908 150-9 

10-24 142-3 


Ortho, 

Weight 
per tent. 

100 
81-84 
04-09 
49-50 
35-88 
21-87 
10-16 


Temp. 

100-5“ 

84-0 

77-8 

75-7 

73-9 

72-3 

66-7 


Solubility in Benzene. 




Para. 


Weight 
I)er cent. 

Temp. 

M’eight 
per cent. 

100 

175-0“ 

100 

73-36 

154-5 

2-40 

56-98 

149-9 

141 

43-84 

149-7 

0 96 


Temp. 

250-0“ 

196-0 

131-9 

110-0 


4li* 
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Discumon of BesuUs.—ThB solubility curves show that this group 
of isomerides is undoubtedly abnormal, and also that it has peculiari. 
ties of its own. The behaviour with water is in many ways unusual. 

Fio. 1. 


Solubility oj aldchydobenzoic acids in 
water and benzene. 



OHho — 0— 

Meta • — I — Fun curves — — Water. 

Para — x — Doited curves JSen:enc. 

We find, as we do with the hydroxybenzoic and the hydroxytoluio 
acids (T., 1921, 119 , 979), that the ortho-acid alone is capable of form- 
ing two liquid layers, although only (as with salicylic acid) in the 
metastable region. Flaschner and Rankin {Sitzungsber. Akad. 
Wien, 1909, 118 , Ilb, 695) found in such cases an empirical relation 
between the slope of the curve {dc/dt, the increase in weight per cent, 
at the flattest part of the curvT for 1° rise in temperature) and the 
smallest distance in degrees between the two curves, the product of 
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these two factors being approximately constant. In twelve examples 
of substituted benzoic acids which they quote, this product E only 
varies between 189 and 520, the mean value being 330. o-Aldehydo* 
benzoic acid gives the abnormally low value for E of 76. This may 
be connected with the tautomeric behaviour of the acid, but the uii* 
certainty makes it impossible to use this quantity to calculate the 
critical solution temperatures of the other two acids. The curve for 
the meta-acid is very nearly as flat as that for the ortho, and an attempt 
was made to supercool the solution to the point of separation into two 
liquid layers; but this point could not be reached. The values of 
iJcjdl, the slope of the curve at its flattest, are ; ortho 19, meta 15, 
para 3’4. From the behaviour of other acids of the abnormal type we 
should expect the meta- and para-curves to have a similar and con- 
siderable slope (a small value of dc/rf/), and the ortho to be much 
Hatter; if the acids were normal, all three curves should have about 
the same inclination. 

The heats of solution in benzene were calculated from the solubility 
curves, as far as these go, and gave the following results {Table III). 

Table HI. 


Mean mols. 

Nominal Heats 
Heat in kgr.-cal. 

of Solution in Benzene. 

Heat in kgr.-cal. 
Mean mols. . — 

per cent. 

Ortho. 

Meta. 

per cent. 

Ortho. 

Meta. 

95 

3‘97 

7-05 

45 

32-0 

39w 

85 

5-83 

7-G8 

35 

57-9 

1281 

75 

8-34 

8-68 

25 

74-9 



65 

12-5 

161 

17-5 

62-4 



55 

17-3 

22' 6 

12'5 

32-0 

— 


As we should expect, the increase in the heat of solution is greater 
for the para*acid; but the difference is unusually small, and the 
increase for the ortho-acid is much larger than has been observed for 
any other ortho-substituted benzoic acid in benzene. 

Dysos Perrins La bo ha to by, 

OxFOHD. [licceii^cd, Sej^emher Hh, 1922.] 


CCLXXIIL — The Interaction of Aldehydes or Ketones 
and Thiocarbamides in the Presence of Acids, 
Part IL 

By John Taylor. 

In a previous communication (Dixon and Taylor, T., 1916, 109 , 
12^), it was shown that thiocarbamides combine, in presence of 
acids, with formaldehyde and with acetaldehyde to form ‘ salts.' 

’ 4 II* 2 
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The mechanism of the reaction appears to be a combination of the 
aldehyde with the acid followed by union of this compound with 
the thioearbamide, a ‘salt’ of an ^-substituted thiooarbaraide 
being formed. This salt loses acid on treatment with water, and 
the resulting base undergoes transformation to an A -substituted, 
non-basio derivative. Condensation follows, either simple internal 
condensation or a rather complex condensation between two or 
more molecules. The transformation of S-deriyative to ^-deriv- 
ative is similar to that of compounds of acyl chlondes with thio- 
carbamides (Dixon and Hawthorne, T., 1907, 91 , 1-2). 

The present communication deals with the combination of 
aromatic aldehydes and of acetone and of acetophenone with thio- 
carbamide in presence of acids. Owing to the non-volatility of the 
combining materials and to the uncertainty of complete inter- 
action it was not found practicable, in the majonty of cases, to 
isolate the salts as hydrochlorides, but they were obtained as 


picrates. . 

When thioearbamide hydrochloride remains m contact with the 
aldehyde or the ketone, combination occurs slowl 5 ^ in some cases 
weeks being necessary for even partial combination. In general, 
the products arc soluble in water and the addition of picric acid to 
the solution precipitates the compound as picrate. Ihc reaction 
follows the course outlined below. Acid leaves the thioearbamide 
hydrochloride and combines ^vith the carbonyl group of the 
aldehyde or ketone (see Taylor, T., 1917, 111. 655) ; this new com- 
pound then unites with, thioearbamide in the same way as the 
alkyl esters do : 

HCl HPirr, 




NH, 

nh: 




Interaction between thioearbamide and aldehyde or ketone maj 
also be brought about by adding to the mixture of the components 
hydrogen chloride gas, sulphuric acid, or phosphoryl chloride. As 
before, the compounds may be isolated I'eadily as picrates. 

When the combined acid was withdrawn from the compounds 
with the aldehydes, non- basic condensation products were formed, 
somewhat similar to those produced with acetaldehyde; the 
aldehyde residue, being acidic in character, migrates from sulphur 
to nitrogen : 




■OH 


^y2>C-S'CHR-OH 


NH, 

OH-CHR-NH 


»>c:s. 
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When ftcid was withdrawn from the compound with acetone, an 
easily decomposable basic product was left, from which a picratc, 
(.jjjiiiar to that obtained from the original material, may be 
obtained. The formation of mercaptoid decomposition products 
shows that the acetone residue remains attached to sulphur. The 
ketone residue, being less acidic than the aldehyde residue, behaves 
like an alkyl group ; 


- — 




NH^ 




Experimental. 

Tkiocarbamide and Benzaldehyde . — The solid obtained by keeping 
a mixture of equal weights of thiocarbamide hydrochloride and 
freshly distilled benzaldehyde was extracted, after two days, with 
water, in which it was only partly soluble. Picric acid gave wnth 
the filtrate a viscous picrate which, after cry.stallisation from 
alcohol, melted at 144 — 146®. Thi.s was an impure product, tlie 
percentage of sulphur being about 5-4 (thioearbamklc-benzaldehyde 
picrate, requires S - 7-78 per cent.). 

The portion of the product sparingly soluble in cold water appears 
to be formed by conden.sation of benzaldehydc w’ith tliiocarbamide. 
After recrystallisation from hot w’ater or from alcohol, it decom- 
posed at 176—177° (Found ; S — 19*7. The condensation product, 
requires S~ 19*0 per cent.). The condensed material showed 
no sign of recombining wdth acid, hence it was no longer an S'-sub- 
stituted derivative. Its comparatively low melting point suggests 
that the molecule is simple. A similar result ensued wluui a mixture 
of benzaldehydc and thiocarbamide was attacked by phosphoryl 
chloride, a pure picrate not being obtained. Sulphuric acid is a 
slow combining reagent. When a mixture of the components, 
which had been kept for four days, w'as extracted with ether, the 
residue proved to be thiocarbamide sulphate. 

Thiomrhamide, and Salinjlaldehydc . — Thiocarbamide hydrochloride 
and salicylaidchyde combine exceedingly slowly and imperfectly, 
but after four months the mixture almost entirely dissolved in 
water. The solution yielded a picrate easily soluble in alcohol 
but insoluble in \vatcr. Pho.sphoryl cliloride effected a consider- 
able amount of combination in two days. When the mixture was 
treated with Avater, part dissolved leaving a re.sidue of fiocculent 
solid and pasty material, and from the solution a picrate w-as 
obtained, which, after crystallisation from alcohol, decomposed 
at ISC—ICS® (Found : S 7d» Thioearbamido-sallcylaldehyde 
picrate, Ci^Hi 30 BN 5 S, requires 8 — 7*5.per cent.). 



2270 taylok: the ratmCTioN oj aldehydes oe ketouss ato 

The pasty material, on eontinued treatment with water gr^ually 
hardened to form the fiocculent solid already meidmne . Tins « 

A simple con ^ ^ ^ condensation of thio- 

larhLide* (1 mol) with salicylaldehyde (2 mols.), CiiiH„OjN 2 ,S 
rr«h“ S 1 10-6 per cent.]. Its reluctance to fusion-it does not 
S when heated to 20o»-is compatible with the more eomple. 

'' iranalogous compound was obtained froin thiocarbamide and 

acetaldehyde {Dixon and Taylor, he. cd., jn -J ). ^ 

nLLnide a,ul CinmntaUehydc.^On mixing equ^lent 
qualties of thiocarbamide hydrochloride and omnamaldehyde, 
Tt was developed, and after three or four days an impure, viscous, 
17Z additive product obtained. Addition of an alcoholic solu- 
ion of picric arid to the substance, dissolved in alcoho , gave a 
eistaluL picrate, which, after recrystallisation from hot alcohol, 
m^Ld at isr (Found : S = 7-48. Thi^arbamide-cinnamaldehyde 
• r TT 0 TC S refluires S = 7*32 per cent.). 
’"‘TLiaSidc^innamldehyde sulphate was obtained more 
Jdilv To a mixture of thiocarbamide and a slight excess o 
^Lldchyde was added concentrated sulphunc acid (1 equiv.) 
■Z continual stirring, when the whole mass became solid. Ou 
Toiling with alcohol, the sulphate, which was sparingly soluble, 
L left as a white, apparently amorphous powder. It is sparing 
soluble in cold water, the solution being neutral and afforihng the 
usual reactions of sulphates. Boiling 

pound to some extent, liberating cinnamaldehyde. Addition o 
Lric acid to either aqueous or aieohohe solutions gave he 
Le picrate as before. The sulphate decomposed at 171-173 
[Found : S = 18*6. TMocarbamide-cmnamaldehyde sulphate, 

TT ON S')^H»SOa, requires S = 18*6 per cent.]. 

^Wheii the L’lphate is triturated with ammonia, a cream-coloutd 
base is formed which, after being washed with water, decompo^ 

at 122“ (Found: S = 15-1. Thiocarbamide-cinnamaldehyde 

C H, ON,S, requires S = 15-3 per cent.). The base dissolved 
readily in alcohol, and its solution gave the same picrate (mixed 
melting-point method) as that obtained from the ^ 

formation of the simple basic additive compound “ 

iion-basic condensation product was unexpected, /f^r mping 
for a week, no marked change was perceptible. A slowly « 
formable, basic aldehyde additive compound of thiMarbami e 
previously been prepared from thiocarbamide hydrochloride 
an alcoholic solution of acetaldehyde (Dixon and Taylor, toe. •< 
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1252). This lost its basic properties within a week. The new 
competing appears to be quite stable. Its basic properties show 
that it remains an AS-derivative of thiocarbamide, 

NH2-C(:NH)-S*CH(OH)-CH:CH-CeH5. 
ffiiocarbamide and Acetone. — ^Thiocarbamide hydrochloride and 
acetone combine very slowly. If dry acetone be used, scarcely any 
sign of combination, as shown by the formation of a picrate, will 
he evident after ten days, but with moLst acetone thrive days are 
sufficient for, interaction to be detected. When hydrogen chloride 
is passed into a solution of thiocarbamide in acetone, a copious 
precipitate of thiocarbamide hydrochloride is obtained. The 
jnotherdiquors, after keeping for three or four days, yield a good 
cjop of thiocarbamide -acetone picrate. Thiocarbamide hydro- 
chloride, kept in contact with acetone for three months^ slowly 
changes. At first it dissolves, then, as the acetone slowly evaporates, 
hexagonal plates separate from solution. These melt at 191—192^, 
with previous softening, and are readily soluble in water, giving a 
neutral solution from which is obtainable the same picrate as 
before. 

Phosphoryl chloride or phosphorus trichloride much more quickly 
brings about combination between thiocarbamide and acetone. 
The addition of phosphoryl chloride to mixtures which had given 
no picrate after three days caused the formation of picrate after 
four or five hours. This picrate was free from phosphorus and was 
identical with the picrates obtained from the other sources. After 
three or four recrystallisations from alcohol, it decomposed at 
193—194° (Found : S — 8’37 ; N — 19*31. Thiocarbaraide-acetone 
picrate, CijjH^OgNjS, requires S = 8'8l ; N — 19*28 per cent.). 
Distilled mth aqueous sodium hydroxide, the picrate yielded a 
distillate having the odour of acetone and responding to Reynolds’s 
test (2. anal. Chem., 1885, 24, 147) and to Egeiing’s nitropruaside 
test for acetone {Chem. Zeiitr., 1894, ii, 457). 

An interesting isomeride of this picrate was obtained from a 
mixture of thiocarbamide hydrochloride with little more than its 
equivalent of acetone which had been kept in a sealed vessel for 
about two years. This picrate was scarcely soluble in alcohol 
and melted at 149 — 151° (Found ; S — 8'61 ; N = 18*90 per cent.). 
The two picrates thus differ sharply. 

An attempt to obtain the free base w*as only jMirtly successful. 
Thiocarbamide, acetone, and phosphoryl chloride w-ere kept 
together for three days, water was then added, and sodium car* 
bonate until the liquid was alkaline. A slight oily precipitate 
was filtered off, the clear liquid allowed to evaporate to diyness, 
tbe residue extracted with chloroform, and the solvent evaporated, 
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when a clear, gummy residue was obtained. This, being very unstable 
was not analysed. That it was an tS’-derivative of thiocarbamide 
was shown by its yielding substances with mercaptoid odours and 
by its solution in dilute hydrochloric acid giving the same picrate 
as that already obtained from other preparations. Thus the acetone 
residue does not migrate to the nitrogen atom when the acid ig 
removed. 

PhenyUMocarbamide arid Acetone. — A solution of phenylthio- 
carbamide in acetone was saturated with hydrogen chloride, and 
after twelve hours water was added until oil appeared. This was 
filtered off and portions of the filtrate were treated with aqueous 
and with alcoholic solutions of picric acid. The picrates thus 
obtained were apparently identical and sparingly soluble in alcohol 
After thorough extraction with alcohol, the picrate melted at 
190-191° (Found : S = 6-71 ; N = U-72. Phenylthiocarbamide- 
acetone picrate, C^jHi^OgNgS, requires S = 7-29; N — 15-9 per 
cent.). 

Thiocarbamide and Acetophenone . — To an excess of acetophenone 
thiocarbamide was added, phosphoryl chloride was nm into the 
mixture until reaction was no longer apparent, and the mixture 
was heated for about ten minutes on a water-bath. The resulting 
mixture of paste and liquid was filtered, the paste dissolved in 
just sufficient alcohol, and ether added. The precipitated salt 
was washed with ether and dissolved in alcohol, and from the 
solution the picrate w^as precipitated by the addition of alcoholic 
picric acid, followed by water. An emulsion was first formed 
which presently solidified. After crystallisation from alcohol, the 
picrate melted at 168 — 174°, the temperature of fusion depending 
on the rate of heating (Found : S ^ 7-64. Thioearbamide-aceto- 
phenone picrate, CisHijOgNgS, requires S = 7*52 per cent.). 

The Chemistry Department, 

Univehsity College, Cork. [Received, August U, 1922 .] 


CCLXXIV . — Iniermetallic Actions. The System 

Almninium- Arsenic. 

By Qasim Ali Mansurt. 

action of arsenic on aluminium appears to be mentioned only 
in Compt. rend., 1900, 130, 1391, where it is stated that arsenic 
combines with aluminium at high temperatures, but nothing is 
recorded about the exact nature of the compounds. To throv 
further light on this problem, it was therefore considered necessary 
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^ make a complete investigation of this system. Aluminium of 
99'6 per cent, purity, as determined by the hydrogen method, and 
resublimed arsenic were used. 

Experimental. 

preliminary IFor^.— The chief experimental difficulty met with 
was due to the volatile nature of arsenic. Attempts were therefore 
made to prepare the alloys in sealed glass tubes, under a seal of 
molten potassium sulphate (in which the crucible containing a 
mixture of aluminium and arsenic was dipped, and the sulphate 
was allowed to freeze on top of it to form a seal), and by blowing 
or passing arsenic vapour through or over molten aluminium heated 
at a high temperature. 

It was noticed that no action takes place betw'cen arsenic and 
aluminium up to about 600®. Even at about 750® the metals do 
not react with each other if the pressure of arsenic vapour is too 
high (about one atmosphere). At low^ pressure and high tem- 
perature, probably yellow arsenic is formed, and it is this which 
reacts with aluminium. At about 800® and at low pressure, this 
action is more marked, the yellow arsenic fonning a brown com- 
pound, AljAsg, with aluminium w'hieh does not melt at that 
temperature nor dissolve in molten aluminium. At atmospheric 
pressure, this action takes place at about 000 ®, with the same 
result. 

The view that it is yellow arsenic which reacts chemically with 
aluminium, and not the black variety, is supported by the fact that 
whilst, in the favourable circumstances mentioned above, no black 
arsenic was left, there was always a little yellow coating in 
the upper part of the tubes. Again, the product of the dissociation 
of the compound is yellow arsenic. The inner surfaces of the 
stoppered bottles in which the alloys were stored were always 
found covered with a deposit of yellow arsenic, which turned to 
the brown variety after exposure to light for some time. The 
brown compound is stable at high temperatures, for when freshly 
formed it does not give off arsenic vapour even at 1000 ®, but when 
it is cooled and kept for some time and heated again, it begins to 
evolve arsenic vapour at about 500®. Also, when freshly prepared, 
the compound dissolves almost completely in dilute hydrochloric 
s.cid, but after keeping for some time at room temperature, it 
becomes darker, and on treatment with dilute hydrochloric acid 
there is always a black residue of almost pure arsenic. These facts 
show that the compound is stable at high temperatures, but breaks 
up at low temperatures. 

^yskmtk hmMiyation of ike After the preliminary 



2274 MANSURI : intermktallic actions. 

Oteervations, mentioned above, for the detemination of the 
iMus at the aluminium end of the equdibnmn d. jam, it iva, 
neceseary to heat the brown compound isolated, with Jmiiuum 
Ta very high temperature out of contact with oir, as at low tern- 
peratures the solid compound separated out from molten alumi 
Lost completely. It is possible that at very high tem jat js 
L compound may melt and may then be miscible with molten 
aluminium, but this suggestion could not be t Jed owing to lack 
of suitable heating apparatus. Howevj, to t Jw b je „„ 
this iioint, work was started in sealed h J-glass tubes 

rLml Analym.-A. hard-glass tubes bee jc porous to arsmio 
vapour at about 650°, a platinum couple could not be used. After 
testing several base-metal couples, the aut Jr found a couple 
made of two chrome-nickel wires of different compisitions most 
suitable for working with arsenic alloys as it wj riot easily con- 
taminated with arsenic and could be used sati Jotonly up to about 
1100° The tw'O wires {No. 25 B.S.G.), contammg different per- 
centages of chromium, formed a couple about twice as sensitive as 
a platinum-rhodium couple. Two chrome-nickels differing even 
more in composition should form a still more sensitive cjple 

Close contact of the hot junction of the couple with the outsij 
of the glass tubes in which the alloys were prepared was m Je by 
means of purimachos cement. Used in this way, the couple was 
quite sensitive, and all thermal changes in the alloys could be 

easily detected. i i r ai... 

As the alloys were heated by means of a gas tube-fumace, the 
heating could not be made very regular and therefore the heating 
curves of the alloys could not be obtained. 

The cooling curves were obtained by means of a water-drop 
curve tracer. In this arrangement, a suspended mirror-galvano- 
meter throws a spot of light on a glass screen, which is moved 
vertically by means of a simple water- dropping arrangemen . 
The spot of light moves horizontally as the temperature changes, 
and thus a curve is traced, by means of a soft pencil, on a paper 
mounted on the glass screen. A milli voltmeter was arrange m 
series with the galvanometer, so that when a break occurred on a 
curve on the tracer, a reading corresponding with it could be taken 
on the millivoltmeter. The couple was calibrated by means of tm, 
lead, zinc, aluminium, commercial antimony, m. p. 622 , le'O, 

and copper. . 

Cooling curves of the alloys were traced from about 750 . AW 
containing up to 5 per cent, of arsenic melted satisfactorily, ^ ^ 
when 7 per cent, of arsenic had been added, the pieces of aluminii^ 
did not fuse together, but remained separate, and were coated wi 
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the brown compound ; nevertheless, a thermal airest occurred at 
freezing point of aluminium. It seems that in these alloys 
the brown compound forms a strong and hard envelope round the 
aluminium which holds molten aluminium within it and does not 
allow it to run together even although the tubes are well shaken 
In alloys containing up to 10 per cent, of arsenic no thermal 
arrest could be detected at the higher temperatures, The only 
thermal arrest observed was at the freezing point of aluminium 
and therefore the determination of the liquidus had to be 

postponed. 

In order to find the composition of the compound thermally, 
13 grams of aluminium turning, s and 1-5 grams of arsenic were 
heated at 750“ in a scaled, evacuated (about 15 mm. pressure) 
hard 'glass tube. (It was noticed in preliminary work that in a 
glass tube about 6 inches in length and half an inch in diameter 
about 2 grams only of arsenic could be converted at one time to 
yellow arsenic, under the experimental conditions, and made to 
combine mih aluminium.) The aluminium turnings, thus coated 
with the compound, were again mixed with 1*5 grams of arsenic 
and again heated in another glass tube to the same temperature. 
In this way, the compound could be gradually prepared. Each 
time a cooling curve was also taken. The only thermal arrest 
observed in all these cases was at the freezing point of aluminium, 
and this became smaller and smaller, in accordance with and 
proportional to the eutectic times law, until, with the alloy con- 
taining about 64 per cent, of arsenic, it could no longer be detected. 

An attempt was next made to prepare alloys containing higher 
percentages of arsenic in the same way by the gradual addition 
of arsenic to the compound, but without success; arsenic separated 
m the upper part, of the glass tube, and the bro^ni compound 
remained in the lower part. This result showed that the com- 
pound did not alloy even with arsenic and that no other compound 
0 a higher composition was formed. Had the broum compound 
alloyed with arsenic and formed a eutectic, a thermal arrest should 
nave been observed at some temperature up to 7,70“. 

When aluminium turnings were heated at about 900“ with 
arsenic vapour in an atmosphere of nitrogen, an alloy containing 
most about 69 per cent, of arsenic was formed. This alloy also 
flidnot melt and appeared similar to the brown compound prepared 
oy tne other methods. ^ 

estimiitp^^* arsenic in alloys rich in aluminium was 

^timated iodometncally by Hefti’s metl.od (“ Analjtical Chemis- 
\ Treadwell and Hall, 1905, 11 , p. 214). 
ite bolution of alumininm chloride having been filtered to remove 
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the small residue of silica, the aluminium in the filtrate was estimated 

«««, » — “f "» "-po-i 

up on keeping at low temperatures, and the Wack arsenic formed 
is not attacked by dilute hydrochloric acid. The arsenic in these 
alloys was therefore first converted to arsenic acid and then estimated 

by Williamson’s method. 

For the estimation of aluminium, 100 c.c. of the solution remaining 
after the estimation of arsenic were filtered so boiled with con- 
centrated hydrochloric aeid and potassium bromide as to ensure 
removal of arsenic, and the aluminium was then estimated gravi- 

metrically as above. u j v i 

These methods gave good results, as is shown by the duplicates 

recorded below : e x av n 

(a) Filings obtained from the outer surface of the alloy con- 

taking 5 «nt. of arsenic : Found, A1 - 01-74; As = 7-85; 

SiO, = 0‘27 per cent. 

ib) Filings obtained from tlie same alloy after filing off about 
1 mm. of tlie outer .suiface : Found, A1 ^ 99-29 ; As = 0*31 ; 
SiOg -= 0-22 per cent. 

Ic) Alloy containing 7-5 per cent, of arsenic, after filing off the 
outer surface: Found, A1 ^ 98-95 ; As-0'58; SiO^ - 0-19 jicr 

{d) Alloy heated with the compound in the oxy-hydrogen flame; 
after filing off the outer surface : Found, AI - 98-01 ; As -= Ml; 
SiOo = 0-29 per cent. 

(e) The compound AI 3 AS 2 as prepared in glass tubes, after 
powdering and passing through a 120 -niesh sieve : Found, Al - 
34*81, 34*93; As G4*57, 04-39; SiO. - 1-2, 0*9 (theoretically, 
As ~ 64*88 per cent.). 

(/) The same alloy, without powdering: Found, Al = 35‘00; 
As = 63*64; Si 02 = 1*03 per cent. 

(j) The compound Al^Asg as prepared by submitting aluminium 
filings to the action of arsenic vapour in an atmosphere of nitrogen 
at about 900"": Found, Al — 31*21, 30-74; As = 69*00, 69-17; 


SiOg = 0-23, 0-21 per cent. 

Micrographic Analysis.— As the compound AlgAsg did not melt 
at the temperature of the experiments, it was simply mixed with 
aluminium in all the alloys anil was in an amorphous, powdery 
condition. Such heterogen eou.s alloys were very difficult to polish 
and even on polishing they did not show any uniform and regular 
structure except where the compound had been acted upon h\ 
moisture and decomposed, making a few blow- holes. No successful 
pbotomicrographs of the alloys could therefore be taken. 
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Conclusion-'s. 

1 _ Aluminium and arsenic combine to form the compound 
Al 3 As 2 ^^® shown by thermal and chemical analysis. The action 
commences at about 750® and a low pressure, where yellow arsenic 
is formed and acts upon the aluminium. 

2. The compound AI 3 AS 2 is stable at high temperatures, but 
begins to break up at lower temperatures. When the compound 
breaks up, yellow arsenic is first formed, 

3 . The compound AI^Asg is a brown, amorphous powder which 
looks like iron rust and does not melt up to the temperature of 
fusion of silica (about 1600°). 

4. It is very reactive and evolves arsenic trihydride freely 
when exposed to moisture. For this reason, the alloys were always 
stored in stoppered bottles, and all polishing, etc., was done in 
fume chambers. 

5 . When heated in air, the compound oxidises to alumina and 
arsenious oxide. 

6 . The solid compound docs not seem to dissolve in molten 
aluminium to any appreciable extent, but separates from it almost 
completely at its freezing point, nor does it alloy with arsenic to 
form a eutectic. The equilibrium diagram of the system is 
probably like that of the system aluminium antimony investigated 
by Taramunn {Z, anorg. Ckein., llKIfi, 48, 53). It attains an 
abnonnal or a flat (showing irn miscibility) maximum at very high 
temperature and has for its solidus the Jiorizontals corresponding to 
the melting points of aluminium and arsenic, respectively. 

7. It is interesting to note that most of the comixtunds of arsenic 
with other metals are also of the typo M 3 As«, a.s, for example, 
CdjAsg {Z. MefaU., 1913, 4, 228), HgjAs, (drcA.>^arwr., 1899, 237, 
I26),Sn3As2((?fl22c«flr, 1912, 42, I, 274; Aiti R. Accad. Lincu, 1911, 
[vi], 20, 593), Fe 3 As 2 {MdaUiirgie, 1907, 4, 131), Zn 3 As 2 {Z. anorg. 
Ckem., 1921, 118 , 264), Mn 3 As 2 {Metallurgir, 1911, 8 , 727), CogAsg 
{ibid., 1908, 5, 150), Ni 3 As 2 {ibid., 1907, 4, 207), and Mg 3 As 2 (com- 
pound obtained by Parkinson in 1867). 

The author is very much indebted to ^Ir. C. T. Heycock for his 
valuable advice and sympathetic guidance throughout the work. 

Goldsmiths' Reseakoh Laboratory, 

The University, Cambridge. : AVcrircrf, June 'Srd, 1922.J 
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CCLXXV — TAe Reversibility of the Reaction between 
Nitrogen, Carbon, and Sodium Carbonate. 

By Christopher K.elk Ingold and Daniel Wilson. 

At temperatures above 850° (the m. p. of sodium carbonate), the 
system Ng + 4C + NagCOg == SCO + 2NaCN has three phases, 
— a gaseous phase consisting principally of nitrogen and carboa 
monoxide; a liquid phase, chiefly composed of sodium carbonate 
and sodium cyanide; and solid carbon. It follows that, for a 
given temperature and pressure, the composition of the gaseous 
phase will determine that of the liquid phase, and vice versa. 
Further, since the heat of the reaction is — 238,000 cals., the 
relationship between the compositions of the liquid and gaseoua 
phases must change rapidly with changing temperature; and, 
since the reaction is accompanied by a large change in volume, 
pressure must also have a marked effect. 

The law of mass action, when applied to the gaseoua phase of 
the reaction under consideration, gives, for a constant temperature 
the relation 

[NaCNf[C0? 

[Na,C 03 ][CHNj 2 ^ W 

This admits of reduction to a form in which the variables are capable 
of direct measurement if certain suppositions be made, of wliich 
the following are the most important : 

(i) That the gas laws can be applied to the vapovirs of carbon, 
sodium carbonate, and sodium cyanide at the temperatures 
employed. 

(ii) That the (partial) vapour pressures of sodium carbonate and 
sodium cyanide in the space above the mixed liquids are linear 
functions of the molecular concentrations of each in the liquid 
phase. 

(hi) That the vapour pre.ssures of carbon, sodium carbonate, 
and sodium cyanide are negligible in comparison with the total 
pressure. 

The truth of the third supposition, has been verified by direct 
experiment. Sodium cyanide is by far the most volatile of the 
three substances, but its vapour pressure at the temperatures 
employed is sufficiently small to guarantee the truth both of the 
first and third assumptions to an approximation of about 1 per 
cent. The second assumption is an application of a general rule, 
which usually holds fairly accurately for mixtures of non-associated 
liquids, and has been verified as regards sodium cyanide in mixtures 
of sodium cyanide and sodium carbonate by a direct determination | 
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0 f the total pressure curve. This is a straight line passing through 
(jie sodium carbonate origin. 

Equation (i) becomes 

(1 — pf 


\-x 




(ii) 


where x is the proportion of the combined sodium which is present 
in the liquid phase os sodium cyanide (that is, the yield of sodium 
cyanide reckoned as a fraction of the theoretical), and p is the 
partial pressure of nitrogen calculated as a fraction of the total 
pressure of nitrogen and carbon monoxide, wliich is supposed for 
the present to be always the same, namely, one atmosphere, K* 
is a derived constant : 


K ~ K . pxojCO, - 

where pNa,co,> VOy and pjfaCN are the saturated vapour pressures of 
pure sodium carbonate, pure carbon, and pure sodium cyanide at 
the temperature to which equations (i) and (ii) apply. Hence 

Iog< == logj K -h log* pxxco, + 4 log* pc — 2 log* pKaCX. 

For different temperatures within an interval which is not too 
great in comparison with the absolute temperature, the heat of 
the reaction, and the latent heats of vaporisation of sodium carbon- 
ate, carbon, and sodium cyanide may be treated as constants, so 
that each of the four terms on the right-hand side of the last equation 
should vary linearly with the reciprocal of the absolute temperature. 
This follows from the integration of the reaction isochore and the 
vapour pressure equation of Clausius and Clapeyron. Hence, by 
addition of the terms, 


log* K' ^ a -f- h/T, 
and, combining with equation (ii), 



P J 


(iii) 


where a and ^ are constants, wliich have to be determined by 
experiment. Equation (iii) should therefore represent the experi- 
mental results to a degree of approximation of the order of 1 per 
cent, in x or p, wliich is equivalent to about 2 ® in T. This is 
approximately the degree of accuracy of the measurements them- 
«^lves {vide experimental part). The form of the function repre- 
sented by equation (iii) is shown by the curves in tlie diagram, on 
which X is plotted against p for the three temperatures 850^, 900°, 
and 9o0°. 

The equilibrium in question has been examined by Ferguson and 
Manning [J . In4, Chem,, 1919, 11, 940), whoso results, expressed 
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in isothermals connecting the compositions oi ihe gaseous and 
liquid phases, are in marked conflict with the requirements of the 
theoretical formula (equation iii), a fact which seems to have escaped 
the notice of the authors. Nevertheless, the disagreement ig 
immediately evident from the form of their curves, which differ 
markedly from those in the accompanying diagram. Equation 
(iii), however, correctly represents the results recorded in this 
paper, and there can be little doubt that the principal error affecting 
Ferguson and Manning’s determinations arises from the volatility 


Fig. 1. 



of sodium cyanide, a considerable proportion of which must have 
escaped from the reaction mixture under the conditions they 
employed. 

The values of the fundamental constants are found to be a - 
23-91, p = ~ 31180. From these numbers, the following table of 
values of 100a; has been calculated for temperatures within the 
experimental range. Excepting in the immediate neighbourhood 
of the limits of the system, intermediate values may be obtained 
by linear interpolation, although the last ligure mil not invariably 
have its full significance. In interpreting the table it is to be 
remembered that p is the partial pressure of nitrogen when the 
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combined pressures of nitrogen and carbon monoxide amount to 
one atmosphere. The total pressure, however,^ will be a little 
more than one atmosphere owing to the formation of carbon dioxide 
by the reversible reaction, 2CO = CO 3 -f C. It follows, also, that 
if a mixture containing p' per cent, of nitrogen and 100 — p' per cent, 
of carbon monoxide be admitted to the reaction mixture, p will 
be a little greater than p'/lOO, because (a) a certain amount of 
carbon monoxide will be destroyed, the proportion depending both 
on its temperature and partial pressure, (b) this reaction involves a 
diminution in volume. The calculation of p from p' can easily 
be made with the aid of Rhead and Wheeler’s data for the equi- 
librium, 200 = 002 + 0 (T., 1911, 99, 1140). The diSerences 
between p and p'/lOO are for the most part less than 2 per cent. 
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18-7 

23-4 

50-0 

2-2 

3-1 

4-0 

5 3 

6-7 

8-0 

11-1 

14-0 

17-7 

22-2 

2;-6 

55-0 

2-7 

3-8 

4-9 

6-4 

8-1 

10-5 

13-4 

16-7 

20-9 

26'3 

32-4 

60-0 

3-5 

4-7 

6-1 

7-9 

10-2 

13-1 

16-5 

20-7 

25-8 

31-8 

38-7 

65-0 

4-6 

6-0 

7-8 

10-0 

13-0 

10-3 

20-5 

25-5 

31-4 

38-4 

46-3 

70-0 

5-8 

7-6 

9-8 

12-8 

10-4 

21-0 

26-0 

32-2 

39-2 

47-0 

.55-7 

75-0 

8-0 

10-4 

13-4 

170 

21-5 

27-3 

33-6 

40-9 

48-7 

57-4 

60-1 

80-0 

11-4 

14-5 

18-4 

23-7 

29-4 

30-4 

44-0 

52' 4 

60-8 

09-5 

77-3 

85-0 

17-1 

22-1 

27-6 

34-9 

41-8 

50-1 

58-8 

07-4 

76-0 

83-2 

88-5 

JH )-0 

29-8 

37-4 

45-3 

,')4-7 

63-4 

72-0 

80-0 

86-0 

90-2 

93-7 

90-0 

95-0 

G 3-6 

71-8 

79-5 

80-5 

910 

94-3 

96-6 

980 

98-7 

99.3 

99-5 

98-0 

97-2 

97-8 

98-2 

98-7 

99-2 

99-6 

99-8 

99-8 

100-0 

1000 

100-0 

99-0 

99-4 

99-6 

99-7 

99-8 

1000 

100-0 

1000 

1000 

100-0 

1000 

1000 

n-ii 

99-5 

99-9 

100-0 

100-0 

100-0 

100-0 

1000 

100-0 

100-0 

1000 

1000 


In view of the general agreement of the experimental results 
with the requirements of the law of mass action, there can be 
little doubt that the complete equation 



V 


(jr stands for the total pressure of nitrogen and carbon monoxide) 
represents the behaviour of the system under discussion over a 
range of variables, despite the fact that the applicability of 
mia equation has not yet been verified experimentally for different 
total (as distinguished from different partial) pressures. 
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Experimental, 

The general plan of these experiments consisted in passing ^ 
mixture of carbon monoxide and nitrogen of known composition 
over a boat containing weighed quantities either of sodium carbonate 
and carbon, or of sodium cyanide, together with a catalyst (iron) 
the total pressure of the gas, aud the temperature of the boat and 
its contents, being known and constant. The composition of the 
equilibrated liquid phase was then determined by rapidly coolina 
and analysing the product in the boat. 

A. — Materials. 

Nitrogen and Carbon Monoxide , — ^Nitrogen taken from a cylinder 
and carbon monoxide prepared from sodium formate and sulphurio 
acid were mixed over water in the required proportions, and freed 
from traces of carbon dioxide, oxygen, and water vapour by pas.sage 
through sodium hydroxide, alkaline pyrogallate, and sulphuric acid 
before sampling for analysis, and admitting to the reaction tube. 

Sodium Carbonate, Carbon, and Iron , — The usual procedure was 
to approach the equilibrium from both sides. When sodium 
carbonate and carbon were tlic starting materials, the iron was 
introduced iu tlie form of ferric oxide, whicdi quickly became 
reduced to metallic iron by the carbon monoxide in the gaseous 
mixture. The suitability of these materials was eontr oiled by 
replacing ferric oxide l)y ferric acetate, and by complete analyses 
of the final products. It was thus proved that the formation of 
cyanates was inappreciable, although the a{iueous lixiviate was 
frequently contaminated with traces of sodium hydroxide. These 
were of the order of 1 per cent, of the total alkali, ami appeared to 
he roughly proportional to the oxygen introd\ieed in combination 
with iron. 

Sodium Cyanide and Iron . — When sodium cyanide was to be the 
starting point, the material actually used was sodium ferrocyanide, 
which decomposed quantitatively, at the temperature employed, 
into sodium cyanide, iron, carbon, and nitrogen, the iron being in 
a very active condition. Tlie lixiviates from those experiment!) 
contained no trace either of sodium cyanato or of sodium hydroxide. 
Experiments with 98 per cent, sodium cyanide and iron, added in 
the form of oxide, yielde<l the usual small amount of sodiniB 
hydroxide on lixiviation togetiier with detectable quantities of 
cyanatc. These materials were therefore rejected in favour of 
sodium ferrocyanide. 

B.— Apparatus, 

Furrmce , — Heating was accomplished by means of a Hareas 
tube ftimace consisting of a platinum ribbon wound on an unglS'Zcd 
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porcelain tube of 3 cm. bore and bedded in well-burnt magnesia. 
The winding was spaced in suck a way as to give a constant tem- 
perature over a distance of about 8 cm, in the centre of the tube. 
The insulation (asbestos) was such that a current of 3-2 amperes 
maintained a steady temperature of i)00® at the centre, the resist- 
ance of the ribbon at this temperature being 24 ohms. A current 
of 5 amperes raised this temperature from 500“ to 900“ in fourteen 
minutes. 

Reaction Tube . — This was of glazed porcelain, was lined with 
thin shset nickel, and had a bore of 21 mm. It was inserted through 
the furnace, and connected at one end with the gas supply system, 
and at the other with a water-jacketed silica extension tube, of 
the same diameter, which was used for rapidly cooling the boat. 
The other end of the silica tube was joined to a glass tube, also of 
the same diameter, which communicated through a side tube with 
a sampling trough, a gas reservoir, and a mercury pump. 

Reaction Boat . — This was of iron, 5 cm. long and as capacious 
as possible within the limits of its length and the size of the reaction 
tube. It was wielded to a polished iron rod, 3 mm. in diameter, 
which served as a handle, and passed throiigli a gas-tight, graphite- 
lubricated rubber hung in the end of tlie gla.ss extension tube. 
The latter was just long enougli to ]>revent the bung from being 
burned by the rod when the boat was withdrawn from the centre 
of the furnace to the silica cooling tube. 

Themometer.- — Temperatures w'crc jneasured just outside the 
reaction tube by means of a platinum-rhodium couple standardised 
on the melting points of sodium chloride (800"^), .sodium sulphate 
(S8T), and potassium .sulpliate (U)03“). The readings Avere cor- 
lected for the small temperature gradient through the AA'alls of 
the tube, and the values recorded below for the temperatures of 
the reaction mixture are believed to be accurate to witliin 2“. 

C,-Mcthod. 

A weighed charge of the intimately mixed starting materials 
was placed in the boat, which w'as kept in the silica tube while the 
temperature of the furnace Ava.s adjusted, and the air in the reaction 
tube replaced by a mixture of nitrogen and carbon monoxide in 
the required proportions. The water- overflow of the gas reservoir 
which was to receive the out-going gases Avas adjusted to a lev^el 
such that the total pressure of nitrogen and carbon monoxide in 
equilibrium with carbon and carbon dioxide at the temperature 
chosen would amount to 760 mm. of mercury (p. 2281 ). The boat 
was then pushed up to the reaction zone and the gas passed in a 
steady stream. The incoming gas was sampled for analysis at 
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the beginning and at the end of the experiment, and the out-going 
gases every thirty minutes during its progress, the completion of 
the process being indicated by the constancy of their composition 
The temperature was read every few minutes and kept as closely 
as possible to the required value. At the end of the operation the 
reaction tube was closed by glass stop-cocks, and the boat with- 
drawn to the water-jacketed silica tube. A few minutes later, the 
reaction tube was completely evacuated by means of the mercury 
pump, and the gas thus obtained analysed. The product in the 
boat was analysed for cyanide, carbonate, total alkali, and occa- 
sionally for ferrocyanide (which was never present) and cyanate 
(see p, 2282). The gas collected in the reservoir was also analysed 

J).— Reduction of the Results. 

Gas Amhjsis. — The composition of the last few samples of out- 
going gas w'as found to differ from that of the in-coming gas by an 
amount which was the same as that calculated from Rhead and 
Wheeler's data for the reaction 2CO ^ C -f COg within the limits 
of analytical error. 

From the composition of the gas collected in the reservoir (due 
allowance being made for the small samples 'withdrawn during the 
course of the experiment) the amount of sodium cyanide formed or 
decomposed could be calculated. This was usually the same 
within the limits of analytical error, as the amount found by direct 
analysis of the product in the boat. 

By analysis of the gas pumped off at the end of the experiment 
a control could he obtained of, and a correction applied for, any 
shift of the equilibrium during the short time required to cool the 
boat. The shift (towards sodium carbonate) was often capable 
of detection, but rarely exceeded 1 per cent. 

Anulysis of the Rvoducl m the Boat. — The products of all experi- 
ments excepting those in which sodium ferrocyanide was the 
starting material gave a little sodium hydroxide on lixiviation. 
This was deducted from the total alkali when considering the 
relation between sodium carbonate and sodium cyanide. The 
very small amount of alkali (of the order of 0*1 per cent.) that 
could not be washed out from the excess of carbon was regarded as 
sodium hydroxide, which was known to be adsorbed much more 
tenaciously than either sodium carbonate or sodium cyanide. It 
was occasionally estimated by washing out the iron with mineral 
acids and burning off the carbon. 

General— At temperatures close to 900®, it is an easy raatto 
to obtain fairly consistent results by the procedure outlined above, 
but at lower and higher temperatures special difficulties enter. 
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At 850^^, the reaction is rather slow, so that it is difficult to bring 
gjperiments to completion. Increasing the proportion of catalyst 
is open to the objection that this increases the quantity of sodium 
hydroxide found in the product. The plan which was adopted, 
therefore, was to approach the true equilibrium first from the 
sodiuni carbonate side to ^vithin about 2 per cent., and then from 
the sodium cyanide side to about the same degree of approximation. 
The mean of the two results was taken aa the true equilibrium. 

At 950*^, the main difficulty arose in connexion with the volatility 
of sodium cyanide, appreciable quantities of which escaped from 
the boat if the reaction was allowed time for completion. To 
obviate this, a series of several incomplete reactions, starting first 
of all with sodium carbonate and carbon, were conducted by 
passing the gaseous mixture for different lengths of time, all other 
conditions being identical. A second series was then carried out 
starting udth sodium cyanide. The results of each set, when 
plotted against the volume of the gas passed, gave two curves 
approaching a common asymptote, the position of which indicated 
the true equilibrium. 

The values of x which have been used in calculating the constants 
of the equilibrium may therefore be clas.sified as individual, mean, 
and asymptotic. The following table gives some examples of each. 







log]. 





Expt. 

>0. 

Tump, 



(indi- r 
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10 
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.T43 

3-52 
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f2-l 

u 
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,, 
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3-70 

~ 
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8C-0 
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3-63 
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84-0 
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53 
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-]■ 4G 

100-0 

98-0 

— 

3-32 

— 

100-0 

4-2-0 
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44 

851 

Botit 

82-3 

13-6 

4-16 

4-17 

-I 0-01 

13-8 

-f 0-2 

46 

851 

„ 

60-8 

4-2 


4-17 


5-3 
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(asymptotic) 






29 

954 

Both 

C3-8 

4.5-0 

2-44 

T51 

j-o-o: 

47-0 

+ 20 

34 

950 

,, 

35-8 

18-0 

2-46 

2-42 

-004 

17-2 

-0-8 

48 

900 


6S-8 

21-0 

3-39 

3-32 

-0-07 

19-8 

-1-2 


The last three columns of the tabic exhibit the experimental 
error, Near the limits of the system no reliance can be placed on 
values of K calculated from formula (ii), and therefore the corU' 
parison of logjo K' with 23-91 — 31 180 /T is not attempted for values 
of 100a: which are less than 10 or greater than 90. In other cases 
(10 < 100.r < 90), the average error in logj^ K' is +0-05 (8th 
column). The 9th column contains the values of 100a; calculated 
Oy formula (iii), whilst the 10th column sliows the differences 
between these and observ(*d values. The average cx|)eri mental 
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error amounts to about ±1*5 per cent, in the determination of x 
This is equivalent to an average error of 3'’ in the temperature and 
is probably due to more than one cause, since the average error in 
the measurement of temperature is believed to be about P. Xhe 
further reduction of the results has already been summarised on 

pp. 2280, 2281. 

During the course of tliis vork the authors had the advantage 
of much valuable criticism and advice from Mr. H. N. Beilby and 
Dr. T. Ewan of the Cassel Cyanide Company, in whose laboratories 
the experiments were carried out. 

Imferial College of SaENCE and TECnNOLooY, 

South Kensington, S.W.T. 

Gassel Cyanide Company's Research Laboratories, 

Glasgow. [Received, August 2ith, l92i!.J 


CCLXXVL — The Specific Heats of Gases with Special 
Beference to Hydrogen, 

By Chkistopher Kelk Ingold and Edith Hilda 
USHERWOOD. 

It is well known that observed values of the molecular heats of 
gases cannot be accounted for on the theory of cqui partition 
excepting in the case of monatomic gases for which Cp equak 
(3/2)i2 =: 2-977, corresponding with three degrees of translational 
freedom. For a diatomic gas equi partition between three degrees 
of freedom of translation, t-vso of rotation, and one of vibration, 
together with the potential energy of vibration gives Cp — {7/2)B = 
6-947, although, actually, Cp is much less than this and varies 
considerably mth temperature. 

Bjerrum suggested (Z. Ekktroclmt., 1911, 17 , 731; 1912, 18, 
101) that energy of vibration should be treated from the point of 
view of the quantum theorj', and on this basis gave the formula 
Cp — I'H -f for a diatomic gas, F being a function, tending 

towards zero at 0° Abs. and tow ards unity at high temperatures, 
which Bjerrum identified with Nernst and Lindemann’s expression; 
and vj being the frequency. 

Bjenmm’s theory contains three defects ; 

(i) He tested his formula with reference to high-temperature 
measurements only. Since at low temperatures it tends to the 
limit Cp = 4-962, there is serious lack of agreement wth 

Eucken's values for hydrogen, which fall below 3-0 at low tem- 
peratures (SiizUTUjsber. K. Akad, IKm. Berlijq 1912, 141). 
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|ii) Rotational quanta are not considered. However, Kruger 
has shown {Ann. Pkysik, 1916, [iv], 50 , 346; 51 , 450) that Eucken’s 
results on the specific heat of hydrogen at low temperatures can 
be represented fairly w'ell, although not exactly, by a Planck- 
Einstein function of a characteristic precession frequency calculated 
on the basis of Bohr’s atom-model. Kriiger, however, does not 
examine the results to whicli hi.s theory leads at higli temperatures, 
and) apparently, is not aware of the large difference which the 
introduction of his term makes to Bjerrum’s calculation.* 

(iii) Since Bjerrum leaves the frequency (r^) undetermined, one 
is at liberty to choose the figure whicli gives the best agreement 
with observed values, and there is thus a large chance of obtaining 
satisfactory concordance by accident-t 
It will be shown bcloiv that the agreement obtained by Bjerrum 
in the case of hydrogen by the u.so of an arbitrary frequency is lost 
when allowance is made for prccessional quanta, and that by the 
use of a vibration frequency liaving theoretical foundation it is 
possible to obtain a complete account of the variation of the specific 
heat of hydrogen over the extreme range of temperature (— 238^^ 
:o 2300’^) within which measurements have been made. Hydrogen 
s the only gas for which sufficient data are available at tlie present 
time for a .satisfactory quantitative test, but the specific heats of 
other di- and tri -atomic gases tend towards the correct limits, so 
that tliere can be no doubt that the principle involved is of general 
applicability. 

We wore led to study this sulqeet by certain considerations arising 
from some measurements made recently by one of us (E.H.U.) 
of the specific heats of gaseous hydrogen cyanide (this v oh, p. 1604), 
which was found to exhibit “ abnormal ” behaviour. In the 
development of the theoretical basis of those experiments, the 
point arose as to wdiat constituto.s “ normal ” behaviour, and, in 
order not to overburden the discussion, a general treatment of this 
subject was promised in a footnote {ibid., p. 1605). It is hoped 
that the following details relating to liydrogen, and some brief 
notes on other gases may suffice. 

Xhe symbol f will be used as an abbreviation for the Planck- 
Einsteiii function, F for the Nenist-Lindcmann function, and f 
and F for their average values, defined thus : 


Bjemim rej<?cts the idea of a characteristic rotational quantum {Ncrmt 
I'csiichrift, 1912, pp, footnote). 

t Bjernjm evidently realises the scrioiisiipss of tliis defect, as ho endeavours 
( oc. cii.) to ascertain if the frequencies chosen can be justified by reference to 
^'sorption spectra; liowever, none of the elementary gases exhibits bands 
^ i^fiuired, a fact which ia discussed in some detail by Sommer- 

I ^ ( Aiombau iind Spektralluiicn,'’ 1021, Mathcmatische Zusatze, Kr, 20) 
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F(v) = + t(*'/2)l' 


i(y} 

F{v) = ijjF(v)dr. 


In order to express his results on the specific heats oi hydrogen 
at low temperatures, Eucken used the formula C.=:p + Jif(,) 
Here the terjn llE represents the specific heat due to translation, 
and the term i£(r) that due to rotation; vibrations are not con- 
aidered As a matter of fact, owing to their larger quantum, the 
efiect of vibrations is negligible within the temperature range 
covered by Eucken’s experiments, although it becomes important 
at higher temperatures. The complete formula is to be obtained, 
therefore, by adding to Eiicken's formula a term for the specific 
heat due to vibration, and it is necessary, first of all, to examine 
the applicability of Eucken's formula at low temperatures in order 
that any inaccuracies may not be repeated in the complete formula. 
To employ EiickciTs formula, Kriiger {he. ciL) gives y = 10-06 x 
1012 which is calculated from Bohr’s constants for the hydrogen 
molecule (Fhil. dfiip., 1913, [vi], 26 , 487). The agreement, hov- 
ever, is not good, the part of. the observed specific heat which 
should correspond with Af(e) being uniformly about 13 per cent, 
too high. Even if the best empirical value, vq ^ 9-3 x IQi^ (Nernst, 
Verh. deut. physikal. Gcs., 1916, 18 , 83), be used, the improvement 
is numerically slight, and is of doubtful value, since now the calcul- 
ated and experimental curves intersect. If, however, we use the 
theoretical value of e (that is, Kruger’s value) and write C, - p + 
l-13jRf(v), the concordance is excellent, as the following table 


shotvs : 

Txi*- 

C\ (obs.). 


A. 


A. 

4U° 

2-98 

2-98 

0-00 

2-98 

0-00 

50 

3-01 

2-98 

4-0-03 

2-99 

+ 0-02 

60 

2-99 

3-01 

-0-02 

3-0? 

-0-03 

70 

3-10 

3-07 

+ 003 

3-09 

+0-01 

80 

3-14 

3-15 

-0-01 

3-17 

-0-03 

90 

3- 20 

3-24 

-0-02 

3*28 

-0-02 

lOO 

3-42 

3- 02 

3-35 

+0-07 

3*42 

0-00 

110 

3-47 

—0-15 

3-54 

+0-08 

196-5 

4-39 

4-20 

+ 019 

4-37 

+0-02 

273-1 

4-75 * 

4-52 

+ 0*23 

4-74 

+0-01 

295 

4-80 t 

4-59 

H 0-21 

4-82 

-0-02 

Total 

+0-90 

Total 

+0-04 


♦ Nernst (Z. Elektrocketn.y 1911, 17j 272). 
f From the literature (average). 

The precession theory is manife-stly only a first approximation at 
the present time, and the physical signiticance of the part 0*13 fW 
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of the specific heat is not clear, although it may be due to some 
tiiid of potential energy associated with precessional motion.* 
Having obtained a formula which correctly expresses observed 
values for temperatures below that at which the effect of vibration 
begins to be appreciable, we may proceed to calculate the frequency 
of vibration from numerical data relating to the Bohr model. In 
conformity with Bohr’s view, we must suppose that the stability 
of the molecule as a whole is determined by the restrictioas of the 
quantum hypothesis, and that any one of the component charges 
ffill vibrate only when it accjuircs one or more quanta from the 
circumambient radiation.! Further, since displacements of the 
electrons give rise to frequencies about 1090 times too great appreci- 
ably to affect specific heats at attainable temperatures, and since 
nuclear displacements perpendicular to the axis of the orbit result 
ill motion of the kind considered by Kruger, wc have only to con- 
sider displacements aloJig the axis. If such a displacement increases 
the distance, b, from the centre of the orbit to ^ -f db, the restoring 
force will be 


'2eQ^{b + db) 


' {'2h + dhi^ ' 


4f)^ 




/"i 

\ h /} 16 ' 6^ 


since the radius of the orbit is \/36. Hence the frequency is given by 

v' . A, ” 1-84 X 10^* vibrations per sec. 

8^ mm ^ 

The uumevical result is obtained by inserting Millikan s values, 
1-662 X 10'^ gram, and Cq = 4-775 X 19'^® e.s.u., and 
Bohr's value, b = 9-3175 x 19^® cm. Using the experimental 
lata tabulated below and the complete specific hcAt formulae 
(land ii), we find v' — 1-85 X 10^^ vibrations per sec. as the average 
of a number of fairly concordant results.! 

* McDougal (•/. A)i>er. Chein. Soc., 1921, 43, 23) has oxamined the conse- 
quetiees of assuming one degree of freedom due to rotation about the axis 
joiaing the nuclei. The logical e.v tension of this idea, however, appears to 
involve the assumption, for which there is no experimental support, of degrees 
of rotational freedom for monatomic gases. Moreover the agreement with 
experiment obtained by McDougai in tho case of hydrogen does not appear 
to Us sufficiently exact to warrant the introduction of such a revolutionary 

supposition. 

t In contradistinction to the suppositions made by Bohr [Phil. Mag.^ 191.3, 
h'l], 26, 8GG} in considering the distortions of his systems, the asamnod motions 
of which appear to involve the simultaneous reception of each quantum by 
^ the component charges. 

♦ The value ot & ~ h/k, where h is Planck'S constant and k tJie gas constant 
lot one molecule, is taken as 4-773 x from MUlikan's data. 

VOL. CXXI, 4 I 
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It will be noted that the theoretical value of v' differs consider- 
ably from the value, = 1-5 X 10». used by Bjemm in the 
formula C, = -Jff + concordance of this formula 

with observed values is evidently due to the arbitrary choice of 
V, for it no longer exists when the term is replaced by a function, 
such as M3i?f(v), which is known to fit the data for tcni- 

peratures at which 7iF(..,) is negligibly small. 

The following are the complete formulce tor the real and average 
specific heats of hydrogen : 

C, = i?[l-50 + M3f(10-06 X lOi!*) + F(1-S4_X 10'*)] • ■ . (i) 

_ 7-0) = if[l-50 -I M3f(10-06 x 10'=) + F(l-84 X 10")] . (ii) 

It is claimed that their theoretical basis is self-consistent, and that 
they express observed values over a large range of temperature 
iTith an accuracy equal to that of the measurements : 


Real specific heat. 




T. 

CO 

1 

(Obs.).* 

(Calc. * 

273 

0 

4-75 

4-74 

373 

573 

100 

300 

4- 78 

5- 02 

4 “85 

5 05 
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5-20 

5-25 

1073 

800 

— 

5-4!) 

1473 
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5-8 t 

5-77 

2273 
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6-5 t 

0-25 

3273 

3000 

— 

004 


* Nernst {loc. ccL). 
t Approximate only. 


Average specific heat. 
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(273- r) 

Cr 

T. 

r-273. 

(Obs.).* 

(Calc.i 

1000 

1413 

5-34 

5-34 

1777 

1504 

5-38 

5-39 

1805 

1592 

5-42 

544 

2074 

1701 

547 

5-49 

2108 

1835 

5 52 

5-5.J 

2290 

2017 

5-01 

5“ 62 

2391 

2118 

5'(;5 

5-64 

2523 

2250 

5-71 

5*67 


* Pier (/5. Elektrochem., 11109, 15, 
530). 


In general, therefore, the specific heat curve of a diatomic gas 
must consist of three main sections, as may be seen from tb( 
diagram in which the full lino represents C, for hydrogen plotter 
against At low temperatures, the value, ?i?, is due tt 

translation only [AB ] ; at intermediate temperatures, the rotatior 
quantum becomes appreciable and causes to rise {BC) toaboul 
at which point tlio vibration quantum takes effect and brings 
about a further rise as shown [CD). l*rom a study of such cunef 
for other gases, much can be learnt as to their molecular condition 
Thus the high-temperature branch of the curve for nitrogen j 
(broken line) lies close to the curve for hydrogen, and hence the 


* This is done for convenience in showing very low and very high tea- 
peraturcs on the same diagram. 

f Plotted from Scheel and Heuse’s measurements at low tem^raturrt 
(Ann. Physik, 1013, 40, 473), and from Pier’s data {he, a/.), which shoff 
that at high temperatures Cp for nitrogen is uniformly 0*20 times grea f 
than Ct, for hydrogen at the sumo temperature. 
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vibration quanta for these two gases must have similar magnitudes 
(not so the rotation quanta). Since tho motion is simple harmonic 
(p, 2289), it follows that the force resisting the separation of the 
nuclei in nitrogen must be nearly fourteen times as great as in 
hydrogen, and one would expect dissociation to be appreciable 
only at extremely high temperatures. Similar considerations apply 
to oxygon and carbon monoxide. In the case of the halogens, on 
the other hand, their tendency to dissociate at only moderately 
high temperatures points unmistakably to a small restoring force, 


t 

c, 

zon 


m 

and hcncc, a small vibration quantum. It is kllo^VJl from Strecker's 
measurements* {Wied. Anmlcn, 18S1, 13, 2U) of the specific heat 
ratio (y) that the halogens possess unusually liigh specific heats at 
the ortlinary temperature. The portion of tho specific heat curve 
for chlorine plotted from Streeker's data appears to point to a 
frequency of about 3 X 10^^, that is, onh^ (me-sixth of the fre- 
quency of hydrogen, in agreement with the general indications 
derived from chemical character. 

hirEKiAL College of Sciente and Technologv, 

South Ken.sinoton, S.M'.T. [Received, Seplembrr Wi, 1922.] 

* These have been cornxitod for deviations from the gaa laws by means 
of the formnlce given by Nernst (“ Tlieorctische CliCtnie,'* 7 and., s, 245) 
and the critical cottstants, jjg :Tr 84 atm. and ~ 419° Abs, The valuer 
are as follow : 

Observed by Strecker. 

T-273^ p (atm.). 7 (uncorr,). 

19 0'61 L324 

100 . 0-84 l-32« 

226 0«75 l>.'12l 

343 050 1-311 


Corrected. 


C;,;Cr. 

Cp-cv 

Cr. 

tv 

l*34n 

2' 05 7 

.5-9.5 

s-00 

l'3:i9 

2-033 

(i-OO 

803 

1-325 

2-003 


8-10 

1-312 

1-991 

0-3S 

8-37 
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CCLXXVII “Tk Constitution of the Terpene Present 
in the Essential Oil from Andropogon Jwarancusa, 
Jones. 

By JoHK Lionel Simonsen. 

In a recent communication (T,, 1921, 119 , 1G44), mention ’was 
made of the fact that, in addition to d-piperitone, the essoutial 
oil from Andropogon Jwarancusa, Jones, contained a small quantity 
of what appeared to be a new terpene of the formula This 

hydrocarbon, which did not yield any crystalline derivatives, 
seemed from its behaviour with bromine and the halogen acids 
to be bicyelic, and in view of the interest attached to such sub- 
stances a considerable quantity of the terpene has been purified 
and investigated in some detail. 

When the hydrocarbon was oxidised with potassium pcrniaj]. 
ganate under the conditions described in the experimental part 
of this paper {sec p. 2295), a saturated liquid ^e/o-acid was obtained 
which, from the analysis of its ethyl ester, mnimrbazone {m, p. 
182 — and oxime (m. p. 124—125''), had the formula 
and therefore was isomeric with pinonic acid. Although the 
terpene boiled nearly ten degrees higher than a-pinene, it was 
thought desirable, in view of the well-known difficulty of obtaining 
d-pinonic acid crystalline, to compare the derivatives of J-pinonic 
acid directly with those of the new keto-acid. A careful com- 
parison of the semicarbazoue of d-piiionic acid (m. p. 207°) and the 
oxime (m. p. 127®) with the corresponding derivatives of the keto- 
acid showed at once that they were not identical, and this was 
confirmed by a comparison of the semicarbazones of the ethyl 
esters, that of ethyl d-pinonatc melting at 152 — 154®, whereas the 
seraicarbazone of the ethyl ester of the new keto-acid melted at 
119—120®. 

Like pinonic acid, the keto-acid contained a CHj’CO* group, 
since on treatment with sodium hypobromite solution it was con- 
verted quantitatively into a saturated, dextrorotatory dibusic Qcii 
which melted at 104—105® and which was shown hy 
direct comparison not to be identical with cw-pinic acid. Further, 
on treatment with a solution of liydrogen bromide at 100°, it was 
converted into a lac tonic acid (CgH^jO^) which melted at 98— IW' 
and was identified as homoterpcnylic aeid (III) by direct com- 
parison wth a specimen of this acid prepared synthetically 
(Simonsen, T., 1907, 91 , 184). j 

It has already been shown by Baeyer (Bcr,, 1896, 29 , 3) fhatj 
pinic acid is not acted upon by hydrogen bromide at 100°, 



TEBPBITE PRESENT IN THE ESSENTIAL OIL, ETC. 


2293 


the remarkable stability of the “ picean ” ring has already been 
discussed by Perkin and Simonsen {T,, 1909, 95 , 1166). There 
call therefore be little doubt that the dibasic acid Cj,Hj 404 , which 
on treatment with hydrogen bromide yielded homoterpenylic acid, 
jnust contain a cyclopropane ring. 

If this assumption be accepted, the acid can only be represented 
by formula I or II, whilst the keto-acid would be represented by 
formula IV, V, or VI. 


COgH-CH- CMeg C02H*CHa-CH-' CMej 


CH OH 

C’Hg'CUyCO.H CH^-COgH 

: \-dunfthijl~ 1 : \-DlmeAhylcyc\opro~ 
(■xi:\oiiivpane,-2-propionic pano-'i : li diMetic 

acid (1.) acid {}\.) 


CH,- 


-CO- 


(|;H-CMe, 


'>0 


H omote rpcnylic 
acid (III.) 


COfl-CH-CMp, C0,H-CH,CH-C.¥o, 
■ \/ “ ■ ■ \/ 

CH V’H 

CHo-CHoAc CHjAo 


CO,H-CH,-CH 2 -CH-C¥e, 


CHAc 


I; \-Ditncthj/l'2-y-l'eto- 1 ; l-I>im(thi/l-2-acctonyl- 
biiii/lcydo/iropatie-'H- cjol upropaac-^ -(tee! ic, 

carboxylic acid ( t V. ) acid ( ) 


1 : l-DlniethjI-2^ace{yl~ 
vyclopropane-^-pro- 
pionic acid (Vr.) 


j\te 

C 

/\ 

CH. (jJH 

Cft CH 



(VII.) 


&^Camie, 


^le 

I 

0 

/\ 

CH CH. 
CH. Cll“ 



(VIU.) 


\^'Carene, 


Me 

C 


CH CH 
CH^ CH 

\/ 


>CMe. 


CH. 

(IX.) 


Kcto-acids having the formula IV, V, and VI would be derived 
from liydrocarbons of the formulae represented by VII, VIII, and IX. 

In a paper published some time ago (T., 1920, 117 , 570 *), the 
author do.seribed a new liydrocarbon which was obtained from 
the oieo-resiii of Pinu3 hnp)\Jolm, Prom the fact that this hydro- 
carbon yielded with hydrogen chloride a mixture of sylvestrene 
and dipentene dihyd roc! do rides and on oxidation with potassium 
permanganate, amongst other products, caronie acid, it w’as con- 
cluded that it must be either rf-A?- or A^-careuc (\7II or VII). 
Further, since the molecular refraction was normal ([Pile — 44-22; 


In ling paper (p. 574), the decomposition point of carone nitrosate should 
e and not 141-5®. Tlie analysis should read ; requires 

« = 12'3 per cent. 
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caic., 44-19), it was considered that in all probability it was d-A^. 
carene (VIII). The possibility therefore arose that the new hydro, 
carbon was d-A^-carene (VII). 

In view of these results it became desirable to reinvestigate the 
action of the halogen acids on the terpene, since if it were A*- carene 
it should under suitable conditions yield a mixture of sylvestrene 
and dipentene derivatives. It had been previously observed {loc. 
ciL, p. 1649) that whereas with hydrogen bromide in acetic acid 
solution a dihydrobromide resulted, with hydrogen chloride in 
ethereal solution a monohydrochlovide Avas formed. It has now 
been found (sec p. 229S) that on treatment with hydrogen chloride 
in acetic acid solution a solid dihydrochloride melting at 48^50“ 
is formed which has been identified as dipentene dihydrochloride. 
The bulk of the hydrochloride obtained Avas, however, an oil and 
the hydrocarbon regenerated therefrom was found to give an 
intense svlvestreiie reaction with sulphuric acid in acetic anhydride 
solution." Unfortunately, it has not proved possible to prepare 
any solid derivatives of this hydrocarbon, but since no other hydro- 
carbon is known to yield the sylvestrene reaction, the author is 
of opinion that sylvestrene dihydrochloride Avas present in the 
liquid hydrochlorides, although undoubtedly dipentene dihydro- 
chloride formed the main product of the reaction. 

The formation of dipentene and sylvestrene dihydrochlorides 
would appear to prove definitely that the hydrocarbon under 
investigation must he either d-A*- or A'^- carene and cannot possess 
formula IX. 

As was mentioned above, owing to its normal molecular refrac- 
tion it was concluded that the terpene from P. hnglfolia Avas 
carene and support is lent to this vicAV by the fact that the terpene 
now under consideration has a very high molecular refraction 
(Found, in two distinct samples, “ 44*69, 44*58). The 

exaltation is therefore considerable (0*5 and 0-39), although some- 
what loAver than that observed for sabineiie (0*78) (Auwers, Roth, 
and Eisenlohr; Annalen, 1910, 373, 268). 

There AA'ould appear to be little doubt, therefore, that the hydro- 
carbon is d-A^-rarme (Vll), the kedo-acid would then be d-l:l- 
dimelkyU2-y4:etol}Utylcyclopropane-'i-carboxylic acid (IV), and the 
dibasic acid d-^-carboxy-\ : \4imethykyc\opropane-2-propmic 
acid (I). 

The occurrence in nature of the two hydrocarbons and 
A'^-carene v ould appear to be a matter of some importance and 
would seem to indicate that Ave may expect to encounter other 
derivatives of carane. d-A^-Carcnc differs considerably in its 
properties from d-A^-caronc ; besides Imving a somcAvhat lower 
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boiling point 165-5~-1677707 mm.. A^, 168— 169'/705 mm.), 
it is very much less readily oxidised in the air and it does not possess 
the pungent smell so characteristic of d-A^-carene. It has not so 
far proved possible to isolate a keto-acid from the oxidation pro- 
ducts of d-A®-carene, but further experiments in this direction are 
in hand and some progress has been made in the difficult problem 
of synthesising A*-carene. 

Experimental. 

The greater part of the terpene used in the experiments detailed 
below was obtained by the distillation in steam of a quantity of 
I Jwaramim, Jones, grown in Sind.* The terpene was found 
to distil very constantly at 165'5— 1077707 mm. and had the 
followng constants; 0-8552; 1-474; [a]!;'' + 62-27 

[^iilo 44-69, which except as regards rotatory power agree fairly 
well with those' previously found {loc. cit., p. 1649). 

Onddiion of d-A^-Carene. d-1 : l-Difnrtkj/l^l-y^kelobutyl 
cyc]opropa?ie-'d-carboxylic Acid (IV). 

As the result of a large number of comparative exjx^riments the 
flowing method was found to be the most .satisfactory for the 
xklation of d-A^-carene. The hydrocarbon (20 c.c.) was dissolved 
I pure dry acetone (200 c.c.) and to the mixture, wliich wa.s kept 
vll cooled in an ice-bath, finely divided and sieved potassium 
ermanganate (48 grams) v/as gradually added. Oxidation pro- 
eeded only very slowly and the addition of the fiennanganate took 
approximately sixteen hours. When the oxidation was complete, 
hr manganese dioxide w-as separated, well washed with acetone,! 
aixed with water, and distilled in steam to rmnovc any adherent 
cetone and unchanged hydrocarbon. The aqueous solution was 
iltered and the residual manganese dioxide repeatedly extracted 
rith boiling water until the extract was quite colourles.s. The 
iiauganese dioxide was found to retain tiie salts of the oxidation 
icid most tenaciously and as a rule at least six extractions with 
wiling water were necessary. The alkaline filtrate, w'hich was 
leep brown in colour, was concentrated to a small bulk in a current 
4 carbon dioxide and acidified, when a viscid, brown oil separated. 

* The oil obtained from T. d’u'awMt'i/v'ia, Jones, grown in 8inU, was found 
0 differ very markedly from tho oil isolated from tho same grass grown in 
•he Hazara District. A detailed account of the composition of the Sind oil 
irilUhortly bo publislied in the Indian Forest Records, 
t On evaporation, (lie acetone solution, iji aiidition to unchanged terpene, 
widedasmal! quantity of a vk'id oil which distilled at about iViVfi? mm. 
he Oil showed no tendency to cry.stallise and gave a liquid ^irpthane. It 
not further examined. 
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This was taken up \vith ether, the ether dried, and evaporated 
(yield 8 grama). Since the oxidation product, which smelt strongly 
of acetic acid, showed no tendency to crystallise even on long 
keeping, it was mixed with excess of semicarbazide acetate solution, 
when, on warming, a copious precipitate of the semicarbazone 
separated. This was collected, triturated with ether,* which 
removed a small quantity of a resinous brown impurity, and dried 

on porous porcelain. 

The crude semic^^betzon^ of the keto-acid melted at 178 180^ 
and was purified by crystallisation from methyl alcohol, from 
which it separated in glistening rhombohedra melting at 182- 
] 83° and this melting point was not altered hy further crystallisation 
(Found: C = 54-r>; H = 7-7. CnHiaOjNj requires C = 54-8; 
H ^ 7-9 per cent.). 

The pure kcto-acicl was readily obtained by the hydrolysis of 
the semicarbazone. In one experiment, the semicarbazone (1 part) 
was heated with dilute sulphuric acid (10 per cent. ; 10 parts) on 
the water-bath for half an hour, when a pale yellow oil had separated 
on the surface of the sulphuric acid. The acid wa.s taken up with 
ether, the ether dided and evaporated, when d -1 : l-dimdhjl--l 
yMobutykyc\opropam-Z-m^^^^ acid was obtained as a viscid, 
pale yellow oil. The acid could not he induced to crystallise even 
when cooled in solid carbon dioxide. It was found to yield a 
somewhat sparingly soluble sodium salt, whidi separated from 
sodium hydroxide solution in prisms. In alkaline solution, it ^vas 
stable to potassium permanganate, and was not attacked by dilute 
mineral acids at 100 ^ although at higher tempcratims it appeared 
to be converted iiito a lactone. 

d-1 : l-I)nr!c<//y^2-y-it'e/ol>u/y/cyclopropr?7?c-^l-^•ur6o.ryh‘c Acid Oxirnt 
—The ac;id (1 gram), dissolved in a slight excess of sodium carbon- 
ate solution, was heated with hydroxylamine hydrochloride (1 gram) 
and dilute sodium hydroxide solution (0 0 gram NaOH) on the 
water-bath for one hour. On cooling and making just acid with 
hydrochloric acid, the oxane separated as a viscid oil, which rapidly 
solidified. It was purified by crystallisation from dilute mctliyl 
alcohol, from which it was obtained in hexagonal prisms nicHing 
at 124—125° (Found : C - 00-5; H = 8 - 8 . C 10 II 13 O 3 N vcquiiw 
C 60-8; H = 8-5 per cent.). In methyl alcohol solution (2 por 
cent.), [a]u was found to be + 44-9 \ 

d - 1 : 1 - Dimethyl - 2 - 7 ■ htobuiykyAopropanc- 3 - carboxylic /luii 
Phenylhi/drazone.-'T\\e phenylhydrazouc of the keto-acid separated 

• In addition to a small quantity of the semicarbazone, the ethereal 
extract contained a trace of a liquid acid, wliirli was not obtained in suffiekn 
quantity for investigation. 
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at once as a yellow powder on mixing a dilute acetic acid solution 
of phenylhydrazmc with a solution of the keto-acid in the same 

cT at 97-99° rf *'' fisms which decom= 

posed at 97 99 . Like the phenylhydrazone of pinonic acid it 

"fJhr t decomposed on keeping 
over-mglit. Iho dAyl ester of the keto-acid,* prepared in the 
usual manner with alcohol and sulphuric acid, was obtained a! a 
pteauLsmdlmg oil wLich boded at 133-135°/11 mm. (Found: 

TU ^ ~ ^ requires C =. 67-9; H 9-4 per 

cent.). The senucarba^^ne of the ethyl ester, prepared in the 
usual manner m a cohohe solution, was precipitated on the addition 
of water as an oil which slowly solidified. It crj’stallised from a 
™i.xtum of benzene and light petroleum in rosettes of needles 
which melted at 119-120“ (Found: C = 57-8- H = S-fi 
Ci-,H 2303N3 requires C ^ 57-9; H 8-5 per cent.). ’ 

d.3-C«rJo.!y-l : l-dimelhykycloproijane-2-propionic Acid. (I) 

In one experiment, the keto-acid (5-5 grams) was dissolved in 
sodium hydroxide solution (l-.y grams NaOH) and the cooled .solution 
added all at once to a dilute sodium hypobromite solution (275 c c • 

1 -a grams haOH 22 gram.s Br^). The .solution at once became 
cloudy and after standing for one hour a considerable quantity of 
bromoform had separated. The excess of hypobromite was re- 
moved by sulphur dioxide, the bromoform separated, the solution 
aeidihed satura ed with ammonium sulphate, and repeatedly 
ex racted with chloroform. On removing the chloroform, a pale 
ye ow 0.1 (OM grams) remained which, on scratching with a glass 
rod, eomplotoly solidified. The dibasic acid, xvhich r.-as somexvhat 
spanngly so uble m cold water, w as purified by crystallisation 
Iro n hot water, from which it .separated in minute, irregular plates 

r! !! “'■‘‘I bt- «7adily sdiible 

n a I the ordinary organic solvents, and when dissolved in alkaline 
11 ion was iicrfcctly stable to i)ota.s.sium permanganate. With 
copper acetate solution, an aqueous solution of the acid gave an 

7o per cent.). ^ C ^ 58-0; H = 

pin„.!aT„tir7."rr<.d' "nr?”' of oPivl .. 7. 

to have boon oLiL nmv i do not appear 

woolly needles me tin- nt 1 pi”'?? 'J?" m 

H - 8° • in I'ZtTJ ‘ <' rf-semicarbazone, C = 57.5 : 

« = 8VperLt.) ° = “ Calc., C = 57-9; 
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In a 1 per cent, chloroform solution, [a]'5 was found to be -f- 33•5^ 
On titration with a standard solution of potassium hydroxide, 
0-197 gram neutralised 13-1 c.c., whereas a dibasic acid, CgH^O^, 
should have neutralised 13-25 c.c. 

Aciion of Hydrogen Bromide on d-Z-Carboxy-l : l-rfme%?cyclo- 
'pTopcine‘2-‘proj/iouic Ac^d. Formolion of HoTnoteTpcfiylic Acid, 
The dibasic acid (0-5 gram), mixed with an aqueous solution of 
hydrogen bromide (saturated, at 0 j 5 c.c.), was heated for five 
hours in a sealed tube at 100^ The deep brown solution was 
evaporated on the water-bath, when a viscid oil was obtained 
which slowly crystallised. After draining on porous porcelain, it 
was purified by crystallisation from pure ether, in which it was 
only sparingly soluble and from which it was obtained in glistening 
prisms melting at 98 — 100° (Found : C — 58-3 ; H = 7-8. 
requires C = 58-0; H — 7-5 per cent.). 

On titration in the cold, 0-1065 grain neutralised 3-6 c.c. of a 
standard solution of potassium hydroxide (calc., 3-58 c.c.) ; after 
boiling the solution with excess of alkali and titrating back, it 
w'as found to have neutralised 7-2 c.c. 

The lactonic acid Avas identified as homoterpenylic acid by 
direct comparison w itli a synthetic specimen of this acid prepared 
by the method previously described (fei monsen, loc. cit.). A mixture 
of the two acids melted at 98—100° and they appeared to be identical 
in every way. 

Action of Hydrogen Chloride on d-^^-Carcne. 

The terpene (10 grams) was dissolved in acetic acid (50 c.c.) and 
the ice-cold solution saturated with hydrogen chloride, the tem- 
perature being kept at 0°. The deep brown solution was kept at 
0° for six hours and at tlie room temperature (30°) for forty-eight 
hours. On pouring into water, a heavy oil separated. This was 
taken up with ether, the ether thoroughly washed with dilute 
sodium carbonate solution to remove free acids, dried, and evapor- 
ated, and the residual oil distilled under diminished prcs.sure (14 
mm.), when practically the wliolc passed over between 120 IdO . 
On cooling in a freezing mixture, the oil crystallised. On filtering 
through an icc-cold funnel, a small quantity of a solid hydro- 
chloride w'as obtained which, after draining on porous porcelam, 
was crystallised from dilute alcohol, wdicn it was found to melt 
at 48 — 50° and w as identified a.s dipentenc Iiydrochlorido, since on 
admixture witli an authentic specimen no depression of the melting 
point was observed. 

The liquid hydrochlorides were decomposed by digestion with 
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gQ(iiuiii acetate in acetic acid solution, when a hydrocarbon was 
obtained which distilled at 120 — 140^/200 mm. When dissolved 
in acetic anhydride and treated with a drop of sulphuric acid, the 
hydrocarbon gave an intense blue coloration, indicating the presence 
(,{ sylvestrene. Attempts to prepare solid derivatives of this 
hydrocarbon were not successful, but the presence of dipentene \va8 
confirmed by the preparation of the characteristic tetra bromide. 

In conclusion, the author wishes to express his indebtedness to 
jtr, Gopal Ran for the preparation of a quantity of ethyl p-iodopro* 
pionate, and to him and Mr. Ghose for making the analyses. 

Forest Research Institute and College, 

Dehra Dun. [Received, August 30;//, 1922.] 


CCLXXVIII .— of Xylose. 

By Albert Carrutheks and Edmund Langley Hirst. 

The importance of investigating in detail the properties of the 
fully and the partly methylated derivatives of the sugars has long 
been recognised, not only on account of the interesting constitutional 
problems presented by these compounds, but also because they 
serve as standard reference substances which render possible the 
application of the m ethylation method to the determination of 
the structure of the di-, tri*, and poly-saccharides. In view of the 
wide distribution of glucose and its relationship to cellulose, starch, 
and glycogen, attention was directed to its study at an early stage 
in the history of the methylated sugars and in this case investiga- 
tion of the partly methylated derivati\ es has been in progress for 
some considerable time, with the result that the knowledge gained 
is proving invaluable in the constitutional study of the complex 
carbohydrates containing gIuco.se residues. Researches now being 
carried out in this laboratory on the com posit ion of various types of 
cellulose have revealed the necessity of studying more fully the 
methylated derivatives of the simple pentoses, Thu.s it will be 
sho^vn, in a forthcoming pai)er by Irvine and Hirst, that tJie esparto 
cellulose of the paper manufacturer contains 20 per cent, of xylan, 
whilst a yield of nearly 19 per cent, of pentosan lias been isolated 
from straw cellulose (Heu.sor, Braden, and Kirselmer, J. pr. Chetn., 
1921, [ii], 103 , 69). The study of these xylose derivatives by the 
niethylation method will naturally depend on a knowledge of the 
properties of the fully and the partly methylated xyloses, but up 
to the present, beyond investigation of the properties of the methyl- 
pentosides described by Fischer {Ber., 1893, 26 , 2407; 1895, 28 , 
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1157), the alkylation of pentoses has been restricted to arabinoee 
and rhamnose. In the former case, trimethyl hiethylarabinoside 
and the corresponding trimethyl arabinose were prepared and 
described by Purdie and Rose (T., 1906, 89 , 1204), whilst, in addi- 
tion to the fully methylated rhamnose, Purdie and Young (T.^ 
1906, 89 , 1194) obtained a dimethyl derivative and the dimethyl 
methylrhamnoKide corresponding with it. the chemical behaviour 
of these compounds offers in many ways a very close parallel to 
that of the methylated hexoses and their met hylhexos ides, whilst 
the same regularities regarding optical properties may be applied 
equally well to both scries. Thus the specific rotations of the a- 
and p-forms of inethylglucoside, methylarabinoside, or methyl, 
xyloside arc reproduced almost exactly in the values obtained for 
the a- and ^-forins of the methylated derivatives of these methyl, 
hexosides or -pentosidcs. Examples of tliis generalisation are 
collected in the table given below, in which are included figures 
obtained in the course of the present research for methylated 
xylose. 

[a]„. K- 

a-Methylghicosifle -33" Triincthyl ^-methslxyloside ... -67“ 

2 ■ 3 : 5-Trimethyl i3-mcihyl- a-Mctliylarabmoside J-246 

gUicosidc —22-9 Trimcthyl a -methylarabinoside t251 

2 ' 3 ■ 6-Trimethyi 3-methvl- a-Methylglucosido +157 

glucoside -1911 Dimethyl a-methylglucoside +143 

Tetramethyl /3-methylgluco5lde -17 Tetramethyl a-metliy!glucoside +154 

j 9 -Methylxylosid 0 —90 


Whilst such properties point unmistakably to the possession of 
some fonn of lactone ring by all these compounds, it is unfortim. 
ately impossible to draw conclusions from them as to whether the 
linking is of the propylene-, butylene-, or amylene-oxide type, or 
even as to the similarity of the lactone ring structures in different 
carbohydrates. Thus the optical properties of tetramethyl 
y-methylglucoside, the structure of which differs fundamentally 
from that of the normal forms of tetramethyl methylglucosidp, 


diverge very slightly from those of the ^-isomcridc. In the light 
of these arguments and in view of the absence of actual chemical 
evidence regarding the nature of the linking in the pentose series, 
the representation of xylose or arabinose by formula? such as (I) 
can be regarded merely as a tentative working hypothesis. The 
need for caution must be further emphasised in view of the recent 
work of Helferich and Malkomcs {Ber,, 1922, 55; [B], 702) on the 
properties of a 8-hydrcixy -aldehyde (II), which they have shovn 
to be stable in the form of a S-lactono (III), the chemical aiwl 
physical properties of which exhibit remarkable similarity to tho-se 
of a normal reducing sugar. Thus, for example, derivatives of a 
gkcoside-like nature may be formed in the usual manner wtn 
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methyl alcohol, and this new substance (IV) shows many 
of the reactions of a normal glucoside, although it possesses an 
amylene-oxide ring. 


.CH'OH 

OH'OH 

\eH 

CHj-OH 

(!■) 


CHO .OH'OH 

/CE, 

CH, -> 0 CH, 
CH3 

CHMo‘OH 

(II.) (in.) 


M«jOH 

^ 

nc'i 


.CH'OMe 

\ch: 

CHMe 

(IV.) 


Further investigations, now being carried out by Bergmann and 
Miekely {Ber.y 1922, 55, [7?], 1390), into the properties of simple 
hydroxy-ketone.s such as S-acetyl-n* butyl alcohol have shown that 
these substance.s form compounds witlj methyl alcohol resembling 
iiiethvlghicosides with reactivitic.s paralicl to those of sugars of the 

y-aeries. 


MeC :0 

MeC-OH 

MeC:OMe 




CH2 

P 

CH3 0 

CH. 

CH,/ 

ctr. 

“ *“./ 

6 h./OH 

CH3 

(V.) 

(VI.) 

(VII.) 


In addition, facts such as the anomalous behaviour of xylose and 
even of trim ethyl xylose in the readiness with which the trans- 
formation to furfural may be efTected, the failure of xylonic acid to 
form a lactone under ordinary conditions (Allen and Tollens, 
Amakn, 1800, 260, 307), and the extremely slow condensation of 
trimethyl xylose with acidified methyl alcohol in. the cold, details 
of which will be found recorded in the experimental part of this 
paper, are difficult to reco.icile with the behaviour of glucose under 
similar conditions if the two molecules are almost identical in 
structure. It will be understood, therefore, that although, in 
depicting the reactions described in the present paper, tlie butylene- 
oxide structure is used to formulate xylose and its derivatives, w'e 
consider the question as to the exact nature of the linking to be 
still an open one. Experiments are already in progress by means 
of which we hope to obtain more definite evidence on this par- 
ticular point, and in view of the intimate relationship between the 
hexose and pentose scries and the lack of evidence in support of 
butylene-oxide structure for the normal hexoses, w'e hope to 
^tend our studies so as to include the general question of the 
lature of |he oxide ring structiire in sugars. 
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In the study of the methylation of xylose, the considerations 

Ertoe might he based and to the possibility of using the methyl, 
siruciurenis reference substances in the study of the 

pelsirinTmL^cr similar to that in ivhich the closely analogous 
wnta- tetra-, and trimethyl-glucoses are being employed m the 
c!fof the hexosans. Two series of methylation experiments have 
ease oi rnc obtaining the two stereoisomenc 

beencarrie ^ t Methylation with methyl 

forms of trimethjl > y introduced by Haworth for the 
sulphate to 5; ™107 i followed 4 treatment with 

mS iodiTmid silver oxide gave the fully mcthylatech crystalline 

vtient as in tLt of peiitamethyl glucose, sunce preparations o 
iraT purity, but containing differing proportions or the and 
pSnerides and hence superfusod to d.fterent degrees, gave 

oTp44-ing the .-form of trimethyl methyt 
tin* t’niulibnum mixture of a- and 

xyloside, a stai ni ^ treating xylose with acidified 

p-methylxy osi es, i P- conditions, 

,netliyl alcohol at 100 f ' ^ 

"‘fttrthtTav 0 a^H from the ^-variety by taking 

and that this ‘ crystallisation of the two 

inS from siolutioirin ethyl acetate. The a-fonii, which in 
"f , . ,,f cxocrimcpts, could not bo separated completely 

bv the silver oxide-methyl iodide reaction in the usual mann. 

recorded for the specific rotation in methyl-alcoholic soluto 
A.ssuming the applicability to the present case of the g^erahsrf 
regarding the rotations of methyl iientosides referred o 
Ijo^th cc- and | 3 -forms were present in the specimen in the pr po 
nf fid ncr cent, of cc- and 34 per cent, of ft*. .-nntK 

The behaviour of both modifications on Mrolysis ™ d«t ^ 
i^omalous. When the [t-form was hydrolysed under cond» 
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parallel to those which convert tctrainethyl j3-methylg!ucoside 
quantitatively into tetramethyl glucose^ some 50 per cent, only of 
the calculated quantity of trimethyl xylose was formed. Secondary 
reactions diminished the yield of sugar, and furfural derivatives 
were formed in quantity despite the protection to the hydroxyl 
groups afforded by methylation. Still more unex{jected results 
^ve^e forthcoming from the hydrolysis of the mixture containing 
of the a-form. In this case, milder conditions of hydrolysis 
were adopted, but notwithstanding these precautions no trace of 
trimethyl xylose was obtained, a quantity of an exceedingly viscous, 
l^evorotatory syrup being isolated, which was acidic in properties. 

The trimethyl xylose (IX) which ivas obtained by hydrolysis of 
the trimethyl p-methylxylo.sido crystallised with great readiness 
and in very characteristic form. I'hc a-i.somcride, after several 
rocrystallisations from etlu-r, showed a maximum melting point of 
87— which figure was not altered by further treatment and 
therefore may be taken as belonging to the pure a-form of the 
cojiipound. Mutarutation in aqueous solution was so rapid that the 
ma.xiraum value of [aj^ for this solvent could not be recorded, 
but in absolute alcohol the value [ajj^ + 74“ was obtained. Catalysis 
with a trace of ammonia led to very slow mutarotation to a perma- 
nent value, [a]j) + 21“, wdiieh was also given by the aqueous solu- 
tion without a catalyst and by the alcoholic solution on addition 
of hydrochloric acid, which resulted in very much speedier muta- 
rotation. 


CH-OH 

0 f 

\ OH-OH ~> 

\ * * 

CH^-OH 

(i-) 


0 


^CH-OMc 

Cm-OMe 

CH-OMe 

I 

CH 

CHvOMe 

(VIII.) 


/CH'OH 

(m*OMe 

CH-OMe 

^CH 

CH,-OMe 

(LX.) 


For comparison with methylated sugars of the hexose series, the 
rate of condensation with acidified methyl alcohol in the cold 
was measured. With 0*25 per cent, acid, no change in rotation 
was observed after sixty hours at 15“, indicating that the rate of 
condensation i.s much slower than in the hexose .series. After 
treatment at 70 ., however, a iiermanent value, [alu *h 50^ was 
recorded, in good agreement with the figure previously found for 
equilibrium mixture of a- and p -trimethyl methylxylosides. 
Tins difference in rate of condensation is worthy of note in that it 
J'ould seem to indicate great stability of structure, whilst the trans- 
U t furfural appears to show the reverse to be the ca,se. 
e behaviour towards alkaliiic pennanganate resenibled thajj|of 
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normal tetramethyl glucose. Owing to the ease with which the 
sugar itself could be obtained crystalline, little attention was 
directed to the attempted formation of derivatives. But in view 
of the failure of trim ethyl arabinose to form an anilide the prepar- 
ation of the anilide of trimethyl xylose was attempted. This com- 
pound, if formed, must be soluble in water and alcohol and must 
hydrolyse with extreme ea.se, as all attempts to separate it failed. 

Owing to the poor yield of trimethyl xylose which can be obtained 
from trimethyl m ethyl xyloside, it would appear that for quantita- 
tive work greater importance must be attached to the p-fonii of 
trimethyl methyl xyloside as a reference substance. Its physical 
constants and the ease and certainty with which it may be obtained 
crystalline render it of great utility in all cases where it is possible 
to ensure the formation of the (^donn to the exclusion of all but 
traces of the a-isomeridc, 


Experimental. 

Preparation of Trimethjl Meihylxyloside. 

Two separate series of experiments were carried out, in the 
former of which the object was to isolate finally the p-fonn of the 
fully methylated xylose. In this case, methyl sulphate was used 
as methylating agent and since this is the first occasion on which 
this reagent has been applied in the pentose series, a description 
of a typical experiment is gi\ en. Xylose (6'C grams) was dissolved 
in the minimum quantity of water, and the methylating reagents 
(50 c.c. of methyl sulphate, and 48 grams of sodium hydroxide 
dissolved in 93 c.c. of water) were added slowly and simultaneously 
to the solution. The mixture was vigorously^ stirred throughout 
the experiment and the temperature was maintained at 30° until 
the reducing action on Fchling’s solution had disappeared. The 
remainder of the reagents was added at 70°’. Half an hour at the 
boiling point served to complete the reaction, after which the pro- 
duct was isolated in the usual manner and found to weigh 5*32 grams. 
Owing to the very volatile nature of the methylated xylose, removal 
of the solvent requires special care, and in the present case a portion 
of the material was lost by volatilisation during the elimination 
of the last traces of the chloroform used in the extraction. The 
yield is therefore of the same order as that previously found in the 
hexose series when this method is employed. The resulting mobile 
syrup crystallised spontaneously, giving long, white needles which 
melted at 35-^0°. Methylation was completed by treatment with 
silver oxide and methyl iodide in the usual manner, and after two 
operations a product waa isolated which, on distillation, gave 
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a colourless, mobile syrup. This crystallised, on cooling, to a wax- 
like solid which liad the following physical constants ; b. p. 61>— 
7270*5 nim. ; m. p. 37 — 39“ (after keeping for one hour). 

After keeping for a day on porous tile, the melting point had 
risen to 45 — 48“. The superfused solid showed n^° T4316, 
1*4352 [Found : C — 52-46; H — 8'79; OMe = 58-6. Calc, 
for C 5 HgO(OKe) 4 , C — 52*43 ; H = 8*74 ; OMe ~ 00*1 per cent.], 
Chcniicaily this material behaved as a typical glucoside toward 
Fehling’s solution. It was very soluble in water and all the common 
Qr^aiiic solvents with the excej)tion of light jjetroleura, in which 
its solubility was only moderate. As obtained by distillation, the 
product was a mixture of the a- and -forms and from thLs tho 
pure ji-form was isolated by crystallisation from light petroleum, 
almost the whole of the solvent being removed and the concen- 
trated solution being cooled in ice to effect crystallisation. For 
the recrystallised specimen the following constants were recorded ; 
m. p. 46—48“; nf 1*4316; 1*4350; [otj^ — 66 * 6 “ in methyl 

alcohol {c ~ 1*160); [ajj, — 64*0“ in ethyl alcohol {c ~ MOO); 

- 67*0“ in water (c - M14). 

In methyl-alcoholic solution the equilibrium value of the specific 
rotation after treatment with acidified methyl alcohol at 100 “ 
for eight hours was [etj^ + 49-5“ (c ^ 1*150). 

In the second series of methylation experiments, an attempt 
nas made to obtain the a-form of trirnethyl methylxyloside by 
methylating a-methylxyloside, which is obtainable in the manner 
de.scribed by Fischer (for. ciL) from the mixture of 7 - and ^-methyd- 
xylosidcs resulting by treatment of xylose in scaled tube.s with 
0*25 per cent, acidified methyl alcohol. Ten grams of xylose were 
transformed into the methj'lxylosides, and the form was allowed 
to crystallise. The Ruuaining syrup failed to deposit crystals even 
after standing for two weeks, and accordingly it uas decided to 
methylate without attempting to separate the last traces of the 
jSi- variety, The syrup, weighing 8 grams, was treated in the usual 
Jiianncr with methyl iodide and silver oxide, methyl alcohol being 
used (luring the first stages as solvent. Complete methylation 
re(jiiirefl five separate treatments tliis method, at the end of 
which a colourless, mobile syrup (weight 4 grams) was obtained 
which boiled at 115 — II8“/J2 mm. and which did not crystallise; 
«iil = 1*4410; n‘ix *= 1*4380 [Found ; C — 52*0; H — 8 * 66 ; 
OMe =.61, Calc, for (bH 50 ( 0 Me) 4 , 0 - 52*43; H = 8'74; 
OMe = 60*1 per cent.]. 

The value of [ajj, was -f 86 “ in methyl-alcoholic solution (c— 2*534). 
After digestion with acidified methyl alcohol at 100 “, the equilibrium 
value of the specific rotation waa [«]p + 50*4“ (c ^ 2*301 ). 



2306 CARRUTHERS AND HIRST : METHYLATION OF XYLOSE. 

figure previously recorded, starting from the P-forna, was [«]jj ^ 

49 ■ 5 ^ 

Hydrolysis of Trimethyl Methylxyloside. 

The method of hydrolysis adopted was essentially the same as 
that found very effective for the hydrolysis of tetramethyl methyl, 
glucoside. Crystalline triiiiethyl p-methylxyioside {4'6 grams) 
was dissolved in 100 c.c. of 8 per cent, aqueous hydrochloric acid, 
and a small quantity of charcoal added to the solution. The 
reaction was complete after boiling under reflux for one hour, but 
the end value of the specific rotation did not correspond vith 
that afterwards found for the equilibrium mixture of the two 
forms of trimcfhyl xylose. A considerable amount of a volatile 
substance was formed which gave an intense red coloration vith 
aniline acetate. This points to the partial destruction of the 
trimeihyl xylose with fortnation of furfural derivatives. After 
neutralising with barium carbonate, evaporating to dryness under 
diminislied pressure, and extracting the residues with ether, a pale 
yellow syrup was obtained which weighed 1-83 grams and crystal- 
lised spontaneously, Furtlier extraction of the residues with 
chloroform gave a small quantity of a syrup which only partly 
crystallised after several weeks. The total yield was thus slightly 
less than 50 per cent, of the theoretical value. The crystalline 
material was moderately soluble in cold ether and could be recrystal- 
lised very conveniently from this solvent, in large prisms of character- 
istic shape and appearance. Analysis proved it to be trimethyl 
xylose [Found : C — 50 02 ; H = 8'32 ; OMe = 48*2. Calc, for 
C. 5 H 702 ( 0 Me) 3 , C- 50-00; H-:8-33; OMc = 48*4 per cent.]. 
The substance reduced Fehling's solution and was stable to alkaline 
potassium permanganate solution. As originally isolated, the 
substance melted at 74 — T?"", but after one recrystallisation from 
ether the m. p. had ristui to 87—90'^. Further rccrystallisation did 
not raise this figure, which may therefore be taken as corresponding 
wiih the pure a-isomcride. The following observations were made 
of the specific rotation of the twice recrystallised material : 


Solvent. 

c. 

[“Id- 

^Vatcr, initial valur; 

loOO 

00° ? 

final 

l-oOO 

20 

Ethyl alcoJiol, initial 

0-879 

74 

final 

0-879 

21 

Methyl alcoliol, initial 

final 

1095 

20-1 


Owing to the very rapid rate of mutarotation in aqueous solution, 
the initial value of the specific rotation could not be observed. With 
ethyl alcohol, a catalyst was required to effect mutarotation, and 
>yi^ a trace of acid the change took place rapidlyi the final val«^ 
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being reached in thirty minutes. With ammonia as catalyst, 
mutarotation was very slow, requiring several hours for completion. 

Condensation of Trimethyl Xylose with Meihtjl Alcohol. — Crystal- 
line trimethyl xylose (0-1095 gram) was dissolved in 10 c.c. of 
methyl alcohol containing 0*25 per cent, of hydrogen chloride, and 
the rate of condensation followed polari metrically. After foity- 
four hours at room temperature, no change in optical rotation had 
taken place, and in view of this extreme slowness of reaction at 
15 ° the temperature was raised to 70^" and the concentration of 
acid increased to 0‘5 per cent. After eight hours in a sealed tube 
at this temperature, a permanent value, [a]p + 49-8°, w^as recorded 
(c ^ 1'182). This agrees well with the observed equilibrium value 
for a- and p- trimethyl moth ylxylos ides ([k]^ 4“ 49-5*^). At this stage 
the solution no longer reduced yehling’s solution. 

AtteMjjted Formation of ati Anilide. — In accordance with the 
standard method, the trimctljyl xylose w^as boiled under reflux for 
hve hours with an excess of aniline (5 inols.), dissolved in absolute 
alcohol. JVo crystals separated on cooling nor after removal of 
the greater part of the solvent. The excess of aniline was then 
removed by distillation in steam, the solution filtered, and evaporated 
to dryness under dimini.shod pres.su re. Crystals separated in 
rosettes of needles and these, after recrystallisatiou from ether, 
were recognised as unchanged trimethyl xylose. Xo trace of an 
anilide was found at any stage of the experiment. 

Hydrolysis of the Mixture containing Excess of Trineihjl 
d-Meihylxylosidc. 

In this case, owing to the known difficulty of hydrolysing x-gluco- 
sides, it w’as considered advisable to avoid as far as possible con- 
ditions conducive to furfural formation, and accordingly sulphuric 
acid was used in place of hydrochloric acid, and less drastic temper- 
ature conditions were employed. The .syrup (2-7 grams), obtained 
as described above, was dissolved in 09 c.c. of o per cent, sulphuric 
acid, and the solution heated for seven hours in a boiling w ater- bath 
until the optical rotation, + 12^ ceased to alter in value. 
The acid was neutraH.scd w’ith baryta, winch occasioned a marked 
colour change, and the resulting neutral solution evaporated to 
drynass under diminished pressure. The viscous s\Tup thus isolated 
did not crystallise on nucleation with a specimen of trimethyl 
xylose, and it could not be induced tt) crystallise from ethereal 
solution. The compound w-as slightly acid in reaction, gave a 
considerable proportion of ash on incineration, w^as appreciably 
laevorotatory ([a]^ — 6‘4°), and showed OMo — 32-3 per cent. 
The change of sign in the optical activity on neutralisation, together 
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with the ash content, would appear to indicate decomposition 
of the trim ethyl xylose with formation of acid products. These 
changes have not so far been further investigated. 

This investigation was carried out in connexion with the Carnegie 
Trust Research Scheme, and the authors desire to express their 
indebtedness to tlie Trustees. They also wish to record their thanks 
to Principal J. C. Irvine, C.R.E., F.R.S., for the interest he has 
taken in the work and for his constant criticism and advice. 
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CCLXXIX.— r/ie Velocity of Reaction in Mixed 
Solvents. Part III. The Influence of Temferatxm 
on the Velocity of Saponification of Esters. 

By Hamilton McCombie, Harold Archibald Scarborough, and 
Richard Hardcastle Settle. 

In Parts I and II of this series (T., 1921, 119, 970 ; this vol., p. 243), 
a study was made of the reaction between the ethyl esters of iso- 
butyric acid, benzoic acid, and mono -substituted benzoic acids 
and potassium liydroxidc in a solvent consisting of alcohol and 
water. One of the characteristic features of the results obtained 
was that the curves showing the relation of the velocity constant 
to the percentage composition of the solvent w^ere very similar and 
apparently independent of the nature of the ester. It was felt, 
how^ever, that such a generalisation would not be justified until 
there was included the study of the reaction between the ethyl 
ester of a simple aliphatic acid and potassium hydroxide. Measure- 
ments have therefore been made W'ith the ethyl esters of n-butyric 
and R-heptoic acids. 

It was hoped that a comparison bet\veen the ethyl esters of the 
ortho -substituted benzoic acids and the ethyl ester of pivalic 
(trimethylacetic) acid might lead to an explanation of the abnormal 
behaviour of the former series of esters ; unfortunately, the amount 
of pivalic acid at our disposal w as very limited, and we have not 
been successful in obtaining a sufficient quantity of the ester in 
the required state of purity. 

It has been pointed out (this voL, p. 252) that the curves showing 
the relation between the velocity constant and the percentage 
composition. of the solvent are divisible into four linear phases 
which intersect at such percentage compositions aa agree with 
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staple alcohol-water complexes. These complexes exist it mav 
be supposed, not only at one definite composition of the solvTnf 
but also at any pomt of the phase as a dynamic equilibrium btaweei 
the complex and one of the pair of solvents. An abrupt transition 
from phase to phase rs not suggested and still less tha? the XZ 
mtemeta at a point, but rather that there is a gradual charLe 
extending over perhaps as much as 2 or 3 per cent on either ride 
of the theoretical point of intersection. It appears to us impost 
to be more precise if we take into consideration the limited Lmb r 
of solvent mixtures that have been examined and, further the 
degree of accuracy with which the measurements have been m^de 
If the assumption, that the peculiar nature of these curves is 
due to the existence of simple complexes between ethyl alcoho 
and water, be correct, then confirmatory evidence may be ex, 
from measurements of the physical properties of eiyl alcohd^ 
water mixtures The evidence available is mainly from measul 
meats of the refractive index, dielectric constant, heat of dilution 
freezing point curve, and viscosity. This evidence is by no meuM 
consistent when even one physical property is under examinaC 
and If we take into consideration the effect of temperature the 
inconsistencies are veiy marked ^ ^ 

Asummaiyis appended of the various complexes which are believed 
OCX, St and the measurements from rvhich their existence is deduct 
In some cases it has been necessary to plot the values given a^d 
calculate the points of discontinuity, so all measurements are referred 
to alcohol-water mixtures e.xpressed as percentage by weight 

Per eenf,. ° 


Per cent, 
alcoljol. 
80 


Suggested complex. 

5CjHj OH,3HjO or 3CjH5 0H,2Hj0 


60 

56 

46 

38 ca. 
30 


C,HsOH,K,0 

3C,Hs*0jr,5H,0 

C„Hs0H,2H,0 

CaHj-OH^eHad 


^reasurement.* 
Dielectric constant, via- 
cosily, refractive index. 
Dielectric constant. 
Refractive index. 

Freezing point, visco.sity. 
Dielectric constant, den- 
^ sity, viscosity. 

Viscosity. 

Dielectric constant, heat of 
dilution, freezing point, 
viscosity, 

k..., '*• 

(T., 1894, 65, 1015): viscositv lecc Jl, freezing point 

®. ». E 

due to the formats f "I our curves are 

of the Comdex c r-olaS 

P*ex OjHj 0H,3H,0 is very strongly indicated in most 


• Meledno consiant {Z. phjM. Chan.. 
*«a/cn. lS6fi 1 QO loi rt-;. . . ' 
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of the physical measurements, but from our determinations of the 
velocity of saponification of esters at 30“ we have found that there 
is no evidence for the cxisteiice of such a complex. 

The influence of temperature on these complexes has been studied 
but little, except in the case of viscosity measurements, and here 
conflicting results have been obtained. Traube (J5er., 1886, 19, 
871) states that as the temperature is raised from 0“ to 20° the 
maximum moves from 41 to 46 per cent, of alcohol and that a 
further rise of 10® causes no change in the maximum. Arrhenius 
(Z. physikal Clicm., 1887, 1, 285) states, however, that as the 
temperature is raised from 0° to 55® there is a change in the 
maximum from 36 to 50 per cent, of alcohol. These results are in 
strong contrast to those of Dunstan and Thole (T., 1909, 95, 1559), 
who find that the maximum is constant over a wide range of tem- 
perature but tends to become less pronounced. 

In order to obtain information as to the persistence of these 
complexes at definite points, we have examined the velocity of 
reaction between the ethyl esters of certain acids and potassium 
hydroxide in ethyl alcohol-water mixtures over a range of 30°. 

The choice of esters which could be examined over a range of 
30° was limited by considerations of accuracy and the time necessary 
for about 60 per cent, of the ester to be saponified. It was con- 
sidered that the same esters need not be examined both at 15° 
and 45° in order to give results which are comparable, as it has 
been found that the nature of the ester is without influence except 
in the case of tlie ethyl esters of the ortho- substituted benzoic acids. 

Experimental. 

The determination of the velocity constants was caixied out in 
the manner described in Part I, and the results are shown in Tables I 
and II. 

Table 1. 


Ethyl n-butyrate (b. p. 118°). Temperature 30°. 


Per cent. 



Limit 


alcohol. 

t’KOH- 

'’ester- 

k. 

kt 

95 

0 0(3207 

0 03333 

0-0715-0-a73 

0-0725 

90 

0-06429 


0116— 0-123 

0-118 

85 

0-03900 

0-02222 

0-1.50— 0-159 

0-153 

82-5 

0-03750 


0-185—0-200 

0-190 

80 

0-04170 


0-21—0-23 

0-215 

70 

004442 


0-24 0-20 

0-25 

00 

0-03909 


0-32—0-345 

0-33 

50 

0-01585 

00111 1 

0-51 -0-53 

0-52 

0-625 

45 

O-Ol 053 

0-00741 

U-OO— 0-03 

40 

0-01142 

000067 

0-72—0-7(3 

0- <35 

35 

0-01(342 

0-00833 

0-85— 0-87 

0-86 

30 

0-01053 

0-00444 

O-Oo— 1-05 

1-00 

25 * 

0-01385 

U-00007 

1-4-1-6 

1-50 

20* 

0-00023 

0-00347 

1-95— 2-08 

2-05 
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Table II. 


Ethyl 

per cent. 

7i-heptoate (b. p. 95°/35 mm.). Temperature 30°. 

Limit 

alcohol. 

Ckoh- 

t^erter* 

k. 

k. 

95 

0-06267 

003333 

0*079'-0*083 

0080 

dO 

0-03898 

0*02222 

0*124—0*134 

0-128 

85 

0'04016 


0*169— 0-182 

0-174 

83-5 

0*04326 


0*19.5—0*202 

0-200 

80 

0*04170 


0*215— 0*230 

0*225 

70 

0*04130 


0*265—0*285 

0*27 

60 

0*05012 


0*30—0*32 

0-31 

.70 

0*01585 

0*01111 

0-43.5—0*46 

0-45 

45 

001766 

000833 

0*50—0*54 

0*51 

40 

0*01287 

0-00667 

0*57 — 0-60 

0*59 

35 » 

0*00536 

0-00267 

0*70—0-82 

0*80 

30* 

0-00326 

0*00144 

1*02— Ml 

1*06 


The preparation of a standard solution of both these esters in a 
solvent marked * was found to be difficult ; the volume of solvent 
required for 0*2 gram of the ester was so large that the distinction 
between fine suspension and true solution was not always appre- 
ciable. The results from two determinations of the value of k 
are recorded, but it is felt that these values should be used only 
as an indication of the direction of the curve. The critical points, 
determined from a study of the curves and also by mathematical 
analysis, are shown in Table 111 : 

Table III. 


Kster. Critical points ({>er cent, of alcoJjoI) at 

Etliyln-butyrate 80-7 30 r, a. 

,, n-heptoate 80 G GO O — 


These values show that the esters of the .simple aliphatic acid.s 
give percentage compositions for the critical points which correspond 
closely with those previously obtained vith other esters. 

A noticeable feature in the results is that ethyl 7 ?-heptoate is 
saponified more rapidly than ethyl 77 -butyrate in a soh'cnt con- 
taining more than 60 per cent, of alcohol. The difference in velocity 
IS not large, but it persists in every measurement and is greater 
than could be accounted for by experimental error. This is a 
reversal of what might be expected from a consideration of the 
results obUined by Reichcr (/tiinalcn, 1885, 228 , 283), who studied 
the velocity of saponification of the etliyl esters of some of the 
lower members of the aliphatic acids with sodium hydroxide in 
aqueous solution and found that k diminished witii increasing 
kngth of the carbon chain (Table IV’a). 
fn a solvent containing loss than 60 per cent, of alcohol ethyl 
utyrate is saponified more rapidly than ethyl u-heptoate, and 
Jsthus in accord with Reichcr s result?. 
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Table IVa. Table IV6. 

Por cent.. fcao^. 

Estor. alcohol. n-Biityrato. n-Heptoate. 

Ethyl acetate 3-22 95 0-0 7 25 0*080 

„ propionate 2*82 90 0*118 0*128 

„ butyrate l 8^ 0*153 0*1 ;4 

„ {flobutyrato I'Tl 82*5 0*190 0-200 

„ isovalerate 0*62 80 0*215 0*22,5 

„ benzoate 0*83 70 0'2.j 0*2/ 

60 0*33 0*31 


The Injluence of Temperature. 

The esters chosen for examination at 15'^ were ethyl o-chloro- 
benzoate, ethyl ^-chlorobenzoate, and ethyl n*butyrate; and at 
45°, ethyl o-iodobenzoate, ethyl jj-toluate, and ethyl iwbutyrate. 



In each case there is a representative aliphatic and aromatic estr 
and also an ester of the abnormal ortho-substituted aromatic type. 
The measurements at 15° were carried out exactly in the raaniit' 
described for those at 30°. The thermostat was regulated fi 
d: 0-05° by an Ostwald typo of regulator or by a regulator admittiiii 
ice-cooled water to the thermostat. 

The procedure in making the measurements at 45° had to bi 
modified, as it was feared that appreciable changes in the com 
position of the solvent might occur if the flask were opened som( 
ten or eleven times during the course of the reaction. Therefon 
the reaction mixture was made up and kept at 15° or sligiitly 
below this temperature and 10 c.c. of this mixture were trandemd 
to a 30 c.c. conical flask previously immersed in the thermostat, 
imd the flask was immediately stoppered. The commenccmcid 
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the reaction was assumed to be that time at which delivery was 
oade into the flask. The division of the reaction mixture into two 
portions gave a maximum time of four minutes between mixing 
and transference to the thermostat. A blank experiment showed 
that 10 c.c. of the reaction mixture run into the previously warmed 
flask attained a temperature of 45° in thirty seconds after delivery 
from the pipette. The small flasks were removed from the thermo- 
stat, acid was run m to within about 0-5 c.c. of the end-point, and 
then the titration finished. 

The possible errors arising from this method of calculating the 
commencement of the reaction may influence the actual value of 
(he constant to a very slight extent, but it was found that the 
constants as determined from ten experimental flasks were in closer 
agreement with one another than in the measurements at 30° 
.and comparative experiments gave deviations, from a mean value’ 
of about ± 2 per cent, actual. ’ 

The results are shown in the following tables (V--XII) and 
in the curves : 

Table V. 


Per rent, 
alcohol. 
90 
S«‘) 
SU-o 
SO 
70 
GO 
60 
46 
40 
36 
32-5 
30 


Ethyl ?j-butyratc. Temperature 


^KOH. 

0-04098 
0-04051 
0-05180 
0-04287 
004240 
0-03962 
0-04270 
0 04238 
0-04847 
002108 
0- 02329 
0-02787 
0 02492 
0-02564 


^eater- 

T5mit 

h. 

k. 

0-02222 

0-0276—0-0286 

0-0283 


0 0388- -0-041 2 

0-040 


0-0438—0-0460 

0-045 


0054-41-060 

0-055 

>> 

0-078 -0 081 

0-079 


0-107—0-114 

0-110 

• ' 

0-167— 0-176 

0-172 


0-209 -0-220 

0-214 

0-01333 

0-243— 0-250 

0-245 

0-355 — 0-375 

0-3G5 

001044 

0-41- -0-43 

0 415 

0 01333 

0-44- 0-475 

0-465 

O-OlllI 

0-755—0.78 

0-77 

•> 

1-04-Ml 

1 06 


Per cent. 
aleolioL 
90 
8.) 
82-5 
SO 
70 

GO , 

50 

45 

40 

35 

30 


Table Vf. 

Ethyl p'ohlorobenzoate. Temperature 15^ 


eivOH* 
0-06592 
0(16436 
0-06205 
0-06020 
007036 
0-05800 
0-047 19 
0-05045 
0-04163 
0-01681 
0-01764 


0-03333 


0-02222 

0-03333 

0-02222 

0-01333 

0-00500 

0-00667 


Limit 

0-044—0-046 

0060— 0-063 

0-072—0073 

0.075-0-077 

0-096— 0-104 

0-119 -0-124 

0-!()2— 0-171 

0-189—0-195 

0-216—0-230 

0-30—0-324 

0 - 41 — 0-425 


0 045 
0-0615 
0-0725 
0-0705 
0-098 
0-120 
0-106 
0-193 
0-220 
0-31 
0-42 
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Table VII. 


Per cent, 
alcohol. 
90 
85 
82-5 

80 

70 

(>0 

.50 

45 

40 

35 

32-5 

30 

25 

20 


Ethyl o-chlorobenzoate. 


CKOH- 

0-06592 003333 

0-06436 „ 

006265 » 

f 0-05871 
\ 0-06035 
0-07036 

0-05890 » 

0-04719 

0-05045 

0-04163 0-02222 

002241 0-01111 

0-01757 0-00688 

0-02787 0-01111 

0-00393 0-00192 

0-00343 0-00167 


Temperature 15°. 


Limit 

k. 

k. 

0-032—0-033 

0-032 

0-0385— 0-0395 

0-039 

0-0415—0-043 

0-042 

0-0515—0-054 

0-053 \ 

0-044—0-046 

0-045 f 

0-044^-046 

0-0455 

0-048-0-0495 

0-049 

0-064—0-068 

0-067 

0.081—0-0845 

0-0825 

0-091— 0-0945 

0-092 

0-131—0-142 

0-134 

0-158—0-170 

0-162 

0.1 88-^0- 195 

0-192 

0-355—0-380 

0-37 

0-515—0-540 

0-535 


» It will be noticed that two values arc given for the constant obtained 
with a solvent containing 80 per cent, of alcohol. Both results have been 
confirmed. This peculiar behaviour 1ms been observed also m the case of 
ethyl o-bromohcn7.oate in the same .solvent at 30°. 


A consideration of the results given in Tables V-VIT, together 
with the curves, shows that the general character of the curves, 
for the same esters, is the same as at 30“. At the latter tern- 
peratnre, a phase exists from 40 to 60 per cent,^ of alcohol, but 
below 40 per cent, the curve swings slowly up to S.o per cent, and 
then more steeply to 30 per cent, of alcohol. It is found that at 
15'’ there is between k and the composition of the solvent a linear 
relationship existing between 40 and 30 per cent, of alcohol which 
has been confirmed by a determination at 32-5 per cent, of alcohol. 
Thus at 1.0'’ the evidence, seems to point to the existence of the 
following complexes : 

Table VIII. 


Ester. 

Ethyl n-butyrate 

„ p-chlorobcnzoato 
„ o-clilorobenzoatc 


(Vltieal points (peronnt. alcohol) at l.V. 

80- 2 59 39-5 30 

81- 5 58 38-7 

80-5 62-5 38-6 30 


The values found for the critical points are substantially thObC 
found at 30° with the addition of the point at 39 per cent, of alcohol. 
This composition of the solvent corresponds rvith a complex 
C,H 5 - 0 H, 4 H 20 , the probable existence of which has been predicw 
from viscosity measurements. _ 

A consideration of the results given in Tables IX— XI, togetwr 
with the curves, shows that the general character of the curves is 
same for the same esters at 45° as at 30°. A marked dissimilsrity 
occurs, however, in that at 45° there is one phase only between 
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Table IX. 


P^r cent, 
alcohol. 

Ethyl tsobutyrate. Temperature 45^. 

Limit 

CKOa- <^e»ler- 

h. 

90 

0-04093 

0 02222 

0-126-^0-137 

0-134 

85 

0-04240 


0-191—0-197 

0-195 

S2'5 

0-03971 


0-212-^-225 

0-217 

80 

0-0409.3 


0-240—0-254 

0-252 

70 

0-03380 

0-01067 

0-306— 0-330 

0-32 

GO 

0-02407 

0-01333 

0-30—0-38 

0-37 

.70 

001437 

0-00007 

0-62— 0'67 

0-04 

47-5 

0-01300 


0-75 —0-77 

0-70 

45 

0-02712 

000391 

0-795— 0-85 

0-82 

40 

35 

0-01182 

0-9.5— 1 07 

1-00 

0-01200 


1-20—1-34 

1-20 

30 

0-00020 


1-50—1-0.3 

1-57 


000312 

0-00107 

2-25— 2'30 

2-3 

Per oonL 
alcohol. 

Ethyl p 

'’koh- 

Table X. 

toliiate. Temperature 4.5'", 

Limit 

A’. 


90 

0-04135 

0-02222 

0-0815— 0-0848 

0-083 

85 

0-04093 


0-098—0-102 

0-100 

82<5 

0-04029 


0-107—0-113 

O-llO 

SO 

003980 

,, 

0-127—0-133 

0-130 

70 

0-03980 


0-104—0-170 

0-108 

GO 

0-03518 

0 01607 

0193— 0-198 

0-190 

50 

0-02G35 

()01333 

0-234— 0-243 

0-238 

47-5 

0-02017 


0-277— 0-295 

0-285 

45 

0-02712 


()-321— 0-330 

0-328 

40 

0-02810 

0-01 III 

0-333—0-342 

0-.3.3li 

35 

0-01509 

0-00750 

0-455— 0-480 

0-405 

30 

0-01549 

0-00007 

oi>4~ons 

0-05 

Per cent, 
alcohol. 

Table XT. 

Ethyl o-iodobenzoate. Teni])erature 4")^. 

Limit; 

^^KOH- resjer. t*. 

1:. 

90 

003870 

0 02222 

0100—0167 

0-163 

85 

0-03840 


0178—0183 

0-180 

82-5 

0-03369 

0-02500 

0-181—0-185 

0-183 

80 

0-03220 

0-02222 

0-18.5—0-194 

0-190 

70 

0-04412 

0-02500 

0-220— 0-229 

0-222 

00 

0-03318 

0-01818 

0-24()— 0-250 

0-250 

50 

0-03542 

0-02045 

0-265— 0-27.3 

0-270 

47-5 

0-02617 

0-01607 

0-294—0-301 

0-296 

4.5 

003662 

0-02045 

0-340—0-350 

0-345 

40 

002214 

0-00818 

0-35—0-37 

0-36 

35 

0-01653 

0-00750 

0-47— 0-485 

0-48 

30 

0-00975 

000432 

0-055— 0-085 

0-675 


50 and 80 per cent, of alcohol and then a marked break occtira 
between 15 and 50 per cent, of alcoliol. Tins break lias been 
confirmed by a determination in a solvent containing 47-5 per cent, 
alcohol. 
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It would appear from these determinations that at 45^^ the 
following complexes may exist : 

Table XIL 

Critical points (per cent, alcohol) at 45“. 
81-2 47 30 ca. 

81-5 45-7 

81-2 45*7 

The critical point at about 80 per cent, of alcohol is in agreement 
with the values found at 1 5° and 30 . 

The point of intersection occurring at 59 per cent, of alcohol 
{62-5 per cent, of alcohol in the case of the ortho-auhstituted 
aromatic esters) at 15° and 30“ has disappeared at 45“ ; the two 
phases which intersected at this point at the lower temperatures 
did not differ greatly in slope, yet the point of intersection occurred 
within a range of 2'5 per cent, and persisted for a large numter ot 
esters. As a result of the order in which the various measurements 
were made, a similar change in direction in the curve was expected 
at 45°, since the values of k in 80, 70, and 60 per cent, alcoliol were 
found ’to lie on a straight line and the values of k in 60, 45, and 40 
per cent, alcohol were found to form a second straight line, hi 
order that a point of intersection .slumld occur at 60 per cent, of 
alcohol, it would be necessary that the value ot k in 50 per cent, 
alcohol should lie on the second straight line, whereas it was found 
that, on extrapolation, the first line pas,sed through this value 
of h This unexpected result was confirmed by check determinationr 
and by a determination ot k in 47-5 per cent, alcohol; a marked 
break in the curve has been discovered at 46 per cent, of alcohol. 

The complex rc|)resented by the composition 46 per cent, akolinl 
would be CjHr-OH.SlIaO, a' complex for the existence of which 
exceptionally strong evidence is available. The appearance of this 
complex has led to a reconsideration of the results at 15° and 30° 
to see if such a break in the curve has been missed, but it was 
found that the change in direction at 59 per cent, ot alcohol 
would tend to mask any peculiarities at 46 per cent, of alcohol b 
such an extent that they would be accounted for as experimental 

'"Tconsideration ot the values obtained for the critical points 
at each of the three temperatures shows that only those points 
occurring at 80 and 30 per cent, of alcohol persist over the range 
of 30°. and are equally well marked at the higher as at the lower 
temperature. The complex represented by the composition 30 per 
cent, of alcohol must exist over a wide range of temperature, sine 


Ester. 

Ethyl ‘isobutyrate • ■ 

„ p-toluate 

o-iodobeiizoate 
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its existence is deduced from the freezing-point curve for alcohol 
water mixtures, and such a mixture has a freezing point of 
about - 20^ 

Xhe critical point at 62*5 per cent, of alcohol is peculiar to the 
ortho-substituted aromatic esters and is very well defined at 15'^ 
and SO'’, hut is not apparent at 45®, which would seem to indicate 
that the complex 2C2Hg'0H,3H20 is not capable of existing at a 
temperature approaching 45®. 

There are two possible complexes, .SCalls'OHjoHgO and 
C H5'0H,2H20, which could exist within the compositions 60*5 
and 56 per cent, of alcohol, and the slight change of slope in the 
curve at 15® and 30° renders a decision very difficult ; the results 
iji this work seem to indicate the first possibility, and other physical 
measurements the second. It is evident, however, that the 
stability of these complexes is not great, since at 45° the curve 
shows no break or change of direction. 

The complex C2Hg*0H,3H20 is apparent only at 45® in these 
measurements possibly on account of the reasons given previously, 
but the evidence from other soiirees leaves little doubt that this 
complex is stable over a wide range of temperature. 

A study of viscosity data shows that a rather indefinite complex 
of the composition C2Hg'0H,4(5)H20 exists at 25®, and the curves 
seem to confirm the existence of such a complex at the temperature 


of 15°. 


Sutnvmr}/. 


1, The curve showing the relation between the value of k and 
the percentage composition of the solvent is divisible into a series 
of straight lines. 

2. The points of intersection of these straight lines occur at such 
compositions of the solvent as correspond with simple alcohol- 
water complexes. 

3, Six alcohol-water complexes seem to be indicated by the 
results, the compositions being SCgHg-OHjSH^O, 2C9H5*0H,3H20, 
3C2Hg‘0H,5H2O, C2H5-OH,3HaO, C2H5-0H,4H20, and 

4. The complex formed does not depend on the nature of the 
ester except in the case of the ortho-substituted aromatic esters, 
where a complex, 2C2Hg*0H,3H20, appears to be formed in pre- 
ference to the complex 3C2H5*0H,5H20. 

5, The stability of a complex appears to be dependent on the 
temperature, since the complex CjHg'OH,4HoO is not observed at 
30° and the complexes SCaHg-OIMHgO and" 2C2H5-0H,3H20 are 
not apparent at 45®. 

6. The temperature coefficient is dei>cndciit on the comjxrsitioii 
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of the solvent, falling steadily as the percentage of water is increased 
until a minimum value of 2 per 10° is reached. 


The authors wish to express their thanks to Mr. A. E. Cashmore 
for undertaking tlie measurements with ethyl o-iodobenzoate and 
also for numerous conlirmatory measurements, and to the Govern- 
ment Grant Committee of the Royal Society for a grant which has 
helped to defray the expenses of chis work. 
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CCLXXX.— y/ie CondilitUon of Carbamides. Part XIV. 
The Decomposition of Urea by Sodium Hypobromik 
in Alkaline Solution, and an Improved Procedure 
for the Estirnatm of Urea by this Means. 

By Emil Alfhoxse Werner. 


When urea is decomposed by ‘alkaline hypobromik,’ under 
the conditions usually adopted, it is well known that the change 


represented by the eq[uation 

(1) CON^H^ h 3NaBrO + 2NaOH - 


J- Na 2 C 03 + 3NaBr + SH^O, 


is not quantitatively realised in practice. 

A deficiency, roughly of S per cent., in the volume of nitrogen 
evolved was the first failing recognisi^d. 

Fenton (T., 1878, 33, 300; 1879, 35, 12) and Foster (T., 1879, 
35 , 120) showed that this was due to the fixation of a portion of 
the nitrogen as alkali cyanato during the progress of the reaction. 
Fauconnier {Bull Soc, chim., 1880, [ii], 33, 103) directed attention 
to the formation of a small amount of nitric acid during this decom- 
position of urea. Luther {Z. physiol Chem,, 1889, 13, 500) claims 
to have shown that from 3 to 4 per cent, of the nitrogen was oxidised 
to nitric acid when urea ^yas decomposed by an excess of barium 
hypobromite. From the results recorded in the present paper, it 
is certain that this amount of nitrogen was not ‘ fixed ’ as nitrate 
when urea was decomposed by sodium hypobromite in alkaline 
solution. 

Whilst Krogh {Z. physiol Ckem., 1913, 84, 379) noted the presence 
of carbon monoxide as a jirorliict of the reaction, Hurtley {Biochm^ 
J,, 1921, 15, 11) showed that the gas evolved from a 2 per cen . 
solution of urea, wdien attacked by ‘ hypobromite of the usua 
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strength, contained on an average 0*7 per cent, of carbon monoxide, 
gliice this approximately compensates for the nitrogen fixed as 
nitrate, it is obvious that, so far as the estimation of urea is con- 
cerned, the formation of alkali cyanate is the chief disturbing 
effect in the reaction. 

Considering the numerous investigations which this decom- 
position of urea has called forth during the last forty years, it 
is curious that no attempt has hitherto been made to determine 
directly the volume of nitrogen fixed during the reaction as alkali 
cyanate, The fact that the formation of the latter has not received 
the full attention it deserves — particularly from continental in- 
vestigators — is no doubt responsible for this important omission. 

It is obvious that, since a cyanate is produced, neither the amount 
of carbonate formed nor the amount of ‘ hypobroraite ’ destroyed 
could give a result in agreement witli the requirements of the above 
equation (1). Dekeuwer and Lescoeur [Cojupi. rend. Soc. Biol., 
1919 , 82, 445), apparently without considering this point, have 
confirmed the fact by direct experiments, whilst Brahm {Chem. 
'Icntr.. 1919, iv, 442) advocates the rejection of all methods for 
the estimation of urea which are based on its reaction with ‘ alkaline 
hypobromite.’ 

Tlie author is not prepared to go so far, since the following pro- 
cedure has been found to give almost theoretical results. 

Two operations being necessary, a nitrometer is the most con- 
venient form of apparatus to use. 

The solution of urea is added in the usual manner to a small 
excess of ' alkaline hypobromitc ’ contained in the nitrometer. 
Mtcr about twenty minutes the volume of gas evolved, having 
been carefully recorded, is expelled from the nitrometer, iSulphuric 
acid (1 in 5 of water) is now added to the residual liquid until the 
latter, after careful mixing, si lows the permane}it presence of free 
bromine. The carbon dioxide liberated from the solution by this 
treatment must not * be expelled from the apparatus. After 
fifteen minutes, to allow for hydrol 3 ^sis of the cj^anic acid set free, 
in accordance with the change 

(2) NaOCN 4- Efi 4- 2HX - m^X 4- NaX 4- CO 2 , 

odium hydroxide solution (30 per cent.) is added in excess. Whilst 
Ms regenerates ' hypobromitc ’ from the free bromine present, 
t is nevertheless advisable to add a small quantity of the reagent 
0 the re.sidual solution. After complete absorption of the carbon 

During Iho process of adding the acid, and nii.xing the solution, reactions 
-)and (3) take place to a BinuU extent, and lienee there is loss of some nitrogen 
f the gas is expelled. 
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dioxide, the volume of the gas produced, aa a result of the 
reaction 

( 3 ) 2 NH 4 X + SNaBrO + 2 NaOH -= N 2 + 3NaBr + 2NaX + SH^O, 

is added to the volume of nitrogen recorded in the first stage. In 
the table of results given below, the two stages are referred to as 

(a) and (h) respectively. 1 x 00 ^ at 

In each case O-OG gram of urea was used, equal to 2^-4 c.c. \ at 

N.T.P. 


Table I. 


Urea 

Expt- per cent. 
1 1 

2 2 

3 

4 t> 


(«) 

20-44 
20-48 
20-52 
20- 10 


of gag at N.T.P. 


i’ercentage of total 

(fe). 

Total 

N. in urea. 

1-84 

22-28 

99-46 

1-88 

22-36 

09-82 

1-82 

22-34 

90-75 

2-30 

22-40 

100-00 


Allowing for the presence of a small quantity of carbon monoxide 
in the gas evolved in stage (o), it is evident from the above results 
that the amount of nitrogen fixed as nitrate, cannot be more than 

LesIioTarises : Can the formation of cyanate be suppressi-d ! 
Duesan IJ Amer. Chem. Soc., 1882, 4 , 47) obtained volumes of ga., 
assuU to be pure nitrogen, varying fmm 99-02 to 99-91 per cent, 
of the theoretical, by generating the hypobroimtc situ h 
La Le Comte (J. Pharm. CUm., 1903, [vi], 17 , 471) claims to 
have obtained all the nitrogen of urea by a similar procedure. 

The folloaving results were obtained when the method proposed 
by DuSan was completed by the addition of the second stage. 
iLaehexperiment 0-06 gram of urea was di.ssolved m -0 pei cent, 
sodium hydroxide solution, after which bromine was added m 
amount as recommended by Duggan. 

Table II. 

C.c. of gas at lY.T.U. 

(a). (?>). Total 

21-81 0-82 22-63 

21-54 0-89 22-43 

21-63 0-95 22-08 

^ 21-87 0 66 22-o3 

Whilst the formation of cyanate is considerably 
the ‘hypobromite’ is generated in the alkaline “lut.on of >ira, 
the reaction under such condition is extremely 'lo ■ 

obserLm agree on the point that excess of alkali promotes h 
dwompositifn of urea by hypobromite, and Krogli and HA 
(ioc. cif.) showed that the volume of carbon monoxide 
increased with the alkalinity of the reagent. 


Expt. 

1 


Urea 
per cent. 

0- 5 

1 - 0 
2-0 
3-0 


Percentage of total 
N. in urea. 
101-0 
100-1 
100-8 
100-5 
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The excess of gas over the theoretical value for nitrogen in the 
j^{jove experiments was due to this fact. 

fhe Decomposition of U rea hy Alkaline Ilyjyohromite in the Presence 
of De:rirose, 

Mehu {Cornpt. rend.^ 1879, 89, 175) claimed that all the nitrogen 
of urea was evolved when the decomposition by ‘ alkaline 
liypobromite ’ was effected in the presence of dextrose. Supported 
by the fact that the sugar alone docs not evolve any gas when 
mixed with the reagent, Mehu’s procedure has been adopted in 
certain quarters for the estimation of urea, on the assumption 
that dextrose enhances the evolution of nitrogen. The following 
results clearly prove that it does nothing of the kind. 

Pure dextrose was added to 0*06 gram of urea in 3 c.c. of waterj 
after which an excess of alkaline * hypobromite was added, the 
experiments being completed by the addition of the second stage. 
Theoretical yield of — 22*4 c.c. at N.T.P, 


Table III. 


Expt. Urea. 

C.c. 

Dextrose. (u)- 

of gas at A’.r.P. 

(6). Total. 

Percentage 
of total N. 
in urea. 

1 0-06 

nil 

20-42 

1-84 

22-20 

99-37 

2 

00t> 

20-88 

I-OO 

22-84 

101-96 

3 

012 

21-34 

1-9.3 

23-27 

103-88 

4 

0*18 

21-92 

1-97 

23-89 

100-05 


0-24 

22-34 

1-92 

24-20 

108-30 

It will be seen that 

w^hilst the addition of dextrose 

leads to a 

proportionate 

increase 

in the volume of ga.s 

set free : 

in the first 


stage, its presence has practically no effect on the volume of gas 
liberated in the second stage. Therefore, since dextrose does not 
prevent the formation of cyanate, it cannot ^Dromotc evolution 
of nitrogen which is fixed from this cause during the primary re- 
action. The gradual increase in the volumes of gas under (a) was 
due to carbon monoxide, the presence of which was proved by the 
usual tests for this gas. Whilst it is true that no carbon monoxide 
was evolved when alkaline hypo])romite was added to dextrose 
alone, that is, within a reasonable lapse of time, tliis gas was always 
generated in appreciable quantity when a .salt of ammonia was 
decomposed by the reagent in the presence of dextrose. This is 
an interesting point, since more or less cyanic acid is formed, as a 
result of the reaction 

(4) CO 4- Nlf , + 0 = nh:co -f H^O. 

* Since oxidation of the sugar gives ri.so to tiuieli carbon dioxide, the 
absorption of this gas was ensured by adding a little extra alkali. 

VOL. CXXI. 4 K 
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By means of the method adopted for stage (6), the amount of 
cyanic acid generated in this way was easily determined. 

The results given below were obtained by adding an excess of 
alkaline hypobromite to 0-0535 gram of ammonium chloride, and 
the stated amounts of dextrose, dissolved in 3 c.c. of water. A 
control experiment with tlie ammonium salt alone was made for 
comparison, since the theoretical yield of nitrogen was not evolved, 
on account of the fixation of a portion as mtrate. Theoretical 
yield of Ng = 11*2 c.c, at ^.T.F. 


Table IV. 


NNAi- Dcxtro.se. 

C.c. 

(0). 

of gas at N.T.P. 

[b). Total. 

Calculated 
on pereentape 
of nitrogen in 

NH,C1. 

O' 05.1 -5 

10' 95 

no gas 

10'95 

97-76 

003 

10-5S 

0-80 

11-38 

101-60 

”, 000 

10'35 

1-29 

11-64 

103-96 

009 

10-22 

I'ST 

1209 

107-94 

” 012 

1011 

2-13 

12-24 

109-28 


When compared with the resalts given in Tabic III, it will be 
seen that in spite of the fact that the gas evolved in stage (a) con- 
tained carbon monoxide (except experiment 1), the volume of 
gas diminished as the ]u>oportion of dextrose was increased. The 
results of stage (6) prove that this was due to the relatively large 
proportion of nitrogen fixed as cyanate in accordance -rtith equation 
(4). In the case of experiment 5, for example, 18'99 per cent, of 
the theoretical yield of cyanic acid was generated during the decom- 
position of the ammonium salt in the presence of the stated amount 
of dextrose. If the reaction un(](?r consideration is essentially an 
oxidation change, this result goes to show that a strong tendency 
must exist towards the realisation of ecpiation (4). On the other 
hand, since alkaline hypobromite must act as a brominating agent 
as well, the fonnation of cyanic acid in the manner 

CO + NH. 2 Br + NaOH COiNH 4“ NaBr -f Efi 
must not be overlooked. 

Any compound capable of yielding anunonia during its decom- 
position by ‘alkaline hypobromite’ would obviously tend to 
generate cyanic acid in the presence of dextrose. On comparing 
the values for stage (6) in experiments 1, 2, and 3 (Table I), vith 
those in Table III, it will be seen that, all other conditions being 
equal, or nearly so, the proportion of nitrogen fixed as cyanate 
was distinctly higher when dextrose was present. Thus m thb 
respect the sugar exerts a function the very opposite of that whic 
it has been supposed to possess. 
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Considering that any easily oxidisable carbon compound is liable 
to give more or less carbon monoxide by the action of ‘ hypo- 
bromite/ the discordant results which have been obtained in the 
estimation of urea in urine by this method are not surprising. 

An example of the results obtained with a sample of normal 
urine, when stage (6) was applied, is given below. 

i. Urine (3 c.c.) added to excess of ‘ hypobromite.’ 

B, Hypobromite in excess added to urine. 


Vol. of ga.s at K/P.P. 

Total. 

A. (a) = 21-90 c.c. (6) = 2-8!) c.c. 24-70 c c 

i?, (rt) - 21-08 „ (6) = 2-82 „ 24-r)0 


Urea per cent. 
2-21 
2-18 


Comparing the results with those for a 2 per cent, solution of 
urea (expt. 2, Table I), it i.s found that whilst with urine the ratio 
of nitrogen fixed as cyanatc to nitrogen evolved in stage {a) is 
1 : 7-57, it is 1 : lO'SO in the case of the plain urea solution. Whil.st 
Hiis difference has been confirmed by a mimber of experiments 
the fact is merely recorded here. Its significance wiU be dealt 
with on another occasion. 


Urea and Hupobrotnife. Solution. 

Sixteen grams of bromine were added to 50 c.c, of 4.V.sodium 
hydroxide solution cooled to 0" ; 15 c.c. of the solution were added 
to0‘06 gram of urea in 2 c.c. of water contained in the nitrometer. 
iSo gas was evolved after the mixture had remained for five minutes. 
On the addition of 2 c.c. of sodium hydroxide solution (20 per 
cent.), therc^ was an immediate brisk evolution of gas equal to 
12'1 c.c. at ^ .T.P. The yellow colour of the solut ion was destroyed 
and excess of urea remained. Had sodium hypobromite been 
formed in theoretical yield according to the equation 2XaOH -h 
Br^ = NaBrO -f XaBr + H/), 1-5 c.c, of the solution, after 
addition of alkali, would have sufficed to decompose the whole 
of the urea taken. The result shows tliat only slightly more than 
0 per cent of the theoretical amount of ‘hypobromite’ was 
tornied. The e.stimation of tJie latter bv the addition of an excess 
of urea IS a more accurate proee.ss than the reverse operation, since 
the only source of error is due to the small amount of carbon- 
monoxide evolved. 

Suteeu grams of bromine were addeii to oO c.c. of S.V-sodium 
Hydroxide soiution, tliat is, to give XaiirO : 2XaOH ; 2 c o of the 

Z Tr'" ' u’'" o'®" fiecomposo 0 06 gram of 

obtained were: .stage (u) =. 19-9 c.c., stage 

u “ of f'o tiieoreticai. 

«S whilst an excess of alkali is necessary to promote the form- 

4 K 2 
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ation of the theoretical yield of sodium hypobromite as represented 
in the above equation, it is also essential to initiate the decom. 
position of urea. Neutral ‘ hypobromite ’ does not liberate 
nitrogen from urea in the cyclic form. A change to the conflgur. 
ation HN;C( 0 H)*NH 2 must precede the decomposition, which is 
no doubt the result of bromination, hydrolysis, and oxidation* 
following each .other with such great velocity as to be practically 
simultaneous. 

When the reaction is slowed dowm, the proportion of cyanate 
formed is considerably increased, as shown by the following result, 
An excess of neutral ‘ hypobromite ’ was added to 0*06 gram of 
urea in 2 c.c. of water. No gas was evolved. Sodium hydroxide 
solution {20 per cent.) was gradually added until evolution of gas 
ceased, 

Rosult : («) = 15-74 c.c., (6) = 6-92 c.c. at N.T.P. Total c. 
22-66 c.c., or lOM per cent, of total nitrogen of urea. Approxim- 
ately 30 per cent, of the nitrogen Avas fixed as cyanate during the 
decomposition of urea in stage {«) under the above conditions. 
The presence of carbon monoxide was responsible for the excess 
of gas over the theoretical. 

The Mechanum of the Urea-Hypobromlle Reaction, 

So far as the mechanism of this reaction is concerned, whilst 
rapid decomposition of an unstable bromourea formed in the first 
instance gives rise no doubt to the products of the main change, 
it is evident that the tendency of urea to decompose into ammonia 
and cyanic acid is a prominent feature of the reaction. The change 
in this direction is promoted by a Ioav concentration of alkali, 
whereby the velocity of the reaction is reduced. 

Schestakov’s discovery {J. Russ. Phys. Chem. Soc.^ 1905, 37, 1] 
that hydrazine is formed when urea is attacked by alkaline 
sodium hypochlorite at about 5° has led to the suggestion that 
the oxidation of this substance represents the ultimate source of 
the nitrogen in the decomposition of urea by hypochlorites, or 
hypobromites in alkaline solution under the conditions usually ; 
employed. This view is not in agreement with the fact that the 
nitrogen fixed as cyanate is greatly increased when the velocity 
of the reaction is slowed down. As a matter of fact, sodium 
cyanate wus formed in considerable amount in several repetitions 
of Schestakov’s experiment.* The evidence is in favour of the 

* With respect to the largo yield of hydrazine claimed by Schestakov, 
„tbis has never been confirnicd. Experiments made in the author’s laboratory 
gave a very much smaller quantity than that stated. This appears to have 
been the experience of others (compare Fenton, Ann, Eeporta, 190o, 2, 
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view that hydrazine is the product, of a secondary reaction. For 
this reason the author is not inclined to give the attention which 
Hartley (toe. at.) has given to its formation in explaining the origin 
of carbon monoxide during the decomposition of urea by ‘ hypo 
bromite.’ A bromourea generated in the presence of alkali could 
jhave but an ephemeral existence. Simultaneous hydrolysis and 
oxidation would complete its decomposition, according to the 
equation 

HN:C(OH)-NHBr 4- Oj + NaOH Nj + COj + NaBr'+ 2 H 2 O. 

Burhig the violent disruption of such a compound, it is conceivable 
that by-products may arise as a result of its direct decomposition 
in two dinerent directions, thus ; 


(1) HN.C{OH)‘OTBr — > (HO-CN — UNCO) -f- NHnBr. 

(2) HN;C(OH)‘NHBr — > HBr + — HN-CO-NH-v 


HyMysis of •.•HN-CO-NH-- at the moment of its generation 
would give nse to carbon dioxide and hydrazine, whilst incomplete 
oxidation would be represented by the change ••HN-CO-NH** 4- 
0 = ^2 + CO + HgO. In the case of Schestakov^s experiment, 
the formation of hydrazine from the interaction NH -{- NH Cl = 
HjH^.HCl must not be overlooked. It is during a violent reition 
that one would expect carbon monoxide to escape o.xidation. The 
facts support this conclusion. Krogh (he. cit.) found a greater 
evolution of carbon monoxide when the ' hypobroinite ’ was very 
nch m alkali, and Hurtlcy (he. eit.) showed that much Ie.ss of this 
gas was present with the nitrogen evolved from the decomposition 
of urea by a hypochlorite than by a liypobromite. 

Uki'strsity Chemical Labokatory, 

Tblnity College, Dubliv. ’ 2m. 1922.] 


CCLXXXI.-ne Ultra-filtration of Soap Solutions: 
Sodium Oleate and Potassium Laurate. 

By James William McBain and William Job Jenkin.s. 

The method of ultra- filtration as developed in the present paper 
“ independent check on data observed by otL- 
means, but also results in extensive additions to our knowledge 
cap solutions. It will be shown that quantitative information 

”>■ ">■ ■“e" 

1. The relative amounts of crystalloid and colloid pre.sent. 

■ the osmotic pressure of the solutions. 

4 K* 
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3. The hydrolysis of soap in solution. 

4. A general method of determining the hydration of colloids 
in solution. 

5. The theory of ultra-filtration. 

6. The separation of ionic micelle from neutral colloid, and 
determination of the composition of the ionic micelle and the 
diameter of the various colloidal particles. 

The subject-matter will be dealt with in the foregoing order, 
after description of the experimental method and a brief account 
of the theory involved. It will be seen that the results afford 
striking evidence in support of the theory of colloidal electrolytes. 
It is necessary very carefully to examine the experimental basis 
of all such work in view of the remarkably discordant conclusions 
of such investigators as Jacques Loeb, Pauli, Bancroft, Martin 
Fischer, Brailsford Kobertson, and ourselves. Carefully estab- 
lished data should be of permanent significance. 

The Ultra^fllter. 

The design of the ultra-filter finally employed is shown in Fig. 1, 
which is a working drawing drawn to scale. It is a development 
of Hatschek’s modification of that of Bechhold (“ Laboratory 
Manual of Elementary Colloid Chemistry,” Eatschek, 1920, p. 70). 
It was designed for use with much higher pressures than any 
hitherto employed ; it may be surrounded by a thermostat, and 
the filtrate collected out of contact with the atmosphere or carbon 
dioxide. Finally, it lends itself to testing for absence of leakage 
and determination of the size of pores in the membrane without 
disturbing the latter, merely by removing the funnel underneath. 
The filter is ^ inches in external diameter and is designed for pres- 
sures up to 900 lb. per square inch, but it was used up to pressures 
of only 500 lb. per square inch (thirty-three atmospheres) ; a higher 
pressure, such as 100 atmospheres, would be distinctly advan- 
tageous. It is made of heavily nickel-plated phosphor-bronze, and 
has a capacity of about 250 c.c., about 70 c.c. of soap solution 
being actually employed. The perforations in the filter plate 
consist of four holes, 1 inch in diameter (not shown in Fig, 1), around 
the centre hole, w^hich is half an inch in diameter. The mem- 
brane was supported on nickel gauze, and J-inch rubber washers 
were used to render the joints air-tight. A cylinder of oxygen was 
used as the source of pressure. The membranes described in the 
present paper are useless for temperatures above GO*^. 

In the early part of the investigation, the analyses of the soap 
solutions were made by titration. In later work, a Zeiss dipping 
refractometer was invaluable, since only a few drops of soap 
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solution were required for an accurate determination of the con- 
centration of the solution. All concentrations are expressed in 
terms of weight normality, referring to 1000 grams of solvent. 

Fig. 1. 


PRESSURE C/lliGE- 
BALL valve- 



rubber WASHER 


./SQUARE 
ISEeTION 
/RUBBER RfWG 
WIRE GAUZE 
l^nEMBRANE 

/PERFORATED 

\RI NG 

(RUBBER 

IRING 

V' BOLTS 


Diameter of the Porca of the VUra^fiUer. 

acid collf^lirakd , 

Wd LT employed, but it was 

till del membrener”' S ourselves made 

175, were useT Schleicher and Schiill filter-papere, No. 

nnimng the minimum pressure that will foree air though 

4 k »2 
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individual pores when the lUembrane is inverted under water. 
The diameter of the pore is inversely proportional to the minimum 
pressure required, being 300, 30, and 3 for 1, 10, and 100 atmo- 
spheres, respectively. The information generally obtained from 
this bubble -test is the diameter of the maximum pore and the 
diameter and number of pores of approximately the same magnitude 
as the maximum pore. 

Contrary to impressions derived from the literature, it was 
found that the pores in any one membrane vary over a very wide 
rang6 of diameter, and usually only the largest of these is accessible 
to measurement; for instance, in one membrane there was only 


Fig. 2. 



Total conce.nlration of solulion. — ^ 

The relative, 'pro'portions of the various comtituerds of solviioTis of pure potassium 
laurate at 18“. {The asterisk * marks ike field showing the proportions of ac\d 
soap, 2KL,HL, present.) 

one pore as large as 300 /x/t, two being 150 /i/x, three 90 pp, six 
75 pp, and eight 60 pp. It was more usual, however, to find about 
a dozen pores within 10 per cent, of the maximum pore. An indi- 
cation of the diameter of the maximum pore iu relation to the 
solution employed is given by the following data ; our 15 per cent. 
9 pp, Sobering’s 15 per cent. IS pp, 10 per cent. 33 pp, 7*8 per cent. 
90 pp, 5 per cent. 150 pp, and 3 per cent. 450 pp. (The value 9 
however, corresponds with the highest pressure available for testing, 
so that the pores must have been smaller, possibly much smaller.) 

The Mobility of the Ionic Micelle. 

In previous communications from this laboratory, the conduc' 
tivity and osmotic activity of soap solutions have been studie 
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and a theory of colloidal electrolytes has been advanced. According 
to this, soap when m true solution behaves entirely as a ciystalM 
but the undissocated soap may be aggregated to form^ S 
of neutra colloid, whereas if the fatty ions are aggregated fwithout 
to of electrical charge) they form colloidal partiL known a^ 
the lomc micelle, which are supposed to contain some neutral 
coUoid. On account of its well-known small molecular weight and 
the clear distinction between its behaviour in crystalloilal and 
colloidal form, soap is one of the best representatives for the 

of ^ 0 °"^ group, lacking the 

Ambiguity of the corresponding study of protein or of gLtin 

with their unknown molecular weight and basic and acidic functior^ 
or reference see this vol., p. 021 ; also, “ Third Colloid Report rf 
e Brush A^ooiation for the Advancement of Science ” ; Salmon 
this VO p. J)' and 3 embody the results which have 

hem deduced by Miss M. H. Norris solely from conductivity and 
frecnng-point data in the case of the two soaps studied in the 
present paper.* ^ 

The concentrations ascribed to the ionic micelle depend directly 
on the mobility postulated for it. The total osmotic activity of a 
moderately concentrated solution of sodium oleatc as measur^ by 
the freezing point is so small that even if the whole osmotic effect 
IS a^nbed to the sodium ion less than half the observed conduc- 
tinty IS accounted for, and it is necessary to postulate for the ionic 
micelle an equivalent conductivity at least equal to that of the 
potasmum ion and therefore sevcral-fold greater than that of the 
fatty ions from which it is derived. 

It is now seen from Rig. 3 that the concentrations deduced from 
assumption leave a,s the only constituents present in appr 
ciable amount, neutral colloid, ionic micelle, and the eqnivXt 

TherLtS is almost fidly estab- 

to WV and h unchanged on prcKieeding 

to 1 kV„ and beyond. Potassium oleate, for which the data^ 

calculat ng the hydration of the total soap and checking tl.e 
« v.lne for the mobility of the ionic Li t^toi: 

the i^c miodle^"Ttr''°''" that the mobility of 

eombinedirito orsnl molecules of hydrate wLr 

nO-ty and 1 r V '' w- ^ ‘’t total soap is the same 

■6A * solutions, the follon-ing equations nmy be set up 

Norris’s calculations .- 

«iOH'= 174 . = ‘onto micelle = K' ^ M-Tj .W = 

0 the 0 00 N ’ , " ”'®*- Por cent. o( tlic total oleate 

^'.-solution was assumed to be present as ionic micelle. 
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to represent the oonduotivity and the lowering of freeriniT poi + 
respectively. From the freezing point, the weight normality of th ’ 
potassium ion referred to the true solvent water onlyis eanai 
^ 71 - 858 . ^ 

From the conductivity this true weight normality of the 
ion is equal to ^ um 

X apparent x , 


Fig. 3. 



where h is the hydrate water and ft + s is the total water associatec 
Mith one ^am-atom of potassium and u is the mobility of the 
pot^smm ion, equal to 64-7. It is evident, by combining these 
two equations, that ft and v are determined, since for 04X„ and 
0'6iVw, ft + = 1667 and ft -f Sg = 2500 grams of water. 

Inserting numerical data, the mobility deduced for the oleate 
micelle is 77-9 mhos, and the hydration, 289 grams, equals 16 mots, 
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of water. The mobility thus appears to be even higher than that 
of the p^assmm and the hydration is of the magnitude 

“ "" -i»' IP- »» - 

It is inter^ting to notice that we have now two lines of evidence 
which would indicate that at least eight or ten ions must be ir 
tamed m one mmc micelle, since otherwise the osmotic prcssiirrof 
the loiuo micelle would be so appreciable as to affect the calculation 
B the dir^tion of reqmring a still higher mobility. Again, if the 
,omo micelle has a mobility only four times that of the laurate nr 
oleate ion, the principle of Stokes’s law would require an agglolr 
ation of at least eight ions to account for thi^ even nedecTov 
hydration ; further, this becomes a minimum of ten ions if t"! 
assumed that the osmotic pressure of one colloidal particle is the 
same as that of one ion or molecule. On the other hand the 
general conclusion to be drawn from the present work on ultra- 
filtration IS that ten is about the maximum number of ions conta ned 
m any one particle of ionic micelle. 

The Equilibrium Crystalloid ^ Colloid. 

The crystalloidal constituents of a soap solution are simple 
unissociated soap such as potassium la, irate, simple 
(L ), hydroxyl ion and sodium ion. It ivill be shown that for Z 
present purpose the hydroxyl ion is negligible, and only th" 
portion of the sodium ion which corresponds to tiie simprLrate 
m ean be mechanicaUy separated from colloidal ionl m“ 
toco, on filtration through a very dense membrane, only ' 

loidal soap and its simple ions iviU pass into the . 

Figs. 2 and 3. ^ numerical values thus assigned in 

r«“bot? nlT -ti 

practioaUy the ihole 'Ttb^ potassium laurate contains 

neutral colloid althouffh n ® solution, chiefly as 

membrane, iWa S -““olle. Using the densest 

riiis result was 8UDnorteVh \n° ‘‘‘"''ate passed tiirough. 

potassium chloriKi^tr'lS 

an ■ :?oS:i'Lr 

"til respect to and 0-103iV, 

oapect to sodium oleate and chloride, respectively, contained 
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Boap corresponding to not more than O-OOli^^tp-orystalioidal sodium 
oleate. 

When filtering 0493iV„-solution8 of pure potassium laurate, it 
was found that the concentration of the filtrate was G'046^j,. 
potassium laurate, independent of the pressure (between six and 
twelve atmospheres). The fact that the concentration of the 
filtrate is independent of the pressure, even although there is a 
large range in the size of pores in the membrane, shows that the 
particles of ionic micelle and neutral colloid were distinctly larger 
than the largest pore in the membrane, demonstrating the sharp 
break in dimensions between colloid and crystalloid. Similarly, 
the concentration of the filtrate from sodium oleate was independent 
of the pressure. 

Tables I and II present the results of filtration of the laurate 
and oleate through this dense membrane, which thus measuiea 
the total amount of soap present in crystalloidal form. In each 
case, the solution was first concentrated by filtration to the desired 
extent, thereupon the filtration was continued for many hours, 
returning to the solution from time to time the whole of the filtrate 
coming through in the hope that the final sample taken should 
nearly correspond with the equilibrium. The filtrate was analysed 
by the usual titration methods for laurate and potassium. Repeti- 
tion of these experiments should give more accurate results, par- 
ticularly if the refractometric method of analysis is employed. A 
careful study of the pressures should also be made so as to ensure 
that no crystalloidal soap is being held back, in accordance with 
the theory of ultra-filtration developed in a later section. The 
results deduced by other methods, described in previous com- 
munications, which are known to be inaccurate in the second decimal 
place, are given for comparison. It will be seen that the nature 
of the cqnilibrimn is undoubtedly confirmed, and it becomes 
extremely difficult to question the main hypothesis of our theory 
of colloidal electrolytes. In both cases, all the soap is present in 
crystalloidal form in 0‘0hV„-soap solutions. With increasing con- 
centration, the proportion of soap in crystalloidal form diminishes 
very rapidly. The O-ORVu? -sodium oleate and potassium laurate 
were filtered immediately after being prepared. It is possible that 
the colloidal acid soap formed by hydroly^sis had not agglomerated 
sufficiently to be held back. 

The Osmotic Pressvre of xSoap Solutions. 

Ultra-filtration permits of a determination of osmotic pressure, 
since, for any membrane tliat holds back any definite set of con- 
stituents, the osmotic pressure is the minimum pressure under 
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ffhich filtration can occur. A strictly semi-permeable membrane is 
Que which separates water from all the other constituents of the 
solution, and the minimum pressure required corresponds with results 
obtained by such methods as lowering of freezing point. 

Table I. 


Filtration of potassium laurate at 12 — 18^ through a membrane 
with pores certainly less than 0 in diameter, giving the con- 
centration of total crystalloidal laurate soap. 


Solution 

filtered. 


Crystalloid. 



Colloid. 


A. 

B. 

C. 

A. 

B. 

~C. 


O-OIA^. 

— 

— 

OOOAV 

— 

— 

O' 174 

0-02S 

000 iv„ 

— 

0-140 

0'ILV„ 

— 

mo 

0-042 

0-06 

0-06.V„ 

0-15 

0-L5 

0■I5A^ 

0-277 

0-043 

0-05 

— 

0-234 

0-23 

— 

0-313 

0-044 

0-05 

— 

0-209 

0-20 

— 

0-370 

0-045 

0-04 

— 

0-335 

0-3.3 

— 

0-403 

0-046 

0-02 

0-04 

0-447 

0-47 

0-40 

0-547 

0-048 

002 

— 

0-499 

0-53 

— 

O'fi/O 

0-052 

0-04 

— 

0-02; 

0-04 

— 

0-750 

0-052 

006 

— 

0-G9S 

0-G9 

— 

0-808 

0-052 

0-07 


0-750 

0-74 



0-098 

0-054 

0-12 

— 

0-944 

O' 8 7 

— 

I'OOO 

0-054 

0-12 

0-07 

0-940 

0-88 

0-93 


A = by filtration; B = fi’om conductivity and freezing-point data; C — from 
and freezing-point data. 


, Table II. 

Filtration of sodium oleate at 12 — 18° tli rough a membrane 
mth pores certainly less than 9 /xp, in diameter, separating colloid 
from crystalloid.* 

Conductivity oiid freezing 


Solution 

Concentration 

Colloid 

point. 


filtered. 

of filtraUs 

rotainod. 

Crystalloid. 

Colloid. 

O-OIN^ 

0-0 LV,, 

U-00X„ 




0-144 

O-OOl 

0-143 

0*02, V,, 

0'12.V„ 

0-188 

0-001 

0-187 

ll-Ol 

0-18 

0-227 

U-001 

O' 226 

(1-01 

0-21 

0349 

0-0015 

0-347 

(i-Ou 

0-35 

0-450 

0-002 

0-44S 

u-oo 

0-45 

0-558 

0-002 

0-556 




* Although freezing-point ilata are lacking, measurements have 

given a value for the sodium ion in 0 G2V,, solution equal to 0*11,V„ in agree- 
ment with the 0'12A^,, indicated in Fig. 3. 


The most interesting case is obtained with the membranes 
described in the previous section, where all the crystalloidal con- 
stituents pass through wliilc all the colloidal constituents together 
^''ith the sodium ions equivalent to the ionic micelle, are retained. 
Kere, the minimum pressure for ultra-filtration \vill be almost 
entirely due to the sodium ions and, will alTord a measure of the 



2334 MCBATff AND JENKINS : THE ULTRA-FILTRATION OP 

ionic micelle as distinct from simple laurate or oleat© ions. Finally^ 
it is seen that with a coarse membrane which retains only neutral 
colloid, a few cm. pressure suffice to effect ultra-filtration. There 
are thus as many kinds and values of osmotic pressure as there 
are constituents in a solution, provided that the separation takes 
place at consecutive stages. 

In practice there are two difficulties, one being the excessive 
slowness of ultra-filtration in the neighbourhood of the corre- 
sponding osmotic pressure, so that with the present apparatus the 
observed values would tend to be too great, even when the mem- 
brane is carefully watched for the first drops of filtrate. The other 
compKcation arises from the alterations and readjustments of 
equilibrium that take place in the filtrate, which of course directly 
affect the osmotic pressure. Hence, the only measurements adduced 
here are those referring to soap solutions in which the soap is entirely 
in the form of colloidal electrolyte. 

In an experiment with -potassium laurate at 12 18 , no 
filtrate appeared in eleven hours with a pressure of 6-0 atmospheres, 
whereas two and a half hours later, with a pressure of 7*1 atmo- 
spheres, drops were collecting. 

Table III gives the values thus obtained together with the 
concentration of sodium ions {equivalent to the ionic miceUe) 
deduced therefrom, and for comparison, the concentration of ionic 
micelle deduced from conductivity and freezing point, and from 
respectively. The agreement between the three methods 
is within the experimental error. 


Table III. 

Comparison of concentration, of ionic micelle corresponding to 
minimum pressures required for ultra- filtration with values deduced 


by previous methods. 

Solution Atmosphereg 

filtered required. 

0-4-K Laurate. 2*9 

0- 6-K Laurate. 4*7 

1- O-K Laurate. 7-1 

0-2-Na Oleate. 1-0 

0-4-Na Oleate. 2*7 


Ionic 

From conduc- 
tivity and 

From 

micelle. 

freezing point. 

E.M.F, 

0*13 

0'13 

0-14 

0-21 

0-21 

0*20 

0-32 

0-36 

0-33 

0045 

0*036 

— > 

0-12 

0-08 

(0-07) 


Bancroft, in propounding research problems in colloid chemistry 
(J. Ind. Eng. Chem., 1921, 13, 261), states that concentrated soap 
solutions show practically no rise in boiling point, and that this 
must be due to adsorption. His statement requires substantiation, 
since it directly calls in question all the data published from t s 
laboratory on the osmotic activity of soap solutions by the lonr 
Ijiethods of vapour pressure,* dew point, freezing point, and now 
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filtration, all of which show that soap solutions exhibit an 
osmotic activity about half that of sucrose or carbamide. 

The Hydrolysis of Soa^p in Solution. 

Xhe only previous determinations are those from this laboratory 
by E.M-H. and catalysis and conductivity measurements, all of 
tphioh show that the concentration of hydroxyl ion is about 0-001i\^ 
and that the other product of hydrolysis, in the ease of sodium 
pahnitate at 90”, is 2NaP,HP; further, investigations of a free 
acid incapable of hydrolysis, namely, hexadccanesulphonic acid, 
ghow that its behaviour in other respects is closely similar to that 
of the higher soaps (Norris, this vol, p. 2161). Bancroft, however 
(foe. cit.; also “Applied Colloid Chemistry,” 1921, p. 225), con- 
siders that it should be possible, by analysing the filtrate in ultra- 
filtration, to prove a high degree of hydrolysis combined with 
adsorption of the sodium hydroxide in concentrated solutions. 
We confess inability to interpret the experimental data for soap 
solutions according to such an idea. 

The hydrolysis-alkalinity as measured by ultra -filtration through 
the densest membranes, holding back ail colloidal constituents, is 
shown in Tables IV and V. The alkalinity of the filtrate is deter- 
mined by titration after adding four volumes of boiled -out alcohol. 

Table IV. 

Hydrolysis- alkalinity of potassium la urate solutions at 12—18° as 
measured by ultra-filtration. 

Cone, of Cone, of Per cent. Cone, of Cone, of Per cent, 
solution (xV,p). OH' (xV,). hydrolysis, solution OH' (-V,]. hydrolysts. 


0-277-K Laiimte 

0-00 1 G 

0-5S 

0-(]Tt)-K Laurate 

0-0012 

0-18 

0'370-K Laura te 

0-0020 


O-SOS-K Luurato 

00010 

U-12 

0-493- K Laura to 

0-0013 

0-2G 

1‘000-K Laura to 

o-oooo 

0-09 


Table V. 


Hydrolysis -alkalinity of sodium oleate solutions at 12 — 18° as 
measured by ultra-filtration. 


Cone, of Cone, of Per cent. Cone, of 
solution (A’'*). OH' {N^). liydrolyais. solution (.V*). 


0-144'Na Oleato 

0-0012 

0-80 

0-55S-Xa Oleato 

0-188-Na Oleate 

0-0012 

0-G-i 

0-2.52-Xft Oleato 1 

^^•32-Na Oleate 

0-0018 

0-57 

O-lOG-XaCl ( 

0-4o0-Jra Oleate 

0-0024 

0-53 


Cone, of Per cent. 
OH' (A',), hydrolysis. 

0-CI019 ' O'iU 

- O-OOOS 0-32 


The hydrolysis-alkalinity as determined by ultra- filtration is 
nearly the same as given by previous measurements at 90°. It 
was expected to be somewhat less, but the discrepancy, if real, is 
^dily accounted for as the result of membrane hydrolysis (Donnan, 
^khrochem.^ 1911, 17, 578), which would tend to exaggerate 
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the alkalinity found. The quantitative evaluation of the effective 
membrane hydrolysis is impossible without definite knowledge of 
the degree of solubility of the acid soap formed. Another circum- 
stance which diminishes the accuracy of the results is that the kurate 
solutions were made by taking theoretical amounts of laurie acid. For 
this reason no stress can be laid on tbe results obtained and on the 
very similar results obtained with A„-potassium laurate containing 
A-potassium chloride. Addition of OdA-sodium chloride to 0-25iV.. 
sodium oleatc diminished the hydrolysis-alkalimty to 0-0008A.. 
hydroxyl ions. 

The Hydration of Soap in Solution; a General Method. 

The hydration of soap may be defined as the total number of 
gram-molecules of water chemically combined with or sorbed by 
one gram-equivalent of the soap. This can readily be measured by 
ultra-filtration (McBain, “ Third Colloid Report of the British 
Association for the Advancement of Science, 1920, p. 19) provided 
that a suitable indifierent reference substance is available. The 
extent of the increase of concentration of the reference substance 
found in the filtrate above that in the original solution is a measure 
of the water abstracted by the colloid from the solution. If mem- 
branes are used which allow one colloidal constituent to pass 
through whilst another is retained (see a later section), it should 
be possible to measure the hydration of each. In experiments 
cited in Tables VI and VII, in which the corresponding chlorides 
were used as reference substances, it is highly probable that these 
are slightly sorbed hy the soap ; if so, the true values for the 
hydration are con’cspondingly greater (compare T., 1921, 119, 
1372 1380, 1381, 1674). Further, the hydration in the absence 
of these salts should bo distinctly greater. 

These experiments constitute very direct proof that the soap in 
these solutions is colloidal and that it has the high degree of 
hydration predicted from earlier work. 


Table VI. 

Minimum values for the hydration per equivalent of potassium 
laurate in solutions at 12—18" in thes presence of potassium 


chloride. 



of 

Iv l.rfiurate. 

of KCl, 

Earlier 

OOOO 

0-762 

Solution above 


O-oSl 

Later filtrate 

O-OOU 

U-T68 

First solution above 

i'OOO 

bOOO 

Filtrate 

OOOO 

l-27(i 

Final solution above . . . 

105b 

n-ODl 


Hydration 

found. 

11-8 hiO 

11-0 H,0 
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Table VII. 

Minimum values for tho hydration per equivalent of sodium oleate 
in solutions at 12 — 18°. 

of Jfa Hydration 

Oleate Nu, of NaCi. found. 


First solution above 0-2517 0-1029 

Filtmto 0-00 i;i 0-1077 9-2 M„0 

Final solution above 0-2770 0-102S 


Theory of the UUra-jiliar. 

Excess of pressure inhibits ultra-filtration by stopping up the 
pores ; with insufficient pressure, ultra- filtration becomes extremely 
glow or ceases altogether. It is only Avith suitably chosen inter- 
mediate pressures that deliberately planned ultra- filtration can he 
canied out and trustworthy information obtained regarding the 
diameters of the pores or filtered particles. Both the pressure 
used in the ultra-filtration and the osmotic pressure of the solution 
are decisive factors. 

According to Bechhold {Z. physihal. Chem., 1908, 60, 328), 
collodion membranes only allow the passage of particles with 
diameters of not more than one-tenth that of the pore.s, but the 
evidence for his conclusion is speculative. It is difficult to ascer- 
tain the maximum ratio between diameter of particles passing 
through an ultra- filter and the diameters of pores as determined 
by the bubble-test. Bechhold's factor, one -tenth, is obviously a 
rough empirical correction for a number of factors operating under 
his experimental conditions. 

Hatschek in collaboration Avitli Bechhold has studied the effect 
of pressure on the diameter of deformable oil globules, which could 
be forced through pores measured by the air -bubble method 
{KoUoid Z., 1910, 7, 86). He found that uith high pressures oil 
drops could be forced through pores of diameter many times smaller 
than that of the drops themselves ; he also concluded that the 
pores Averc not more than half the size indicated by the air- bubble 
test, but the precaution does not seem to have been taken of 
applying the air- bubble test after tho ultra-filtration. Bechhold 
{KolloidZ., 1921, 29, 81), in filtering lecithin sols, obtamed a similar 
increase in the amount of substance in the filtrate AAutli increasing 
pressure. 

The evidence goes to show that under suitably chosen conditions 
the diameter of the particles approximately corresponds with the 
diameter of the pores which just let them pa.s 3 through. There 
is no indication in any of our observatiojis that soap particles are 
deformable; indeed, vre know of no reason for supposing that the 
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colloidal particles in soap solutions arc of a liq[uid or emulsoid 
nature. Instead of more and more soap being forced through under 
high pressures, the filter becomes clogged to almost any desi-ped 
extent. Bechhold mentions that Burian (Arch. Fisiol.^ 7 ) has 
obtained a similar result with egg-albumin containing salt. 

Of course, the relation between diameter of particles and of pores 
is much more complicated if the particles are not spherical. The 
length of a molecule of soap must be about 2 or 3 /a/x, and this 
must be many times its breadth, and we have no information as to 
the form of either the ionic micelle or the neutral colloid. It will 
be shown that for practical purposes it is possible to express the 
size of each kind of colloid in terms of diameter of pores, and that 
the neutral colloid in the oleate is A^ry many times coarser than 
the ionic micelle. 

It is necessary to develop a theory of ultra- filtration, for non* 
deformable particles, as follows. Suppose we have a membrane 
with constant pores of every conceivable diameter up to and 
including a value a and, further, that there is in the solution a 
series of crystalloidal and colloidal constituents the diameteiB of 
which, from the coarsest to the finest, are equal to a, b, c, d, and c 
e being the water molecule itself, and that the partial osmotic 
pressures of the first four constituents arc Pa, Pb, Pc, and P^. It 
is obvious that only an infinitesimal pressure will be necessary to 
cause solution to flow through any pore the diameter of which is 
at least equal to a, so that a pore in diameter from a upwards would 
merely act as a leak. There are two principles involved in the 
action of all the other pores : 

1. Only those constituents may pass through any given pore 
the diameter of which is less than the pore. 

2. Nothing will pass through any given pore unless the pressure 
in use exceeds the osmotic pressure of every other constituent 
that is coarse enough to be held- back. 

There are thus tw'o ways in which a given constituent may be 
prevented from passing through a given pore ; namely, through the 
pore being smaller than the particle in question, or through the 
pressure in use not exceeding the osmotic pressure of some con- 
stituent of greater diameter than the pore in question. 

The interplay of these two principles produces an unexpectedly 
complicated picture, but it will become apparent that there is a 
series of definite filtrates, each of approximately fixed concentration, 
obtainable with any given membrane, and each corresponding wth 
a definite range of pressure. The whole range of conceivable 
pressures is therefore divided up by certain critical osmotic pressures, 
at which sharp breaks occur in the composition of the filtrate. 
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definite composition follows, since, according to our hypothesis, 
ft definite set of pores will be functioning for all pressures lying 
Ijetween a pab* of these critical osmotic values ; for then, according 
to poiaseuiUe’s law, the proportion of all the liquid flowing through, 
vbich is allotted to any one pore, remains independent of the 
total pressmre. Between such a pair of pressures, altering the 
pressure merely alters the speed, so that the proportion passing 
through any one pore is only varied when, in consequence of a 
critical pressure being exceeded, additional pores are brought into 
play. 

Turning now to the more detailed consideration of the mem- 
brane and the series of constituents postulated above, for all very 
low pressures filtrate I will be coining through pores of diameter a 
and will be merely unchanged solution ; all pores of diameter less 
than d ar^ <^^t of action. As soon as the pressure exceeds the 
osmotic pressure Po, pores lying between a and b will come into 
play ; and the portion of the solution flowing through these pores 
will be deprived of constituent a, so that the gross composition 
of the filtrate can now be called filtrate IL The question as to 
whether pores lying between 6 and c are out of action or not 
depends entirely on whether is greater than ; if it is, then 
the pressure used has brought them also into action and they are 
contributing towards filtrate II, a solution deprived of both con- 
stituents A and B. Similarly, if Pf is greater than P^, all pores 
smaller than c are out of action. 

Filtrate III will then be reached when P^ is exceeded, and now 
w& have pores of diameter a discharging unchanged solution, those 
between a and b holding back A only, those betw^een b and c holding 
back both A and B, and those between c and d holding back A, B, 
and C, whilst if P^ is smaller than the critical value P^ all pores, 
without exception, down to those of the diameter, e, of the water 
molecule itself, will be in action, those betw’een d and e producing 
pure water. It does not matter even if P^ is the lowest osmotic 
pressure of all, pores smaller than d do not come into use until 
ffl, Pi, and Pc are all exceeded. 

For the membrane assumed, we have deduced three possible 
iltrates of fixed composition, I, II, and III. If none of the pores is 
fuite as big as a, filtrate I is eliminated and no filtration will take 
)lace until the pressure in use exceed either P^ or Pj, whichever 
3 the greater. Filtrates 11 and III are correspondingly altered in 
Jompoation, since now they are not admixed with filtrate I. 
iuoilw reaaoning applies if a denser membrane is used in which 
the diameter of the largest pores lies between b and c. 

An illustration of these effects was given in a previous section, 
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where nothing passed through a dense membrane imtil the osmotic 
pressure of the ionic miceUe and its accompanymg soium lom 
Ld been exceeded. ’Not even the crystalloidal soap or the simple 
laurate and potassium ions could come 

osmotic pressures we greatly exceeded; that is, untiUhe osmotic 

pressure corresponding with the “uceile It n 

Lrthf^v evident that the filtrate must be at least sbghtly more 
dSte than corresponds to the crystalloidal m^tterjn solution, 
since every pore, down to those of diarneter e, must have come into 

iNnOli or (KLh with an osmotic pressure presumably equal to a 
?w cm onlfof water, so that filtrate II should he obtainable to 
any mernbrL the largest pores of which he between neuH 
coLid and ionic miocUe and only these pores can act. As a general 
it should he stated that the only way to ensure that 
constituent capable of passing tlirough the filter is not separated 
from the corresponding solvent is to utilise pressures below fc 

partial pressure of the constituent m question. 

TheomticaUy, there .should be a difference in composition be wea 
solution and filtrate when any solution whatsoever is being filteird 
under pressures which exceed the osmotic pressure of any con- 
stituent. Practically, the difference in the case of a crystalloida 
Llution would be slight unless the relative number of pores of 

diameter greater than d is severely limited. 

Finally, apart from the possibility of deformable particles, there 
is one further complication which must be reckoned with m all 
work on ultra-filtration, and that is clogging of the ^ 

mechanicaUy or by adsorption. This, however, can be tested o, 
by interrupting the experiment from time to time to carry o 
bubble test. Tables VUI, IX, and X iUustrate such clog« 
■ action, and the last also shows that high pressures may free b 
porr again temporarily. The data for filtrate III show h 
expected dependence of the composition on the 
brane, but they also show a further deviation with pressure whrei 
indicates a real variation from PoisseuiUe’s law. 

Separatim oj Ionic Micelle from Neutral Collmd. 

Them are no colloidal particles of diameter larger than 15 Wj 
solutions of potassium laurate. In sodium oleate. . on the otW 
hand, the particles of neutral colloid all I*® 

450 irp, whilst those of ionic micelle are defime y j 

. 15 w. More accurate measurements m the reparation f J 
from the neutral colloid in laurate solutions were n 
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owing to our not hapuig foreseen the necessity of providing apparntna 
that would withstand the extreme pressures required for the bubble 
tests; and also because we had not developed in time the theory 
of the prec^mg seotion which is necessary to clear up the other* 
wise confusing data. All we can assert is that the ionic micelle 
both of laurate and of oleate is too large to pass through a mem* 
brane which showed no pores at ail under a pressure of 33 atmo- 
spheres, which would have revealed any pores down to 9 The 
diameter of the ionic micelle is therefore not very many times the 
length of the laurate or oleate molecule. 

The particles of neutral colloid correspond »it!i diameter o 
and those of ionic micelle with b. All pressures less than those 
found in the fifth section for the ionic micelle P, should therefore 
yield filtrate II with membranes the largest pores of which measure 
between 15 and 75 pp. It is proposed to show that this was the 
case with 0'27P„-sodium oleate, which consistently yielded a filtrate 
of O'OIA.with pressures less than P, and a more ddute 
*n P, w^ exceeded (filtrate HI). For a given pressure, filtrate 
in IS found to become more dilute a.s the pore,s get clogged Since 
the osmotic pressure of the ionic micelle and its accompanying 
^mm lons so greatly exceed.s that of the small amount ol cryLl 
loid present, filtrate HI comes from three sets of pores producing 
pure water solution of crystalloid, and solution of crystalloid vim 
Kinic micelle respectively. Typical data ivifi, membranes of 
different density are given in Tables VHl and IX. Of course time 
hmquiml to wash out the membrane and obtain a correct likte 
Tie pore diameters given are tho.se found by actual test during 
ie courae of the experiment, The diameters found with mem 
hum that were contaminated with soap solution were calculated 
on the assumption that the surface ten.sion wa., that of pure water 
Such pores were therefore really smaller than here indicated. 

t 

Table VIII. 

Mtration of 0-2X„-s„dium oleate showing a eon, slant filtrate of 

osmotic pressure of the ionic 
^oiie atmosphen.,, and a mom diliit' one when ttoi: 


^gest pore 75^^ 
Jl^fJiospherea 0-05 
filtrate (),o4o 


Wat pore 75 .. 
■ttnospheres 0-8 
O'OIS 



kSories I. 




003 

O-Oo 007 

0-OS 

.3 


0-040 

0-040 0-040 

0040 0-03.) 

0-02 


iSeries H. 




0-8 

0-8 0-7 


00 nfi 

0-7 

0-3 

0-040 

0-040 0*040 

0040 

0-040 


0020 


0-05 

0040 
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Series II (continued). 

Largest pore 45 fifi 
Atmospheres 3 3 

Filtrate 0-040 0 0 


Largest pore 


18 fx}i 


Atmospheres o 

Filtrate Ny, 04)25 


Largest pore T5 ^,u 
Atmospheres 5 
Filtrate N„ 0-027 


3 

0035 


5 

5 

0-7 

0-7 

45 

0-7 

•035 0-027 

0-027 

0-027 

0 040 

0040 

Series III. 

0-8 0-7 

0- 

5 

0-3 

15 

0-05 

0-040 0040 0-040 

0-040 

0 040 

Series IV. 

60 )U/A 

45 

00 



18 0-05 

5 

0 

0-08 

0-05 

1-040 0-040 

0-025 

0-023 

0-040 

0040 


Table IX. 

Filtration of 0-29G.V,,- and O-ISSy^-sodiuin oleate showing a 
constant filtrate of O'Oo.j.V,, and 0'092.V„, respectively , with pressures 
less than the osmotic pressure of the ionic micelle (I’S and 2 atmo- 
spheres). O ^Ofi-Yij-oleate. 


Largest pore T 

Atmospheres ^ 

Filtrate Nk 0 033 


To ixu 

i-2 

0-055 


Largest pore 30i) 

Atmoaplieros 


Filtrate jV,;, 


0 

0 - 0 . 


75 fjifi 60 flu 

4.5 fifi 

45)11/4 

0-3 0-3 

0-3 

0-05 

0055 0-055 

0-055 

0-055 



IT) fifi 

75 ftp. 

7 5 

6-7 

8-3 

055 0-033 

0-029 

0-020 


Series III, with 0 * 29 C)iY,, -oleate. 


Largest pore 
Atmospheres 
Filtrate 

300 ufi 

6-7 

0-05 

G-7 

0-085 

G-7 5 5 0-7 

0-020 0-08 0-033 O-Ooo 

0-7 

0-055 

0-3 

0-055 



Scries IV, with 0-296X„-oleatc. 



Largest pore 
Atmospheres 
Filtrate Nw 

300 fifi 
0 

0-07 

5 

0-OS5 

5 6-7 6-7 6-7 

0 033 0-033 0-09 0-00 

1-2 

0-055 

0-3 

0-055 

Largest pore 
Atmospheres 
Filtrato A'u, 

7 5 ua 

0-00 

Series 
75 nn 
1-S 
0-092 

V, with 0’435Y„-oleate. 

75 fiu 60 ufi -15 fiu 45 fifi 

0-3 i-3 5 1-3 

0-092 0-002 0-04 0-092 

45/i/i 

0-3 

0-092 

4o/itt 

0-05 

0-092 


In Table X and XI arc given data which throw light on the 
maximum diameter of the particles of neutral colloidal 
oleate; these are certainly all smaller, and probahly^scvera 
smaUer, than 450 m and certainly all larger than M 

lower pressures should have been employed. As in ■ 

Series III and IV, the filtrates increased in concentration 
maximum and then fell off as the pores were clogged. 
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SOAP 


Table X. 


Maximum concentration of filtrates from 0*296JV„-sodium oleate, 
and ascertained diameter of largest pore at that time. 


pressui-e Largest pore. 
Initial. Final. 

Filtrate aVm,. 

Pressure Largest pore, 
(atms.). Initial. Final. 

Filtrate 

0*7 300 /A/* 

75^^ 

0'055 

0-7 

75 /am 70 nfi 

0-055 


150 /xfi 

0-085 

5 

300 fifi 1 50 M/i 

0-085 

7 'io/A/i 

150 fifi 

0-0!) 

7 

300 m/a 150 m/a 

0-00 

8 75 

300 

0-20 

y 

300 m/a 300 m/a 

0-20 , 


Table XI. 

Filtrates from sodium oleate solutions through coarse membranes. 


Solution. 

Filtrate. 

Largest initial 

Pressure 


aV^. 

jxtre. 

(aims. ). 

0-21 

0-21 

450 mm 

— 

0-40 

0-40 

450 m/a 

--- 

0-30 

0-20 

300 m/a 

8 

0-30 

0-00 

1 .50 m/a 

7 


Concentration and Co^nposition of ike Ionic Micelle. 

In the preceding section there has been conclusively shor^m a 
definite separation of the colloidal constituents of sodium oleate 
solutions, At least 95 — 98 per cent, of the ionic micelle must have 
appeared in the filtrates, since they came through unaltered with 
pressures as low as 0'05 atinospliere. Again, the filtrate is the 
same when there arc no pores larger tlian 15 pp as when some 
equal 75 jUju, which shows that unless some of the particles of ionic 
micelle are very many times larger than all the others, they must 
all be of nearly equal dimensions. Similar reasoning shows that 
afi the particles of neutral colloid existing independently of the 
particles of ionic micelle must be greater tlian 75 fi/i in diameter. 

We have, then, from O' 214, 0’29G, and sodium oleate, 

constant filtrates of 0’040, 0 055, and 0'092A"u, rc.spcctively, which 
must contain ionic micelle and crystalloidal matter only. The 
crystalJoidal matter is mostly sodium hydroxide and it is less than 
0‘OOLVa (the corresponding paiiiclcs of acid soap are probably 
coarse and cannot exceed a few thousandths normal). 

Since the gross composition of the ionic micelle is given by these 
filtrates, and since we already know its concentration in electro- 
chemical equivalents (see Table 111), we can at once inquire as to 
how far the ionic micelle consists merely of aggregated oleate ions 
and in how far these are contaminated with neutral colloidal oleate. 
•le data are given in Table XII, and it is at once seen that the 
onic micelle is mainly composed of aggregated (and hydrated) 
ileate ions and that most of the neutral colloid exists in quite 
separate particles. 



234 l the ultrI-filteation of soap solutions* 


Table XII. 

Concentration of ionic micelle and of neutral colloid, r^c. 
tively, in sodium oleate solutions as found by ultra-filtralon, 
compared with aggregated oleate ion and neutral coUoid as deduced 
from conductivity and freezing-point methods; showmg that they 
are present as two distinct sets of particles. 


Ultra-flitrate. 


Conductivity and freezing 
point. 


Solution. A'tt. 
0^214 
0-296 
0-435 


Ionic micelle. Neutral colloid. 
0-040 0-174 

0-055 0-241 

0-092 0-343 


{bl')«. (NaOl)^ 

0-038 0-176 

0-055 0-241 

0-087 0-348 


A conclusion from much of our recent work is that perhaps the 
most important difference between %e various soaps arises from 
the widely differing amormts and properties of neutral colloid, 
that is, un-ionised colloidal electrolyte, which we have now shown 
to be separate from the ionic micelle. 


Summary, 

1. A theory of ultra-filtration through permeable and serai- 
permeable membranes has been developed. 

2 Ultra- filtration of potassium lauratc and sodium oleate has 
confirmed the values, deduced by other methods described in 
previous communications, for hydrolysis, osmotic pressure, and 
amounts of crystalloidal and colloidal matter. 

3. A general method for determining the solvation of the colloid 
by ultra-filtration has been described, and it has been shown that 
soap in solution contains at least 10 molecules of hydrate water 
per equivalent of soap. 

4 The ionic micelle has been separated from neutral colloid by 
ultm-filtration; the diameter of the particles of ionic micelle i8 
only a few times the length of the molecule, and its approximate 
formula is {Ol\^,mi{fi. Whereas the particles of neutral coUoid 
of potassium laurate arc less than 15 in diameter, t ose o 
sodium oleate are about ten times larger. 


Our thanks are due to the Colston Research Society of the 
University of Bristol and to the Research Fund Committee of tbe 
Chemical Society for grants which have enabled this mvestiga lo 
to be carried out. 


The Department of Physical Chemistry, 

University of Bristol. [R^eived, August lUh, 



tlDBSWBLL AND WHEELER : ON DOPELERITE. 234^ 


CCLXXXIL— On. Doppkrite. Studies in the Composi- 
tion of CoaL 

By Frederick Vincent Tideswell and Richard Vernon 
Wheeler, 

We believe that considerable insight into the mode of formation 
and constitution of coal, and in particular of certain portions of 
bituminous coals, can be obtained from a study of that peculiar 
material to be found in peat-bogs, to which the name “ dopplerite ” 
has been given. Unfortunately, this material belongs to that class 
of compounds, the ulmin compounds, the colloidal nature of which 
is so discouraging to the chemist. For this reason, no doubt, 
information regarding the composition and properties of dopplerite 
ia scanty and scattered, although descriptive accounts of it are 
numerous in the literature of coal. It will be necessary for us to 
review shortly the information that is available. 

As early as 1839 reference was made to pecuhar deposits in the 
peat-bogs of the Fichtelgebirge by Reinsch {J. pr. Chem.y 1839, 
16, 489), who alluded to them as “ Pechtorf » in contradistinction 
to “ Rasentorf ” {ordinary peat), but no detailed examination of 
them was made until 1849, when Doppler had his attention directed 
to one in a peat bed at Aussee, in Tyrol, and thought it of sufficient 
importance to warrant investigation. It was described as a black, 
gelatinous substance, occurring in layers about 10 feet in thickness 
6 or 8 feet below the surface of the bog. 

Dop^er's examination of the black jelly (Sitzungsber. Akad 
\Ym. W^n, 1849. 3, 239) showed it to contain a high proportion 
of water (it lost 80 per cent, of its weight on drying) and when 
anhydrous to be a brittle, shining, black substance with a con- 
choidal fracture. The fre.sh substance, on exposure to the air 
lost ite moisture rapidly and became elastic and of the consistency 
of mdiarubber ; it was insoluble in water, sparingly soluble in alcohol 
and ether, but readily soluble in a solution of potassium hydroxide 
A further examination of material from the same source was 
made by Sohrotter (chemical) and Haidinger (microscopical), who 
ontoed and added to Doppler’s observations (ibid., p “> 85 ) 
dai^er observed that thin sections showed no trace of crystalline 
by polarised light, but that under high 
ma^fication tranes of fibres of organic origin could be discern^, 
ib s latter statement, and the fact that the material in bulk was 
bu ^ J ^ dark-browTi, almost black, colour, 

VOL cxxi streaks of a lighter brown, indicate that the 

4 L 
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sample Haidinger examined was not as pure a specimen as that 
which has come to our notice. It was Haidinger who suggested 
the name of “ Dopplerite,” in honour of Doppler, for the material, 
and by this name similar jelly-like deposits in peat-beds have 
since been called. 

Von Gumbel (.\eues Jahrbuch, 1858, 278) laid stress on the chai-^ 
acter of the ash in dopplerite (which he regarded as a “ homo- 
geneous peat”). The ash in a specimen from Berchtesgadeii, 
amounting to 1-67 per cent., consisted chiefly of lime, which von 
Gumbel believed to be in combination with the organic constituents. 

A detailed study of the dopplerite from the original source at 
Aussce was made by Demel in 1883 (Sitzungsber. Akad. Km. 
Wien, 1883, 86, Sl-lf. DemeVs analy.sis (C = 0(i-u ; H = 5-75 p-i- 
cent.) differs from mo.st other recoids, both before and since, iji 
showing no nitrogen. I'he ash, which amounted to 5-1 per ccut., 
contained 73 per cent, of lime, wliich, as von Giimbgl had suggested, 
seemed to be in combination with an organic constituent of the 

dopplerite. ■ , . 

In the same year, Frtih published a monograph entitled Ueber 
Torf und Dopplerite " (Zurich, 1883), which reviewed the earlier 
work and described specimens of dopplerite from various sources. 
We reproduce a ial.le uf analyses given by Fnih, with additiuiK 
(Table I). 

Table L 


Analyses of dopplerite. 


Analysis. Per Gent, (ash -tree and di'icd 
at 110 a unless otherwisi^ stated}. 


Source. Ash. C. 

Aussee (di-ied a t 1 UU " ) o- 80 \ ^ 

Aussee u-10 

Aussee oj'Ol 

Obbergen 14- 32 ur'S2 

Obbergen 

Obbergen •)'20 oo-Oo 

Dachmoos (dried at 

130“) or 47 

Gontea 

Goaten ^ 

Aurich -'-iJ 

New Mexico 53 ’O o(>'04 

Sluggan Bog, Co. An- 

tdm .... 5-12 3849 

Sluggan Bog, Co. Antrun. 

(a) Brilliant jelly o-Oo 30- 1 1 


H. 

0. N. 

Analyst. 

5*30 

42 49 1*09 

Schrotter (184D). 

.5- TO 

3jT8 nil 

Demel (1882). 

3*20 

38-SO 

Kaufmann and 
Muhlbcrg (ISCo). 

.3*40 

30*77 

„ 

3*14 

38-90 

,, 

6*20 

38-00 

» 

3 • 3 2 

30*33 0*86 

Herz (ISfil). 

3-01 

3i)*74 nil 

Mayer (ISO I). 

0*04 

38*28 0*37 

IdeischtT (ISOl). 

3* SI 

34*10 2*27 

Foster (1913). 

O'TO 

33*10 2-04 

3' 38 

34-72 1*41 

5Ioss (1903). 

4*92 

37*27 1*10 

+ Ticleswell and 
Wheeler (192-^'* 


(6) Dull jelly 0'2 37 i)l 3-31 34*68 

* The miaterial also contained sulphur 


2 - 10 * 

0*70 per cent. 
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Moss (;Sci. Proc. Boy, Soc, Dublin, 1903, 10 , 1, 93) has examined 
a dopplente from the Sluggan Bog, Co. Antrim, Ireland, which 
resembled in all aspects those found on the Continent. 

Dopplente belongs to the group of substances, resulting from 
the natural decay of vegetable matter or prepared artificially from 
organic materials, to which the name “ ulmins ’’ or “ ulmin sub- 
stances has been given. A discussion of the nature of these 
compounds, as disclosed by tlie researches that had been earned 
out up to the spring of 1917, appears on pages 32 to 3(5 of Stopes 
and Wheeler’s “The Constitution of Coal” (H.M. Stationery 
Oifice, 1918), which should be consulted regarding the earlier 
work. A cnmjnehensiec review of the subject has also been given 
!,V Oden {KolL Ckem. Beihefte, 1921, 11, 7o). In contraversion of 
the view that was at one time prevalent that the acidic reaction 
and the power of combining ivitli alkalis, that is possessed by 
iiliiiin substance^ is a manifestation of their colloidal nature (see 
Baumann, Hitt. bayr. Moorkulturanstalt, 1909, 3 , 62 • Baumann 
and Gully, ibid., 1910, 4, 31), Oden {Proc. Farwiay ’soc 19-^) 
by applying physico-chemical methods of analysis, such as their 
potentiomctric titration, was aide to prove their true acidic 
I'liaractcr. 


An mterestung development of ihe subiect is the preparation of 
fiiran- and phenol-ulinins. In n maimer similar to their prepar 
ahon from sugars, ulmins may be obtained from furan and its 
derivatives and from phenolic and similar organic compounds. 

r m ■’ Eller (sLuloff 

Ckm,’ 19.1, 2, 129), by oxidising phenols in alkaline solution 
obtained ulmins winch they regarded as closely resembling in 
Che, meal properties the natural uhmns; this led them to attribute 
the acidic character of the latter to the presence of phenolic hydroxvl 
groups. Alareusson {Ber., 1921, 54, [B], 642), starting with the 
itouiupiion that the ulmms posse.ss a nucleus vrith a furan structure 
{Ckm. Ztg., 1918 31, 237), succeeded in synthesising ulmins by 
the treatment of furan derivatives and furan itself. The synthesis 
m llarcusson s opinion, involved the formation first of snccindi- 

«yde. then of a peridifuran. f 

CH,-CH— CH'CHO ^ 

Ihe natural ulmins, according to this scheme, arefonned 


of ulmin. 


hv tu ... • 7 LO uui scueme, aretoimed 

“» 

‘*7 ^'Onstitution of the ulmins i.s 

ings in tliP^ of the presence of certain reactive group, 

molecules, which are undoubtedly large and comidex, 

4 L 2 
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Their acidic character can best be expressed by Berthelot and 
Andre's {Ann. Ghim. Phys., 1892, [vi], 25 , 364) statement that 
ulmin is the anhydride of a polybasio acid and of the 

nature both of an acid and an alcoholic anhydnde. The ready 
esterification of the ulmins, and the evolution of carbon dioxide 
from them on moderate heating, are sufficient evidence of the 

presence of carboxyl groups. i u . . , 

All ulmins, from whatever source, yield protocatechmo acid on 
fusion with potassium hydroxide, thus indicating that they contain 

O' . ■ .. 

the grouping ;c/“\o. > ^ 

nortion of the ligMoelluloses, and in tannins. From Roger 
and Vulquin’s {Compt. rend., 1908, 147 , 1404) study of ulmb 
from peat, which they made with a view to discover some 
relationship with the pecto- and ligno-cellul^s from which 
it is presumably derived, it is possible also to deduce the presence 
of (1) alcoholic hydroxyl groups (as in ceUulose), (2) the acetyl 
grouping -CHa-CO-, and (3) certain other characteristics of the 
hgnone complex; and to affirm the absence of pentosans and 
hLosans To this may be added the evidence of Eobertson, 
Irvine, and Dobson (Biochem. J ., 1907, 2 , 458) that, as in ligno- 
celluloses, alkyloxy-groups (for example, O-CH.,) are Present. 

Fischer and Schrader [Brenmloff Chem., 1921, 2 , 37) beheve the 
natural ulmins to be phenolic, and not carboxylic, in character, and 
to be derived entirely from the ligiiono portion of the lignocelluloses. 
which is of aromatic structure as distinct from the furan stnictnreoi 
cellulose. Artificial ulmins (such as sugar-ulmin), Fischer and 
Schrader consider to be different from natural ulmins and to contain 
a furan complex, since, like cellulose, they yield f urancarboxylic aci* 
on oxidation under pressure; lignone under this treatment yields 
aromatic carboxyUc acids. Although Fischer and Schradtvs 
opinions regarding the constitution of the ulmins apparently differ 
so markedly from those of Marcusson, the latter has shown that 
there is a connexion betw’een the furan structure which he post es 
(peridifuran ring) and the aromatic (phenolic) structure suggested 
by Eller and Kooh (ci/ciohexane ring with an oxygen bndge). 

The conditions of existence of the nitrogen that is present m at 
natural ulmins remain to be considered. The work of Mai 
[Ann. CMm. Php., 1916, [ix], 5 , 258; 1917, [ix], 7 113 « 
suggestive in this connexion. It seems clear that the nitrog 
derived from the degradation products of proteins, ^nd exis 

the condensed ulmin molecule essentially in closed ’ 
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although some may occur as imino (-NH) groupings in the residual 
straight-chain structures of the reacting polypeptides. 

The Constitution of Doppleriie. 

Most of our information regarding the constitution of dopplerite 
jg obtained from a study of the products of decomposition by heat 
of the dried material, as described in the experimental portion of this 
paper. The main products of decomposition, as with the ulmins in 
general, are carbon dioxide and water. The former undoubtedly 
arises, for the most part, from carboxylic acid (or anhydride), the 
latter from alcoholic hydroxyl groupings ; both are eliminated at 
low temperatures, below 300°, leaving a residue containing little, 
if any, free carboxyl (anhydride) or hydroxyl groupings, although 
ethereal, ester, and lactone groupings remain. 

The elimination of water between 90° and 270°, assuming that it 
all arises from hydroxyl groupings, accounts for 28 per cent, of the 
hydroxyl, and would leave behind 13 per cent, of ethereal oxygen 
(>0), calculated on the original dried dopplerite. The carbon 
dioiido evolved over the same range of temperature is equivalent 
to about 8 per cent, of carboxyl ; and above 270° carbon dioxide, 
equivalent to a further 4 per cent, of carboxyl, is evolved, although 
it probably arises from ester and lactone groupings, either present 
originally or formed during the earlier decompositions. Such 
groupings would also account for some of the water evolved at the 
higher temperature.^, for the production of gaseous un saturated 
hydrocarbons over the range 2,)0— 500°, and possibly also for the 
liquid unsaturated hydrocarbons foinid in the distillates. 

Acetic acid, which is evolved at low temperatures, gives evidence 
of the presence of an acetyl grouping; and methyl alcohol is 
derived from a mcthoxyl group, the m ethoxy- content of the dop- 
plerite, as determined by Zeisel's method, being 0-7o per cent, 
(on the ash-free, dry substance). The nitrogen in dopplerite is 
firmly linked; easily decomposable imino-groups (>NH) are not 
present in any quantity, w'hiLst the pyridine groupings (^N), 
^hich are probably present, must be firmly attached to large 
molecules. ‘ 

In, general, our examination of dopplerite shows its constitution 
jO conform with that of the ulmins as disclosed by the work of 
oger and Vulquin {loc. cit.). We see no reason to ai^ue, with either 
iarcusson or Pischcr and Schrader, the survival in the ulmins 
erefore, in dopplerite), of one type of molecular structure, 
ngma y present in the plants from ivhich tlie ulmins are derived, 
iv another type; to argue, for example, the sur- 

^ 0 he lignone complex to the exclusion of the cellulose, or 
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vice versa ; and we conclude that dopplerite is essentially a mixture 
of acid anhydrides of similar type. 

The chief constituents, derived from the degraded celluloses, 
lignocelluloses, and proteins condensed together (as with the amino- 
iilmins) and dehydrated, still preserve the original lignone and 
cellulose groupings. There are also present in these chief con- 
stituents new ringed compounds, some of which contain the group. 

ings Z^>0 and Much of the original hydroxyl (alcoholic-) 

groupings remains unaltered, whilst a proportion has formed anhy- 
drides (ethers) and some lias condensed with the carboxylic groupings 
present to form esters and lactones. Incidentally, there are present 
constituents, extractable in small quantity by organic solvents, 
representative of the original oils and waxes of the plants, or their 
decomposition products. 

The Mode of Formation of Doppkrite. 

From their earliest recognition, the natural ulmins have been 
regarded as the products of decay of vegetable matter. The parts 
of plants that may undergo the processes of decay are varied in 
character: xylem, parenchyma, phloem, mesophyll, epidermis, 
cork, etc., can all, presumably, contribute to the formation of 
uimio substances provided that decay, by whatsoever means induced, 
is canied far enough. 

The mode of formation of modem peat-bogs, in which dopplerite 
is occasionally found, has received much study. Peats occur 
wherever vegetable debris is able to accumulate under suitably 
moist conditions. The deposition and accumulation of the debris 
is, in some instances, exceed iiigly slow ; in others, it is more rapid. 
Some of the hogs are of considerable thickness, thirty feet or more, 
and it is knovTi that some of the earliest formations date back to 
the Glacial epoch. When considering the reactions that may occur 
during the process of peatification, therefore, time must be recognised 
as an important factor. 

The types of plants which may accumulate and decompose, 
forming peat, arc many and diverse. In a single peat -bog each 
layer may be composed of a different type of plants, each of vliicu 
may have grown and accumulated under different conditions. It 
is usual to divide peat-bogs into two main classes, the Lpland an 
the Lowland. The former are chiefly composed of sphagnum 
and heather, so far as present-day additions to them are conceme , 
the latter are not now’ formed from mosses to an important exten t 
but are mainly from the Cyperacecet and from grasses 
varieties. During the formation of a peat-bog, each epoch i 
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characteristic vegetation, of which, apparently, certain types pre- 
dominated as peat-forming materials. Sometimes the growth of 
timber has alternated with that of mosses or bog-plants, and then 
well-preserved beds of timber are preserved in the bog,’ protected 
from extreme decay by the overlying peat. 

Of the changes which occur in the decaying peat-forming materia) 
immediately after its deposition, decomposition by bacterial action 
is generally agreed to be of predominating importance. The 
extent of this action would appear to depend on local circumsUnces ; 
in some instances the vegetable structures are left almost intact in 
others decomposition and disorganisation of the plant morphology 
is complete. 

It is generally assumed that the bacterial action causes its own 
defeat, the accumulation of products of the action antagonistic to 
bacterial life automatically ending the attack. It is, however, 
unlikely that the antiseptic property of the products of bacterial 
action on vegetable matter is the sole factor in determining the 
extent of that action. In many instances delicate and, presumably, 
most vulnerable ^ tissues are found preserved intact in a matrix 
of disorganised material : in others, decomposition, to judge by 
the absence of morphological structures, is complete. Bacteria, 
then, if they were responsible for this complete decomposition,’ 
must have flourished in a liigh concentration of antiseptic 
material. 

That bacteria have played an important part in the initial derom- 
position of plant deposits is eortain, Tlie portions first attacked 
are, usually, the soft-walled cells, consisting mainly of unchanged 
celluloses, and many of the more delicate tissues, together ndtii 
the proteins and other cell-conlents, which are, indeed, less resistant 
to attack than the cell- walls. I’lie lignified, siiberised, and cnticu- 
larised tissues, spore cxines, re.sins, and waxes are more resistant 
to, some of them perhaps immune from, bacterial decay. 

Tliis view regarding the gradual decay, first of the less resistant 
pant structures and then, more slowly, of the more resistant, is 
borne out by all examinations of peat deposits ; but the less resistant 
wre not, apparently, ahvay.s the celluloses and the proteins for 
bacteria are knmra which attack the lignified tissues in preference 
0 the unhgmfied. When considering the probable action duriiicr 
be early stages of fonnatioii of the older peat deposits, thereforc° 
le passibihty of bacteria (not necessarily identical with present-day 
ffes) having shown variety in their choice of plant-stracture.? to 
wack should be borne in mind. 

The feal products of bacterial action on plant debris are .supposed 
the ulmins. Then, “regional metamorplnsm,’' in which 
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time, pressure, and temperature play their part, continues the 
peat-forming or coal-forming process. 

Can it be assumed, however, without definite proof, that the 
iilmina are indeed the final result, or necessarily the result at all, of 
bacterial action ? The unlikelihood, to say the least, of bacterial 
action persisting in a medium unfavourable to bacterial life would 
render any alternative explanation of the frequent complete ulmi- 
fication of vegetable debris acceptable. 

It is well knowi that ulmins caji be formed under aseptic con- 
ditions ; certain purely chemical and (superficially) simple reactions 
are known which yield ulmins differing, so far as has been ascer- 
tained, in no essential particular from naturally occurring ulmins. 
For example, Maillard’s researches on the amino-ulmins have revealed 
a reaction, not dependent on bacteria, for the production of ulmins 
in nature of which it is difficult to believe Nature does not take 
advantage. This reaction, between carbohydrates and amino- 
acids, would occur as soon as the initial bacterial decomposition 
of celluloses, starches, etc., had produced materials of carbohydrate 
structure, and the decomposition of proteins had produced amino- 
acids. There the action of bacteria may be considered to end; 
thereafter, ulmification to be a chemical process. 

Whatever be the agencies that produce the ulmins, the final 
result of the decay of vegetable matter, as exemplified by peat, is 
an accumulation of plant remains of great diversity of character, 
preserved more or less intact, surrounded by coatings, and separated 
by layers, of an amorphous material, the ulmins. The quantity of 
these compounds in a peat increases with its age, and sometimes 
accounts for the major portion of the mass. 

Dopplerite, which is essentially an ulmin, is not a general, or even 
a frequent, constituent of peat-bogs. Observations regarding the 
occurrence of layers or accumulations of the brownish-black jelly, 
markedly different in appearance from the rest of the peat and 
therefore unlikely to be overlooked, have been few. The material 
must therefore be regarded as an abnormal result of peatification, 
and the conditions under which it occurs demand consideration. 

Deposits of dopplerite are usually recorded as having been found 
in a peat-bog at some distance below the surface. Von Gumbel 
{loc. cit.) described the deposit at Berchtesgaden as lying chiefly 
between two layers of peat (Fasertorf and Specktorf) although 
veins of it ran upwards, suggesting that the material had at one 
time been fluid, or, being plastic, had been forced under pressure 
into crevices. Friih also considered that dopplerite had at one 
time been fluid, because he so frequently observed it in conj unchon 
with twigs or roots, as thougli it had flowed along them, and m 
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crevices. From the description given by Lewis (Proc. Amer. Phil 
Soc., 1882, 20 , 112) of a doppierite deposit near Scranton in Penn- 
sylvania, this also had been fluid. 

The sample of doppierite which we have examined, from Ireland, 
occurs about 10 feet below the surface of the bog in a layer about 
3 inches in thickness, thinning ofi irregularly into the adjoining 
peat. Although physically it is so different from the peat with 
which it is associated, we consider tliat chemically the peat and 
the doppierite are similar, h leeks of doppierite, a centimetre or 
more in diameter, occur throughout the mass of some peats, and 
the older deposits consist largely of amorphous ulmins encrusting 
or lying between undecomposed plant tissues. Thus Kaufmann 
{Jakrb. Geol Reich,, 1865, 15, 283) obtained from peat 9 feet below 
the surface of a bog G5 per cent, of material soluble in a solution of 
potassium hydroxide, and from an older peat 77 per cent. 

Several hypotheses can be advanced to account for the distinctive 
form taken by the peat-ulmiiLs when they appear as doppierite. 
The view that the deposits are the result of complete bacterial 
decomposition and ulmification of vegetable matter, as distinct 
from the self -checked bacterial action w’hicli is supposed to have 
produced the main mass of peat, is unsatisfactory. Apart from our 
inabiUty to conjecture what might be the factors that could 
encourage such localised bacterial activity, we question the possi- 
bility of any bacteria being able to remain active in a medium 
inimical to themselves during a length of time sufficient to trans. 
form the whole of the vegetable tissues into that inimical medium. 

An alternative view is that doppierite has arisen from peat ulmins 
that V ere deposited from solution. Fleissner {Berg. Hiittenmannisches 
JuKt., 1919, Part 1), in a discussion of the mode of formation of 
coal and of lignite, has suggested that the seeming absence of ulmins 
in coal may be accounted for by their having been leached out of 
the coal-forming materials by the action of alkaHne solutions 
resulting from the disintegration of rocks. Whilst we do not 
uphold the suggestion tlmt ulmins are absent from coal, we can 
imagine that some such action as Fleissner has postulated might 
have produced in peat local concentrations of ulmins in solution, 
later to be precipitated by chance acidification; for example, by a 
stream of water containing iron sulphate in solution. Such a sequence 
0 events would account both for the form taken by doppierite and 
for the high proportion of iron and of alkaline earths in its asli. 

Another possibility lies in the formation of doppierite masses 
n from solutions of amino-acids and carbohydrates produced 
irom the accumulated vegetable matter by bacterial action. Such 
soutions would slowly interact, producing first water-soluble and 

4l* 
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then insoluble ulmins. The presence of lime and alkalis in the 
ash of dopplerite would then be explained by the reactivity towards 
alkaline solutions evinced by the ulmins. 

Dopplerite in Relation to Coal. 

The general conclusion at which Stopes and Wheeler {op. cit.^ 
p. 41) arrived regarding the constitution of coal, as a result of their 
examination of the evidence available, was that coal is a con- 
glomerate of morphologically organised plant -tissues, natui'al plant- 
substances devoid of morphological organisation (such, for instance 
as ‘ resin ’), together with the degradation products of a portion 
of the plant' tissues and cell contents comminuted, morphologically 
disorganised, or present in the foi'in of varying members of tlio 
ulmin group.’’ 

With peat, ulmins extractable by a solution of potassium hydr- 
oxide may form 50 per cent, or more of the material; brown coals 
and lignites yield smaller quantities ; whilst bituminous coals jdeld 
little or none. 

Two views may be held to account for this gradually diminishing 
content of soluble ulmins. The one assumes that through poly- 
merisation and dehydration (with the formation of anhydrides and 
lactones) the ulmins have been changed in character so as to lose 
their ‘‘characteristic” solubility in alkaline solutions; the other 
implies a difference in the mode of formation of the fuels. We 
incline to the former view, and consider that the amorphous 
cementing material for the numerous plant- structures in coal was 
originally a soluble ulmiii, corresponding uith the ulmins which 
surround and permeate the plant-structures in ]jeat. 

Is there, then, in coal any couiiterpart of the dopplerites — tin; 
localised accumulations of ulmins — in peat? There arc several 
instances of the occurrence of masses of similar jelly-like material 
in lignites; for example, John {Verb. geol. Reichsanst.j 1891, 64, U) 
found in Bohemian lignite a black mass, resembling dopplerite in 
appearance and in its mode of occurrence, which he recognised as 
nearly pure ulmin, its analysis being : C, 55-00 ; H, 4*04 ; 0 and X, 
40*40 per cent. No instances of the occuiTcnco of dopplerite ia 
bituminous and anthracitic coals are known; nor arc they to be 
expected, for the solubility in alkalijK; solutions possessed by 
dopplerite is a transient propd’ty whi(;li time can destroy by such 
slight changes as result in the formation of anliydridcs and in the 
loss of carbon dioxide from carboxyl groupings. 

There is, however, in most bituminous coals a substance n'scmbliuy 
d(ypplerite in many respects. This substoiKa; is “ vitrain/ the 
glistening black constituent of banded coals which has been 
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described by Stopes {Proc. Roy. 1919, [£], 90 , 470) and of 
which W0 have made a chemical examination {T., 1919, 115 , 619). 
Vitrain has numerous points of physical resemblance to dopplerite : 
it has a brilliant surface lustre and a conchoidai fracture indicative 
of its existence at some time in a fluid state ; and it is amorphous. 
Slopes ijoc. cit.) refers to “its structureless natm'e, as of a hardened 
glue or jolly,” and it is generally regarded as having been forined 
from a colloidal gel* Microscopic examination of thin sections 
fails to reveal a trace of organised structure. 

A comparison between dopplerite and vitrain as regaixls their 
fhcmieal compositions and their behaviour towards reagents shows 
the extent to which changes have been effected in the former during 
tlie process of coalification. The dopplerite ^v(i have examined, 
from an Irisli peat-bog, and the vitrain, from Hamstead coal, can 
be compared as follows : 

VUimate Anal?jsis.~ 


Per cent, on asii-free, dry mate- rial. 

C. H. 0, S. 

Jj-isli dopplerite 57 9 5-51 ;}4-6 2-10 0-70 

llam-stcad \d train 78 ;') 5-15 13-9 1-36 M2 


* Tlie suggestion that bituminous coal, particularly tho bright portions, 
is of a colloidal nature, and that certain bands in particular (which from 
the descriptions given of tlieni seem to correspond with S topes’s vitrain) 
still possess the characteristics of a colloidal gel, is of some antiquity. Tho 
earliest reasoned exposition of this idea seems to have been that by Fremy , 
(Compt, rend., 1879, 88, 1048), althougli as early as 1807 Brongniart had 
conceived of coal as having been a homogeneous liquid, saying that it was 
“ depos^ ou forme etoit liquido Ijoinogene et dans un grand degre de finesse, 
ce quo prouve sa texture souvent parallclipipedicjue, et la manicro dont il 
imbibe les couches qui I’envcloppcnt.'’ ("Traite clementaire de min(5raiogie 
avec des applications aux arts,” Vol. 2, Paris, 1807). One can believe, also, 
from his writings, that Hutton (“Tlicory of tlie Earth, with Proofs and 
Illustrations,” Vol. 1, Edinburgli, 1795) was imbued v. itli the same idea. 

Since these early times the notion of a '' fundamental jelly ” from wliirh 
t!]e ma.s.s of coal was formed has received the attention of a number of workers : 
for example, Bertrand {Compt, rend., 1S9S, 127, 767); Grinnrnit and Hickliug 
(Proc. Manchc^der Phil. Soc., 1914); and Hickling {Trans, hwt. Min, Eng.. 
1917, 53, 137); "whilst the suggestion that particular portions of coal still 
retain some of the properties of a colloidal gel has been advanced by Potonie 
{8ilzimg$ber, Preuss. Akad. ITw. Berlin, 1908. 2, 48); Dowiing [Trans. Boy. 
■Soc. Canada, 1910, 4, 23); Porter and Kalston [V.iS. Bureau of Mines, Tech, 
taper 65, Washbgton, 1914); and Slopes and Vlieeler ('‘The Constitution 
of Coal,” London, 1918), amongst otliers. From the general appearance 
aud behaviour of vitrahi, Stopes {Pror. Pop. ^or.. 1919, [B], 90, 470) regarded 
this particular portion of bituniitious coal as essentially colloidal, as hax’e 
sll who have examined tlie substanc'O since slu* ch'scribtul it; (‘ornpaiv, for 
example, Tidoswcll and WJieeler (T., 1919, 115. 619); Lessing (T,, 1920, 
117,256); Bone, Pearson, Siaknison, and 8toc-]diigs (/^rec. Boy. Bov., 1922, 
U]> loo, 5S2); and Stopes (” Fuel,” 1922, 1, 22). 


4 L* 2 
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When the dopplerite was destructively distilled at low tempera- 
tures, large quantities of carbon dioxide and water were evolved ; the 
composition of the residue then closely approximated to that of the 
vitrain, as follows : C, 78-35 ; H, 4-96; 0 -h + S, 16-75 per cent. 

TM Action of Solvents.^ 

Extractive matter, per cent. 

Irish Hamstead 

Solvent. dopplerite. vitrain. 

Chloroform 0-46 2-85 

Alcohol 1*50 6'60 

Pyridine 3-50 34*00 

Aqueous potassium hydroxide... 93 00 6*10 

With the gradual loss of carbon dioxide, acid compounds contain- 
ing carboxyl groupings would tend to approximate more nearly in 
character to hydrocarbon structures, and an enhanced solubility 
in organic solvents would be expected. At the same time, loss of 
acidity would cause decreased solubility in alkaline solutions. Loss 
of hydroxyl groups would have similar effects.* Already with 
dopplerite its solubility in allt aline solutions is less marked than 
that of the ulmiii compounds in recent peat; solution is gradual, 
even on heating, and is not complete. This indicates that there 
has been some formation of anhydrides in dopplerite; although 
loss of carboxyl groups has only occurred to a small extent. 

Destructive Distillation . — The presence of carboxyl groups in 
dopplerite causes carbon dioxide to be the principal gaseous product 
of distillation. Apart from this, the gaseous products from the 
dopplerite and the vitrain arc similar and their composition varies 
with temperature in similar fashion (see Fig. 1, which should he 
compared with Figs. 1 and 2 in T., 1919, 115, 619). 

The liquid products, although they differ in amounts, dopplerite 
yielding much water and but little tar and vitrain yielding much 
tar, have nearly the same character from both substances and are 
evolved at nearly the same temperatures. Both tars are essentially 
phenolic, that from the dopplerite being somewhat the less complex, 

The similarity between the tars obtained from dopplerite and 
from vitrain is sufficient to show that both contain the same type 
of structure, a structure derived from the celluloses of the plants 
from which the ulmin compound.s were formed. We consider that 
vitrain is similar to, but not identical witli dopplerite, and that it 

♦ Professor Cobb has pointed out to us that if the gradual alteration io 
tho constitution of any given, ingredient of coal can be held to cause 
such a marked change in its behaviour towards solvents as is here BUgge.sted. 
any attempt to identify tho original constituents of coal from a study of die 
action of solvents on coal is beset with difficulties; and that great caution 
is therefore necessary when drawing conclusions from such work regarduig 
the nature of the coal conglomerate. 
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j.gpj^gents a more advanced stage in the process that has formed 
(jopplerite from the decayed vegetation. 

Expebikental. 

The specimen of dopplerite which we have examined was obtained 
through the kindness of Professor Purcell. It occurs in the Sluggan 
County Antrim, Ireland. As received, the dopplerite was 
mixed with a considerable quantity of peat, from which, however, 
it could readily be separated. The jelly-like mass varied in texture ; 
most of it had a dull appearance and freshly- broken pieces had a 
matte surface, but there wa.s also a quantity of a brilliant black jelly 
the surface of which was uniformly glossy. The latter material 
was carefully separated from the dull jelly and used for the majority 
of our experiments ; although the difference between the two varieties 
of dopplerite seems to be mainly one of texture, for on long keeping 
(in an air-tight receptacle) the dull material gradually altered in 
appearance, so that fractured surfaces of it were as brilliant as those 
of the original brilliant jelly. Analyses were as follow's, calculated 
on an ash-free, dry basis, per cent. : 

Dull, Brilliant. 


Carbon o7-90 56*70 

Hydrogen 5-31 4-92 

Oxygen 34-00 36*60 

Nitrogen 2*10 MO 

Sulphur 0*70 0*70 


On drying artificially, the material shrank and hardened, and 
the brilliant jelly assumed the appearance of some naturally dried 
pieces which accompanied the sample embedded in fibrous peat. 
This naturally dried dopplerite was a hard, shining, black substance 
similar in appearance to polished jet, or to the vitrain of banded 
bituminous coals. 

The undried dopplerite contained much moisture; the loss in 
weight on drying in a current of nitrogen at was 74 per cent. 
The ash-content varied in different determinations betw’een 3*6 and 
5 per cent. The composition of the ash, obtained on incineration 
at 7(X)^, is given in the table that follows, Demcl’s anal 5 ‘sis of the 
ash from the dopplerite of Aussee being given for comparison : 


Asli from Aussee 


Ash from Irish 

dopplerite. 

dopplerite (Demel), 

SiO, 

1-92 per cent. 

— 

Fe^O, 

AI,Os 

17*32 

2-89 

1 12-02 per cent. 

MnOj 

0-62 

— 

CaO 

66'96 

72-67 

MgO 

4-27 

2*03 

Na*(K,)0 

4-64 

0-99 

SO, 

10-63 

4-36 

TiO, 

traces 

— 

Cl 

traces 

1-09 
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One-third of the ash (of the Irish dopplerite) was soluble in 
water and the reniainder was soluble in hydrochloric acid. The 
high content of lime, which, was not in combination with an 
inorganic acid, agi’ees with the observations of others. The iron 
and the sulphur were partly in combination as sulphate ; the main 
bulk of the ash was light grey in colour, but it contained 
flecks of red material in which the iron w^as concentrated. 

Acidity. — The moist dopplerite was of distinctly acid reaction 
to^vards litmus paper. It was soluble for the most part in alkaline 
solutions, although with difficulty. A 15 per cent, potassium 
hydroxide solution was coloured dark brown when pieces of dop. 
plerite were placed in it, but even after ten weeks much of the 
material remained undissolved. A quantitative determination of 
the solubility of the dopplerite in potassium hydroxide (5 per cent.) 
showed : 

Soluble after ten days in the cold 37*5 per cent, (on dry material). 

Soluble after further treatment during 

four hours at boiling-point 52- G „ » „ 

Insoluble residue »» •’ 

This slow rate of solubility points to the dopplerite being mainly 
a stable acid anhydride, and not an acid. The insoluble portion 
may be the result of change of the original dopplerite, due to loss 
of carboxyl, for example ; or it may be an insoluble alkaline salt, 
or series of salts, such as have been observed with other ulmins 
(compare Bcrthelot and Andre, loc. cit.). 

Extraction with Organic Solverds.—¥[ve^gT{Lm samples of the 
dried material, pulverised and sieved through a 200 X 200 mesh 
sieve, were extracted in a Soxhlct apparatus (a) successively with 
different solvents, each extraction being continued during several 
days; and (6) with pyridine. The extract was separated by 
evaporation of the solvent in a vacuum ; the quantities thus esti- 
mated were as follow ; 


(а) By chloroform 0-46 per cent. 

By ethyl alcohol 0-90 

By ethjd ether 0*12 

By acetone 

Total 2-04 per cent. 

(б) By pyridine 3-50 per cent. 


Fractional DistiUaiion. Gaseous Products.— One gram of the 
dried material was heated in a vacuum, first at 150® and thereafter 
at intervals of 50® up to 600®, and the gases evolved at each stage 
of the heating were collected and analysed. Heating at ea«h 
temperature was maintained during twenty-four hours, by the end 
of which time decomposition was complete. The results were as 
follow : 
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Table II. 


Analyses of gases evolved at different temperatures. 


Temperature ... 0—150° 200“ 250° 300° 350° 400° 450° 500° 550° 600° 
of gases at 

5 0 12-4 23-0 21 0 16-8 16‘1 21-9 319 40-0 400 


Analysis, per cent, : 
\bsorbed by cone. 

H2SO4 -v — 

Carbon dioxide 92*3 

Oxvgen 0-4 

Absorbed by 
bromine water — ^ 

Carbon monoxide 5-7 

Hydrogen 

Paraftins — 


— e-4 5‘0 6-4 

83-7 72-7 67-0 4;-6 
-- U -2 0-2 0 1 

— 0-3 OG 1-4 

15-4 19-8 23-7 30 9 

— — 30 13' 1 


4-6 1-5 — -- 

2.5-2 13-0 90 3-5 0-7 

0-3 - ' - - 

2-2 1-0 — - ' 
34-7 29-1 21-4 21-2 23-7 

12-1 31-0 57-0 68-9 72-8 

20-5 23-9 12 0 6-0 2 5 


98-4 99-1 99-4 99,5 99-.7 99-6 99.5 99-4 99-6 99-7 

Tlie volumes of the principal ga.ses evolved at each temperature, 
per gram of ash-free, dry matez-ial, were : 


Table III. 

Volumes of principal gaseous products. C.c. at N.T.F. 


Temperature ... 0—150° 200° 250° 300° 350° 400° 450° 500° 550° G00° 

Carbon dioxide 4-8 11*0 17-6 14-7 8-4 4-2 3 0 3 0 1-5 0-3 

Carbon monoxide 0-3 1-9 4-8 5-.3 5-6 5-9 6-7 7-2 8-8 10-0 

Hvdroffcii — — — — ^'0 < -2 19-2 29-1 30-6 

Paraffins „ „ _ 0-6 2-3 3-4 5-6 4-0 2-5 1-1 


These results are recorded graphically in Fig, 1, from which the 
nature of the various thermal decompositions is apparent. The 
first gaseous products of decomposition are the oxides of carbon, 
carbon dioxide preponderating. The (juantity evolved of the 
latter increases with increased temperature up to 250^ and there- 
after rapidly decrea.ses, giving place to carbon j nonoxide, the 
evolution of which slowly increases up to 600’^, the maximum 
temperature employed. Paraffin.s begin to make their appear- 
ance at 300® and are evolved in maximum quantity at 4,50®. Hy^dro- 
gen, fiz'st observed over the range 3.30 — 400®, rapidly increases in 
quantity as the temperature is raised. 

Fractional Distillation, Liquid Products . — The arrangement of 
the apparatus vised was similar to that described by Jones and 
Wheeler for vacuum di.st illation (T., 1914, 105 , 140), save that, 
instead of the spherical glass retort used by them, a cylindrical 
retort, 4 cm. in diameter and 20 cm, long, was employed. The 
material, which loosely filled the retort, v'a.s dried at 105® in an 
atmosphere of nitrogen and ground to pass a 10 X 10 and remain 
on a 30 X 30 mesh sieve ; it weighed 120 grams. 

The mode of procedure was to raise the temperature gradually, 
noting any evolution of gases or of liquids, and, wlienevcr an obvious 
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decomposition point was reached, to maintain the temperature at 
that point untU decomposition was complete. The distillation, 
throughout which a vacuum of about 10 mm. was maintained, 
lasted during three w^eeks. A number of fractions of liquid dis^ 
tiUates were collected in an uncooled receiver and in receivers 



cooled by a solution of solid carbon dioxide in ether, and were 
examined separately. The sequence of events w^as as follows : 


Temperature. 

90° 

200 ° 

250-270° 

300° 

330—350° 

360—400° 

400—450° 

460—500° 

500—550° 


Distillate. 

Copious evolution of W'at-er. . 

Water, coloured light bro^vn, but no oils. Gasea, containing 
hydrogen sulphide in quantity. 

Water, coloured dark brown, with a little oil emulsion. 
Water and a light brown oil. 

A viscous, brown oil appeared at 330°. Much water still 
evolved. 

A viscous, rod oil appeared at 360°. 

A little oil. 

A littlo oil. 

No further distillation, of oils. 
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Xhe residue remaining in the retort at the end of the distillation 
resembled closely the original dried dopplerite, although the pieces 
shrunk slightly; it weighed about 55 grams, or 45 per cent, 
of the material taken for the distillation. 

Xhe distillates were separated for examination as follows 
(A), up to 90*^ (7 C.O.); (B), 90-270" (17 c.c.); (C), 270-410°,: 
cooled receivers only (3 c.c.); (D), 410 — 550°, cooled receivers 
only (2'5 C-C-) ; (E), 270 — 550°, uncooled receiver {3 c.c.). Frac> 
tions B and E contained a small quantity of a crystalline substance, 
some of which also collected in the leading tube from the retort. 
This was chiefly ammonium carbonate, with some ammonium 
formate and ammonium chloride. Some viscous oils that had 
collected in the neck of the retort were extracted with ether and 
added to fraction E. 

In each instance the aqueous portion of the distillate was 
examined for ammonia, acids, and furfural. The oils were separated 
by washing into basic, phenolic, and acidic fractions, which were 
examined separately. The results of the examination are shown 


ia Table IV. 


Table IV. 


Liquid distillation products. 

Aqueous distillate. Oils. 

Percentages on Percentages on original 

original, ash-free, dry ash-free, dry dopplerite. 

Temperature. dopplerite. 

Wat«r. Anupoola. Adda. Basaa. Fhecola. Acids. Neatial Oils. 

Up to 90" 

(Fraction A) 7-0 — — — — — — 

(Some methyl alcohol, 
but- no aldehydes, 
ketones, or organic 
acids.) 

Betwreen 90" and 270“ 

(Fraction B) 15-0 0*003 0*10 traces nil 0 002 0*007 

(The acid had an equiv- 
alent 4l6; acetic acid 
was present, and fur- 
fural 0-036 per cent.) 

Between 270" and 410" 


(Fraction C) 2*5 0-002 — traces nil 0 002 O Olo 

(Furfural was absent.) 

Between 410" and 550" 

(Fraction D) 2*0 0-004 — Not examined. 

Between 270“ and 550“ 

(Fraction E) 1*7 0 040 0 01 0 02 0-65 0-023 0*30 

(Organic acids, equiv- 
alent 285, and a weak 
base present; no fur- 
fural.) 


Totals. Per cent, on original, ash-free, dry dopplerite; water, 28-0; am- 
raoma, 0 05; bases, 0*02; phenols, 0-65;, acids, 0-14; neutral oils, 0*32, 
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The outstanding feature of the distillation is the quantity of 
water evolved, amounting to 28 per cent, of the dry dopplerite. 
The production of water reached its maximum at about 270^, 
above which temperature it decreased rapidly. Between 90"" and 
270^', the aqueous distillate was acid owing to the presence of 
acetic acid and, in smaller quantity, of more complex organic 
acids; above 270'", the aqueous distillates became alkaline, and 
only traces of acids (including formic acid at the higher temperatures) 
were present. Ammonia was present in all the fractions, but chiefly 
in those obtained above 400°, as were the organic bases. Furfural 
was produced in small quantity (0'03 to 0‘05 per cent.) below 270', 
but was not observed in the distillates obtained at higher teiii- 
peratures. 

Cresots, distilling between 190—200°, were isolated from the 
phenolic portion of the oils, their quantity accounting for about 
75 per cent, of the total phenols, which had the reactions of the 
simple phenols. No evidence was obtained of the presence of 
p 5 rrocatechol or other of the polyhydroxyphenols. 

A saturated hydrocarbon, m. p, 45°, was isolated from the neutral 
oils by fractional solution and crystallisation from pentane and 
alcohol. The neutral oils also contained a carbohydrate decom- 
position product; the remainder consisted of hydrocarbons, both 
saturated and imsaturated. 

Defaetwent of Fuke Technology, 

The University, Sheffield. [Received, April Utk, 1922 .] 


CCLXXXllL--Prep(iration of Sodium and Potamum 
Phthalimide. 

By Dalziel Lle^vellyn Hammick and George Hazlewood 
Locket. 

The preparation of the sodium and potassium derivative.^ of 
phthalimide by the original method of Landsberg {Ammkn, 1^82, 
215, 181) is unsatisfactory in several respects. Thus the use of 
ethyl-alcoholic solutions of the metal hydroxides involves, in each 
case, large volumes of solvent and, in the case of sodium hydroxide, 
the presence of water as well. Good yields of sodium phthalimide 
cannot therefore be expected by the action of aqueous alcoholic 
sodium hydroxide on an alcoholic solution of phthalimide. 

In order, therefore, to minimise the quantity of ethyl alcohol 
required, and, in the case o^ the sodium derivative, to avoid t e 
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presence of water entirely, alcoholic solutions of phthalimide were 
treated with solutions of sodium or potassium ethoxide. The 
yields of sodium and potassium phthalimide thus obtained were 
by no means quantitative. On working, however, in amyl alcohol 
solution with sodium or potassium amyloxide, very nearly quanti- 
tative yields of the metallic derivatives were obtained. 

Sodium Phihalimide (with ethyl alcohol as solvent). — Phthalimide 
(2*4 grams, previously dried in the steam -oven) was dissolved in 
80 c.c. of ethyl alcohol (distilled from lime), the solution heated 
to its boiling point, and a hot solution of 0-6 gram (IJ atoms) 
of sodium in 30 c.c. of ethyl alcohol added. When cold, the white 
precipiUte was filtered off, washed with ether (dried over sodium), 
and dried in the oven. The alcoholic filtrate, treated with ether' 
deposited a further quantity of sodium phthalimide on standing 
over-night. The total weight of dry salt was 1*37 grama (50 per 
cent, of the theoretical yield) (Found : Xa — 13-7. Calc., = 
13*6 per cent.). 

Potassium Phthalimide, (with ethyl alcohol as solvent). The 

procedure was the same as for the sodium derivative. The potassi urn 
ethoxide (IJ times the theoretical quantity) wa.s prepared by di.s- 
solving the potassium in alcohol diluted with dry ether, which was 
tlriven off when the solution was raised to boiling on the water- bath. 

Xo further precipitate was obtained on treating the alcoholic 
filtrate with ether. The yield was 68 per cent, of the theoretical 
(Found ; K = 21-3. Calc., K = 2M per cent.). 

Sodium Phthalimide (with amyl alcohol a.s solvent). The aravl 

alcohol used was di.stilled with benzene to remove water; the 
fraction used boiled at 129 — 129-r)’. 

Phthalimide {2-7 grams) was dissolved in 35 c.c. of amyl alcohol 
and treated hot with a liot solution of 1| times the theoretical 
quantity of sodium in 30 c.c. of amyl alcohol. The precipitate 
was cooled, filtered, and washed with ether. No further precipitate 
was obtamed from the filtrate with ether (yield 91 per cent.) (Found ■ 
Na = 13'8 per cent.). 

Potassium Phthalimide (w'ith amyl alcohol as solvent). The 

procedure was the same as that followed for the sodium derivative, 
ho further yield was obtained from the filtrate (yield 97 per cent ) 
(Found: K = 21-2 per cent.). 

The Dyson Perrins L.cbor.4tory, 

Oxford. [Rca iicJ, September 22nd, 1922.] 
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CCLXXXIV.-2 : ^-Biniirdbenzil 

By Gerald Bishop and Oscar Lisle Brady. 

The unsymmetrical benzils and their derivatives have not been 
studied to any great extent, although List (Ber., 1893, 26, 2451) 
has done some work on the oximes of o- and ^-nitrobenzils. A 
certain amount of interest attaches to these compounds on account 
of the peculiarities often associated with unsymmetrical substances 
and the possibilities of isomerism among their derivatives; for 
example, on the usually accepted theories, there should exist four 
monoximes and four dioximes and a similar number of phenyl- 
hydrazones and semicarbazones. Possibly the difficulty of pre- 
paring these derivatives has militated against their investigation, 
the usual benzoin condensation not being available, as this must 
result in symmetrical compounds. The unsymmetrically sub. 
stituted stilbenes seemed to be convenient starting materials, and 
the ease with which the unsymmetrical di- and tri-nitrostilbenes 
could be prepared by the condensation of di- and tri-nitrotoluenes 
with henzaldehyde led to the choice of these compounds for a 
preliminary investigation. Another method of preparation of etil- ^ 
benes was investigated, but without satisfactory results. It is stated 
(Curtius and Jay, J. pr. Chem., 1889, [ii], 39, 45) that the azines 
on distillation lose nitrogen to give stilbenes, CHRIN*XICHR -->■ 
CHRICHR + ^2' reaction takes place, but not so readily 
as one is given to understand; p-nitrobenzylideneazine on distil- 
lation in a vacuum is converted into 4 : 4'-dinitrostilbene, but when 
anisylideneazine is heated even under atmospheric pressure, much 
of the compound distils unchanged. This method would give 
symmetrical compounds, but it was hoped that the unsymmetricai 
azine could be obtained by condensing, for example, m-nitro- 
benzylidenehydrazine with henzaldehyde, and that the decom- 
position of these substances would yield the stilbene. 

NO^-CeH^-CHiN-NHa + CeHyCHO^NOa-CeH^-CHIN'NICH-CeHj^ 

NOyGgH^-CHICH'CftH^ f \ 

It was found, however, that treatment of the hydrazine with 
another aldehyde resulted in a mixture of the two symmetrical 
azines. 

The conversion of the stilbene into the benzil depends, in the 
first instance, on the formation of the dibromo-compound. A 
number of poly-nitrostilbenes were investigated, and it was found 
itihat addition of bromine took place but very slowly if more than 
bwD wtio-groups were present in one ring ; the 2 : 4-dinitro8tilbeDe 
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obtained by the condensation of 2 : 4.dinitrotoluene and benz- 
aldehyde in the presence of piperidine was therefore chosen. The 
subsequent conversion of this compound into 2 ; 4-dinitrobenzil 
may be summarised by the following reactions : 

(N02)2C,H3'CH:CH-CaH5 -> (N02)2C(.H3-CHBr-CHBr-C„H — > 
(N 02 ) 2 CaH 3 -CH(OH)-CH(O 2 C 2 H 3 )-CeH 3 -> 
(N02)2C3H3-CH(OH)-CH(OH)-C5H5 — > (NOjjjCjHg'CO-CO-CjHs. 

These caU for no special comment beyond the fact that the replace 
mmt of bromme can be effected only by means of silver acetate- 
alcoholic potassium acetate results in an almost quantitative 
regeneration of the original stilbene, not, as might be expected 
the acetylene derivative. ^ ’ 


(NOMHs^CEBrCHBrC.H, 


-f 2HBr. 


Forst and Zincke (Anmkn, 1876. 182 . 262) found that this reagent 
converted stUbene dibroraide into stUbene and oi-bromostilbene 
The position of the acetyl group in 2 : l-dinitrohydrobenzoin 
acetate lias not been proved, but it is reasonable to expect that 
it would take up the position more remote from the acidic dinitro- 
phenyl group. 

So far, only two of the four possible moiioximes have been 
obtained; a-2 : l-dinitrobenzilraonox-ime, formed by the action of 
hydroxyiamme hydrochloride on the ketone, does not possess the 
same configuration that List (loc. cii.) found for the oxime of 
o.nitrobenzfi obtamed in a similar manner. He assigns to his 
compound the structure (I) owing to its decomposition by alkalis 
into salicylic and benzoic acids through the indoxazen (II) ; 


C-COPh 

\/\HON 

NO2 

(b) 




C-COPh 

X 


0 

(ir.) 




carbonyl group 

transfoLar^ structure (III), as the Beckmann 

(^’02)2CoH3-CO-(:-C5H5 pci, T HO-C-CjII-l 

HON L(N03)3C3H3.C0.^‘ ' 1 

CPC'O.H 

(NOs) 3C,H3-CO-N ' ' ^ (N03)3C3H3-C0.3H + CjHj-CN. 
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Witt alkali, the a-monoxinie is decomposed with the production 
of benzaldehydo and dinitrobenzoic acid : 

HON 

(N02)2C6H3*C02H + CgHg-CHO + NHa-OH. 

13-2 ; 4-Dinitrobenzildioxime was prepared by the action of free 
hydroxylamine on an ice- cooled solution of the ketone, and this 
has a structure (IV) analogous to that of the oxime of List. The 
Beckmann transformation results in this case in the production 
of benzoic acid and diiiitroanilinc, 


(N03)3CA'|i”^’0-C,H, 


HO-C-CO'CfiH, 


(IV.) 


HON LlNOJ^CA-N 

(N02)2C6H3-NH2 + CgH^-COaH + H-CO^H, 


whilst the action of alkalis, even in the cold, is very rapid, giving 
benzoic acid and 4-nitrosalicyIonitrilc, the indoxazen (V) being very 
unstable and impossible to isolate. 


/\ 


NO, 


— C‘Corh 
HON 
NO.. 


NO.. 


-C-COPh 
1 1 


\/ ‘ 

0 

(V.) 


NO 


I tl+m-cm 


8o far, only one moiiophenylhydrazone and one semicarbazoiie 
have been prepared, but the configuration of these compounds has 
not yet been determined. 


L X r K R I M K N T A L. 

2 : 4.^DuiUws(ilbenc\-~T\\ o methods have been described for thr 
condensation of di- and tri-nitrotoluenes 'with aromatic aldehyde^ 
to give stilbenc derivatives. Thiele and Escales (Ber.f 1001, 34. 
2843) prepared 2 : 4-dinitrostilbcne by heating 2 : 4-dmitrotolueno 
with benz aldehyde in the presence of a few drops of piperidine for 
a short time at 160 — 170^ and then for two hours at 130 HO . 
Pfeiffer and Monath (Ber., 1006, 39 , 1306) prepared 2:4:(i-tii- 
nitrostilbenc and 2 ; 6-dinitrostilbene in a somewhat similar manner 
Later, Lllmann and Gschwind (Ber., 1008, 41 , 2296) prepaml 
2:4: 6-trinitrostilbcnc and 2:4:6: 4'-tetranitro8tilbene by cou 
densing 2:4: 6- trinitrotoluene with benzaldchyde and p*nitio* 
benzaldehydo in alcoholic solution in the presence of piperidiiir- 
These- methods ar(5 not entirely satisfactory, especially in the ca^c 
of the trinit I'O'C’om pound, wlijch, in the absence of a sohent, 
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very liable to inflammation owing to the vigour of the reaction. 
Better results have been obtained by the use of benzene as a 
-olvent) which moderates the reaction and avoids the formation 
of coniple^x compounds of the nitro toluenes with the piperidine 
and alcohol- 

A mixture of 180 grams of 2 : 4-dinitrotoIueae and 100 grams of 
benzaldehyde was dissolved in 70 c.c. of benzene, 1 c.c. of piperidine 
added, and the solution boiled on tile water- bath under reflux for 
twelve hours, an additional 1 c.c, of piperidine being added at the 
end of «ix hours. The benzene Avas then evaporated and the dark 
ii'own, crystalline mass washed with a mixture of equal volumes 
f benzene and light petroleum. I'he residue was dried and 
I’vstallised from glacial acetic acid, w'hen a 60 per cent, yield of 
)urc product was obtained. 

2:4 : 6-Tnmtrostildene.—A mixture of 20 grams of 2:4; G-tri- 
I it ro toluene and 9'6 grams of benzaldehyde wus dissolved in 
li<0 c.c. of benzene, a solution of To c,c. of piperidine in 10 c.c. 
jf benzene added with thorough shaking, and the mixture heated 
jnder reflux on the w'atcr-bath for three hours. Alcohol (200 c.c.) 
\m then added to the hot solution, and, on cooling and scratching, 
[he trinit ro.stilbcne separated in yellow^ crystals, which, after 
washing with cold alcohol, were practically pure, but may be 
crystallised from alcohol. Yield 80 per cent. 

2 : 4 : 6 : 2'- and 2:4:6; S'^Tetranitrostilbeacs . — To a benzene 
solution of 15 grams of 2:4: G- trinitrotoluene and 10 grams of 
0 - or m-nitrobenzaldeliydc, 1 c.c. of piperidine in 20 c.c. of benzene 
uas added and the niixturc heated under reflux on the water- bath 
for an hour. The mixture w’aa then cooled and the tctranitrostilbenc 
which crystallised out separated. 2:4:6: 2 '-Tctranitrostilbenc 
crystallises from alcohol in glistening, liglit brown needles melting 
at IHT {Found : N == 15'5. Ci 4 Hg 03 N 4 requires X — 15 ’5 per 
cent.). 2:4:6: 3'-Tetranitrostilbene crystallises from boiling benz- 
ene, to which a little acetone lias been added to increase the solvent 
i^iciion, in lemon-ycllow' leaflets melting at 150^ (Found : X — I5‘3. 
'i 4 WA ^4 requires X" — Ion per cent.). 

Monoacetyl -2:4- dinitrohjdrobcuzoin . — Idle 2:4- dinitrostilbene 
ias brominated in the way described by Thiele and Escalcs {loc. 
it) and the resulting 2 : 4-din it rodibriunostilbeno boiled Avith 
ilver acetate in glacial acetic acid .solution until no more silver 
Homide was precipitated (compare Foi>;t and Zinckc, loc. at., 
obtained a mono- and a di-acetyUiydrobenzoiii from stilbenc 
iibromide by this inelliod). On pouring into weder, a vellow, 
]iui.s,s separated wJiieli became partly ery.dalliiie after 
hours. A portion was ei’y.dalliscd from glacial acetic acid, 
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when the monoacetyl-2 : 4-dmitrohydrobenzoin separated in large, 
irregular, lemon-yellow crystals melting at 182“ {Found : Ac = 
C18H14O7N2 requires Ac = 12 '4 per cent.). Decomposition of the 
dibromodinitrostilbene with sodium or potassium acetate under 
various conditions resulted in its conversion into the original 
stilbene. 

2 : 4:-DiTiitrohydrobenzoi7i, — -The crude acetyl compound obtained 
above was hydrolysed by bofftng under reflux for an hour with 
alcohol containing 20 per cent, of sulphuric acid. On pouring the 
solution into water, a soft, wax-like substance was precipitated 
which, by crystallisation from alcohol, gave the 2 ; 4-dmitrohydro. 
benzoin as a white, crystalline powder melting at 148° (Found, 
N = 9-6. C14H12O6N2 requires N -= 9’2 per cent.). 

2 : i-DiniirobenziL — The above dinitrohydrobenzoin was heated on 
the water-bath with four times its weight of nitric acid {d T4) unti 
brown fumes were no longer evolved (about six hours). On pour- 
ing into water, a yellow, wax-iike solid was obtained which, on 
washing with a little ether, gave the dinitrobenzil in a crystailiiu 
form. T hi s was purified by crystallisation first from glacial aceth 
acid and then from alcohol, when the 2 : 4-dinitrobenzii wju 
obtained in canary-yellow, rectangular plates melting at 10o‘ 
(Found : N == 9'4. Ci4Hg06N2 requires N = 9*3 per cent.). The 
total yield of 2 : 4-dinitrobenzil calculated on the dinitrostilbene 
used was about 30 per cent. 

a-2 : 4,’Dinitrobenzilmonoxhne, n — 2 ; 4-I)i- 


nitrobenzil in alcoholic solution was heated with hydroxylamine 
hydrochloride (3 mols.) on the water-bath for two hours. The 
mixture was poured into water and the precipitated oxime crystal- 
lised from alcohol, Avhen it was obtained in pearly leaflets mcltiug 
at 181° (Found: N = 13-6. CiiHgOgNg requires N = 13-3 per 
cent.). 


^-2 : ■i-Binitrobenzilmonoximei ^ 6 ice- 

cooled solution of 2 : 4- dinitrobenzil in alcohol was shaken with 
excess of an alcoholic solution of free hydroxylamine, prepared by 
decomposing an alcoholic solution of the hydrochloride with the 
calculated quantity of sodium dissolved in alcohol. After a few 
minutes, a white precipitate appeared which at the end of an 
hour was collected, dried, and crystallised from benzene and lig t 
petroleum. The oxime was thus obtained as a white, micrqcry^ta • 
line powder melting at 159° (Found: N = 13'1. C^Hg §-3 
requires N = 13'3 per cent.). , 

Determination of the Configuration of a- and [3-2 : i-Diniiro enj 
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«-2 : 4-Dmitrobenzilmonoxime was dissolved in dry 
ether, cooled in ice, and the calculated quantity of phosphorus 
lientachloride added. After about an hour, a white substance 
began to separate and after five hours this was coUeoted, washed 
with a little alcohol and then with water, dried, and crystallised 
from benzene and light petroleum. The chloro-compound formed 
a white, crystallme powder which slowly decomposed on heating 
(Found N— 12-9. C^HgOsNjCl ‘requires N = 12-6 per cent.). 
Leaving in contact with moist ether resulted in the decomposition 
of this substance into benzonitrile and dinitrobenzoio acid, a result 
which can be brought about more readily by shaking an ethereal 
suspension with dilute sodium hydroxide solution. The ether 
layer on evaporation yielded benzonitrile, which was identified 
by its odour and by hydrolysis to benzoic acid and ammonia, 
whilst the alkaline layer, on acidification, yielded 2 * 4-dmitro- 
benzoic acid. When p-2 : d-dinitrobenzilmonoxime was treated in 
a similar manner, the intermediate compound was not isolated 
The ethereal solution was therefore shaken with sodium hydroxide 
solution; benzoic acid was separated from the alkaline layer, and 
the ether on evaporation gave an oil with a carbjdamine-like odour 
which on hydrolysis gave 2 ; 4-dmitroaniline. 

AcUm on Alkalis of and p.2 : 4.Dinitrobenzilmomxirm>.-The 
i-oxune, on heatmg on the water-bath nitli 2A.sodium hydroxide 
was decomposed, a strong odour of benzaldelivde being observed’ 
the benzaldehyde was distilled in steam and identified by the 
formation of the semicarbazonc. Tlie alkaline liquor on acidification 
gave a brown, amorphous precipitate which deflagrated on heating 
and appears to be the usual product of the action of warm alkalis 
on dinitrobenzoic acid. 

The Mximeis much more readily acted upon and treatment with 
cold .A -sodium hydroxide resulted in elimination of nitrous acid 
and decomposition of the resulting indoxazen into 4-nit rosalicylo- 
mtrile and benzoic acid. The oxime wa.s treated with cold 2.Y.sodium 
M-droxide and after leaving for a few minutes the solution was 
saturated witii carbon dioxide and extracted with ether The 
alkaline layer, on acidification and extraction with ether, yielded 
ethereal extract on evaporation gave 4-nitro- 
which, after cry.<tallisation from alcohol, melted at 
anri Porsche and Oppenheimer, Anmkn, 1912, 390 10) 

hydroi 3 'sis to 4-nit ro, salicylic acid and coin- 
pmson with another specimen of that compound. 

alcoholic solution of 

pWlhvdU'^^^ bleated on the w^ater-bath for an hour with 
y me (3 niols.). The mii^ture was poured into water 
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and the precipitated phenylhydrazone crystallised from alcohol 
when it separated in orange-red needles melting at 210 (Foiiri!l: 
N = 14-5. CjoHyOsNi requires N = 14-3 per cent.). 

2 : i-Dinitrobenzilm.onosemicarbazone. — An aqueous alcoholic soln. 
tion of 2 ; 4-dinitrobenzil was warmed on the water-bath for half 
an hour with excess of semicarbazide hydrochloride and potassium 
acetate The solution was poured into water and the precipitate 
crystallised from alcohol, when the semioarbazone was obtained 
as a white, crystalline powder melting at 215° (Found ; hi ^ ID-j, 
CisHuOjNj requires N = lO'o per cent.). 


The Ealph Forster L.woeatoky of Oroanic Chemistry, 

TTniyersity College, Losdon. [Recaved, September 26iJi, 192 l.i 


CCLXXXV. — Mutarotation arid Psewlo-mularotation ol 
Glucosamine and its Derivaiwes. 


By Jambs Colquhoiw Ievine and John Campbell E.ikl, 

In a previous communication (Irvine and Hynd, T,, 1913, 103 41). 
a description was given ol synthetical aminoglucosides derived 
d-glucosamine, and attention was directed to the curious ophi-i! 
behaviour of the compound then termed “ triacetyl a-amino!iclira 
hvdrobromide.-’ It was stated that the glucosidc .salt showed la 
nS alcohol an initi.al specific rotation of + 200'1» and lha, 
this value steadily diminished to + 43-5°, where it remaiuHl 
constant. As glucosides do not display mutarotation iiidu 
ordinary conditions, the suggestion was put forward that tfe 
change in activity might be due to interaction between the aldohi* 
group of the gluc'osidc and tlie .solvent alcohol. The name '■ FO«b 
metarotation-’ wa.s accordingly applied to the phenomenon, us it 


involved a reaction not readily reversible. 

An opportunity having arisen to resume our studies of g aai- 
amiue derivative.s, we have examined this case of pseudo-iuuu- 
rotation in greater detail and have included also a reinvcs(,^.i« 
of the normal mutarotation displayed by glucosamine 
chloride. As the observations made on the salt of the aim • 
sugar have an indirect bearing on its relation.ship to either ,lJe. 
or mannose, they may he discussed in the first instance. 

In describing our new results it is necessary to refer 
work on the subject, as otherwise confasion may ^nse o » 
the nomenclature formerly applied to 

Tanmt (BrtU. Soc. chim., 1897, [lii], 17 , f 02 ) recorded th ‘J, 
of two mo(ii(ications of glucoi^ainine hydrochloride which 
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entiated by the prefixes a and p. The former type showed in 
aqueous solution an initial specific rotation of + 100®, which 
diminished to the constant value + 72*5°. The variety of glucos- 
amine hydrochloride then existing in solution was isolated by 
precipitation with alcohol, and was termed the |3-form by Tanret. 
In the light of current views, this nomenclature is inexact, as, 
although the name “ a-glucosamine hydrochloride ’’ may justifiably 
|)e applied to the form showing downward mutarotation, the 
expression p should be reserved for the isorneride displaying the 
converse optical change. Tanret s “ [i-glucosamine hydrochloride ’’ 
is obviously an equilibrium mixture of a- and p^-isomerides, and it 
would appear that hitherto no workers have obtained a form of 
the amino-sugar showing upw'ard mutarotation, although, from 
analogy with other reducing sugars, such a form should exist. 
The isolation of authentic [i-glucosamine hydrochloride is, in fact, 
a matter of some importance, as it bears on the question of whether 
glucosamine possesses the glucose or mannose configuration. It 
has been established by Hudson [J. Amer. Chem. Soc., 1909, 31, 
06; 1910, 32, 889) that definite numerical relationships exist 
betw^een the molecular rotations displayed by a- and p-forms of most 
aldose sugars, the difference of the two values usually lying between 
the limits 16,500 and 18,500. Now^, accepting Taiiret’s figures for 
the varieties of glucosamine hydrochloride he describes, the mole- 
cular rotation difference is 5950. According to this result, glucos- 
amine is comparable, not with glucose, but with inannose, wliich 
show’s divergence in optical behaviour from the normal aldoses. 
It is dear, therefore, that failure to isolate a variety of glucosamine 
hydrochloride showing upward mutarotation would immediately 
place gluco.sani ine in the same category as juannose. On the 
other hand, if a form of glucosamine hydrochloilde were obtained 
which displayed on solution an increase of rotation in the dextro- 
sense, the optical values might conform to Hudson’s gencrali.sations 
and thus bring glucosamine into line wdth glucose. 

It has now been definitely established that Tanret s “ ,3-glucos- 
amine hydrochloride ” is not a pure optical variety, but a mixture 
of two forms showing widely divergent specific rotations. As 
described in the experimental part, this mixture was separated 
approximately by dissolving in water and pouring into alcohol, 
the a-form being thus precipitated and the more soluble 3- variety 
retained in solution. On the addition of ether, the 3dorm wa.s 
precipitated. This showed extensive upward mutarotation in the 
dextro sense when dissolved in water, and by systematic fractional 
precipitation a pure stereochemical form of ^-glucosamine hydro- 
c oride w^as finally obtained. A comparison of the reverse optical 
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changes shown by the two varieties of glucosamine hydrochloride 
is given below, only characteristic figures being quoted : 

a-Form. jS-Form. 

c = 1-3512. c = 1-369. 

+ 97 - 9 “ + 32 - 6 '> 

-f 93-9 + 38-3 

+ 84-7 + 5M 

+ 72-5 constant + 72-6 constant 

When the complete polarimetric records are plotted graphically 
the curves are perfectly normal and conform closely to those 
obtained with unsubstituted mutarotatory sugars. Extrapolation 
of the results gives the following initial values, which may he 
assigned to the two forms ; 

a-Glucosamine hydrochloride p-Glucosamine hydrochloride 
4- 100-0° 72*5° + 25-0° -> 72*6° 

On this basis, the molecular rotation difference is thus 16,160, 
and as in the case of glucose the corresponding constant is of the 
order 16,900, it follows that tlie divergence is less than O-o per 
cent.* Glucosamine therefore conforms to Hudson’s rule in the 
same manner as glucose, and is sharply differentiated in this 
respect from mannose. The result may be cited as additional 
evidence in favour of the glucose configuration for the amino- 
sugar. 

Turning to the quest irm of the pseudo- inutarot at ion formerly 
ascribed to triacetyl a-aininohelicin hydrobromide, we have ascer- 
tained that the tentative explanation put forward to account for 
this change is incorrect. When triacctyl bromoglucosamine hydro- 
bromide reacts with salicylaldchyde, glucoside-formation takes 
place only to a limited extent, the main reaction being condensation 
between the aldchydic group and the amino-poup. The product 
is therefore not a true glucosidc but saUcylidene triacetyl brmo- 
glucosamine, 

AcO-CH.'CH(OAc)-CH-CH{OAc)-CH-CHBr 

NICH-CsHj-OH 

The compound melts at 118°, and although unusual difficulties were 
encountered in obtaining consistent analytical figures, there can e 
little doubt from a study of its reactions that the formula given 

* It may be stated that Irvine end Hogg {T., 19U, 105, 1386), who deter- 
mined the molecular rotation difiereneo lor the a- and a-forms of ' 

glucose, obtained a result practically identical with that now establi e 
glucoaanune (16,141 compared with 16,160). 


Time of contact of 
solvent and solute. 
3 minutes 
14 „ 

45 „ 

20 hours 
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above represonta the correct constitution.* If the bromine atom is 
attached to carbon and is not present in the form of an additive 
molecule of hydrogen bromide, as was originally supposed, the 
compound should react with any hydroxy-substance’ to give the 
corresponding glucoside. Such changes would naturally result in 
alterations in rotatory power, but, on the other hand, the activity 
should remain constant in non-hydroxylic solvents. This view has 
been confirmed. 


Solvent. 

Initial 

specific 

rotation. 

Final 

specific 

rotation. 

Methyl alcohol 

+241-9® 

+48-4® 

Ethyl ,, 

197-7 

51-1 

Propyl „ 

182-1 

49-9 

woButyl „ 

182-2 

55-6 

Amyl M 

169-5 

54-5 

Benzyl „ 

218-4 

32-4 

AUyl 

192-8 

75-6 

Methyl malate 

336-8 

251-9 


Initial specific 
Solvent. rotation. 

Salicylaldehyde +198-2® constant 

Chloroform 199-2 constant 

Acetone 195-2 constant 

Ethyl acetate 177-7 constant 


With the exception of the one solvent which contained a phenolic 
group, all the hydroxy-compounds reacted with the solute, whilst 
non-hydroxy-compounds were without effect. The general reac- 
tions involved in the pseudo-inutarotation were ascertained by 
examination of methyl alcoholic solutions. On isolating the 
product after six days, the chief constituent was found to be 
2-salicylidene-3 : 5 : 6-tnacetyl-l -methyl glucosamine (that is, sali- 
cylidene triacetyl methylglucosamine). At the same time, free 
hydrogen bromide was formed, and this graduaUy removed the 
salicyHdene residue, so that when the pseudo-mutarotation extended 
over several weeks the final product formed was 3:5; 6-triacetyl-l- 
methyl glucosamine. These results are in themselves quite con- 
clusive, and were supported by the reaction between triacetyi 
brornoglucosamine and o-methoxybenzaldehyde. Although no 
Hydroxyl group was present in this case, the aldehyde readily 
^teredinto condensation, giving l-bromo-2-o-methoxybenzylidene. 
3 : 0 : 6-triacetylglucosamme. This compound likewise exhibited 
pseudo-mutarotation when dissolved in alcohols, giving in the 
case of methyl alcohol triace tylmethylglucosamine as the final 
product. 


The analytical values quoted by Irvine and Hynd {he, cU.) on which 
™ regarded as the hydrobromide of an acetylated 
Zt w K confirmed on more than one occasion, but theLme- 

meat with the calculated value for carbon is fortuitous. In tee case ^The 

pjJtS estimations, the calculated composition ia 

thusLfr r^- derivative or the saUoylidene compound. 

^ analysis was not discriminative. 
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Experime^ttal. 

holalion of ^-Glucosamine HydrochU/nde. 

The glucosamine hydrochloride employed was prepared « 
formerly described (Irvine, McNicoil, and Hynd T.. 19 I, 99, 
256) by the hydrolysis of chitin isolated from lobster shells As 
the reorvstaiiised material consisted largely of the «-form it ivas 
dissolved ill water and after heating the solution on a watcr-ktl, 
lo promote equilibrium with the ^-variety it was poui-cd into a arg,- 
excess of absolute alcohol. The precipitated salt was then iiitiTol 

"“le£'l.--Mfleen grams of the dry solid were tinely powdeivt 
and shaken vigorously in the machine for ten imnutes with .ate,-, 
of cold absolute alcohol. The luiclissolved salt was removed uiul 
500 e c of benzene were added to the filtrate, which was aga,i, 
shaken for twenty minutes. Daring this treatment a small cro,, 
(T8 grams) of p-glucosamine hydrochloride graduaUy sepamteu. 
After drviim this gave correct analytical figures and showed the 

1 ^ — > -f 71-7®. The method gives 

upward mutaroiaLion ^ -r ‘ 

the fl-compound directly in a pure optical condition, but as the 
yield is small the process is not so advantageous as the altcmatnc 
now described. 

Method //.-i’lfty grains of glncosanime hydrochloride «rr 
dissolved m 125 c.c. of water, the solution bemg heated on a water, 
bath for twenty-five minutes and kept over-nighk Thereaf e. 
the liquid was poured into 375 c.c. of absolute alcohol and after 
shaking for ten minutes the precipitated salt (fraction A) 
removed and the filtrate pomed into a mixture of 2o0 c.c. of akolute 
alcohol and 250 c.c. of ether. The liquid was again snakeii for 
ten minutes and a second fraction (B) collected, a third fraction 
(C) being obtained on pouring the filtrate into a mixture o -d c. . 
of absolute alcohol and 500 c.c. of other. The weights and optical 
behaviour of these fractions are shown below : 


(A) 27*75 grams, [aj^ + 87*0'’ • 

(B) 4*2 „ [^Id + ‘ 

(C) 5*8 „ [a]D + 32'6^' 


. + 72*7'" in 24 hours, c ^ 1 
- + 72*3^ „ 1 , c = l 

H-71*7^ „ » c = l 


In the course of repeated preparations glucosamine hytehlo* 
corresponding with fraction B was accumulated and sub]eotM 
the same process of fractional precipitation by the use o a _ 
and ether. In this way, additional quantities of fractron > 

obtained. The combined material constitutmg fraction . 

again precipitated fractionaUy. but as no alteration m the »» 
sjecific^rotation was obtained, it was evident that the above prooe 
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gives the compound in an optically pure state. Beyond what is 
stated in the introduction, no details need be given of the down- 
rard mutarotation shown by oc-glucosamine hydrochloride, as this 
form of the compound was prepared in the usual manner by crystal- 
lisation from a hot concentrated aqueous solution. 

Comparative experiments showed that the p-form reacted more 
readily with acetyl bromide than the ooisomcride, giving improved 
yields of triacetyl broinogluco.sauiitic. 


Cmn^altOH of Saluylald.Mude with Triaulyl llromoghwommhw. 
It has been frequently empba.sisml l,y previous workers that 
in all reactions involving the use of triacetyl bromoglucosamine 
.„.„.s(urc nimst be rigidly excluded. Tliis precaution i.s iu.stified 
ind was adhered to in the present Work. 

Tlic above condensation wa.s carried out on numerou.s occasion-- 
,ut only one typical experiment need be quoted. 9'7 Gram,s of 
:l,e recrystallised brorao-compound (1 mol.) were suspended in 
» C.C. of e her imd 1-6 e.e. of pyridine (1 mol.) together with 
,-c e.c. of .sa icylaldehyde (3 raols.) were then added. The mixture 
,vas diakcn for one hour and, after filtration, was precipitated by 
k addition of light petroleum, the product separating as a mass 
. kiUiant yeUow needks. Yield 6-7 graims. Purification was 
fiected by solution m ether and precipitation with light petroleum 
lad, alter four orystaUisat.ons by this method, the compound 
oo puie. -^though the ma.ximum melting point recorded was 
lb , average specimens show 109— 110^ 

It was not found possible to obtain consistent analytical results 
.y the combustion process, the carbon values iu particular showing 
onsiderable variation. The nitrogen content is too small to 
-ftoid rustwortby evidence as to composition, but, on the other 
Md, bromme estimations gave concordant results. Although 
divi «al combustions varied greatly, the analytical figures now 
uoted represent the mean of five analyses carried out on inde- 
Ment preparations and indicate the composition (Found : C = 

! = 4-66 ■ Br = 1 r-n-i” ‘^Js^aa^sNBr requires C = 4S-30 ; 

^‘actions of thn " The analyses, together with the 

T ^“'"Pound, show it to be l-bronio.2.salioylidene,- 

!««) salicylidene triacetyl bromo- 

!*•« of Methyl Alcohol on l-Bromo-UalicylidencS : 5 ■. Macctyl 
Glucosamine. 

N prSrvId for^“‘“!i j'''°'»°-derivative in methyl alcohol 
P or SIX days and the solvent then removed under 
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diminished pressure at the temperature of the room. A aeoi. 
crystalline syrup remained which, after repeated solution m metiyi 
alcohol and precipitation with ether, yielded l-methyl-3 : 5 : 6. 
triaoetyl glucosamine hydrobromide (Irvine and Hynd loc. cii.), 
which was identified by analysis and specific rotation. The mothet. 
liDuors gave a smaU quantity of a golden-yeUow, oryst^me solid 
Xch proved to be 2-salicylidene-3 : 5 : 6-triacetyl-l-methyl gluws. 
amine [Found : OMe = 6-51. C„H,sOsN(OMe) requires 0 fe . 
6’ 15 per cent.]. When the action of methyl alcohol on|^cylideQe 
triacetyl bromoglucosamine was prolonged for several weeb, i 
diiierent result was naturaUy obtained. On removmg the solved 
as before and crystalUsing the residue by solution in a smaU quantity 
of methyl alcohol, foUowed by addition of ether, a white ciyst*. 
soUd was obtained. This melted and decomposed at 233-234 and 
showed [«]n + 21-7° in methyl alcoholic solution. These constant 
together with the analytical results show the product to h 
3 ; 5 : 6-triacetyl 1-methyl glucosamine hydrobromide (that s 

tiiacetyl methylgluoosamine bydrobromide). 

No description need be given of the action of o-methoxybem 
aldehyde on triacetyl bromoglucosamine or of the action of mctliy 
alcohol on the product, as the methods employed were eiactlj 
similar to those described above. In this case also, the ultunat, 
decomposition product proved to be triacetyl methylgluc— 
hydrobromide [Found ; OMe = ST ; Br = 9J2; [«]„ = + 2 t 
dLomposition point 232“. Ci,H,,0,(OMe),HBr requires Olfe. 
7-75; & = 19-97 per cent.; [ct]„ = + 20-3“; decomposition pom 

230-^233°]. 

The authors desire to express their thanks to Alexander D. Modi 
(Carnegie Scholar) for much valuable assistance. 
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CCLXXXYl.—Salicylidene Derivatives of 
d-Glucosamine. 

By James Colquhoun Ibvke and John Campbell E.«l- 

In the preceding paper it is shown that # 

readfiy with the ammo-group of triacetyl bromo^“— 
give a characteristic saUoyhdene denvative. The ^hly 
bromine atom present in the glucosamine chain takes no p 
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this condensation, and the reasonable conclusion mav b, a 
that any substituted glucosamine, in the t^ZnZ t ^ 
rfl react in a similar manner. This eApectaZ has 
and typical salicylidenc derirativero ‘ itosin 
described. As these compounds are f u ^ 

,ith ease, and possess oonrenient solubilities, th™ aro'Sfe 
of servme rn developing the chemistry of 

.It in" hSng “he 

u,d then agitating the solution with salieylaMchyde' “hf sJcJ 
dene derivative generally separates directiv in ih 7 n ^ ‘ 
oiidilioii. The properties of foe typical e van 1 f 

uminarised, as their study lias opened mil ' 
lira! considerations, ' ^ mtev,,tmg theor- 

arct^j'i-l.iTOthyl glucosamine Palo yellow 
, 2-SalK,ylniGne-3 ; 5 ; fj-tri- ^ 

.wlytl-othyl gluTOsaniino Pale yellow- 
l-bromo-2-sa)K-y]jf]enc^ 


lofc 


yi p. 

]S3-ri^ 

[aji, m 
mctliyl 
alcohol. 
+ n.o'’ 

Yield 
per cent. 
99 

120 

+ 2-2 

26 

lol 

+ 75-7 

80 

135 

^40-7 

88 

m 

+ 2410 

65^70 


™cdhy!gIucosa,nineisthu,s^^ 

■'■io'.dy suggested for this co.npounr ' 


OH-CH,'CH(OH)'CH-CH(OH)'CH-(|;h 
A~ o 
/ \ 

H H CHa 

'’^'"Oglueosaraine, which i 

*"ZZl:,TT' 

0h.OiH. ' ' “"d ‘he compound mus 

4 U 
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therefore possess the normal structure chaiJacteristic of rcducihg- 
sugars : 

1—— , 

AcO'CH 2 'CH(OAc)'CH-CH(OAo)-CH{OT 2 )*CHBr, 

It follows that the corresponding salicylidcnc derivative in which 
the reactive bromine atom is retained must also be an open chaia 
structure : 

I 0— , 

AcO‘CH2'CH{OAc)‘CH-CH{OAc)-CH— CHB r 

n:cH‘0,h,*oh ‘ 

When this compound reacts with methyl alcohol to give a 
“ raethylglucoside ” there seems no reason why profound structural 
alteration should accompany the change, and the compound 
formed may be termed 2-salicylidcne‘3 : 5 : 6' triacetyM -methyl 
glucosamine, 

I 0” — n 

AcO'CH 2 'CH(OAc)-CH'CH(OAc)-CH-CH-OMe 
NICH'CeH^'OH ‘ 

The reactions sketched above have been carried out, and the 
final product proved to be identical with that obtained when 
saiicylaldehyde was condensed with triacetyl mcthylglucosamme. 
In other words, no isomerism is involved if the order of intro- 
ducing the methyl group and the salicylidcnc residue is varied, 
The argument leads to the conclusion that triacetyl methyl- 
glucosamine is not constituted on the betaine model, but that a 
change to this type occurs w^hen the acetyl groups are eliminated, 
It is, of course, possible that triacetyl methylglucosamine may 
exist in both forms, and in the experimental part a l^vorotatory 
isomeride of this compound is described. This new variety is being 
further investigated, but the combined results submitted evidently 
afford strong support to the \iew formerly expressed that in 
methylglucosamine the alkyl group is directly attached to the 
nitrogen atom. 

E X P E R I M E T A L. 

Sal ictjlidene Glucosamine. 

Ten grams of glucosamine hydrochloride (I mol.) and 63 grams 
of sodium bicarbonate (1^ mols.) were dissolved in 100 c.c. of 
water, and 6*3 c,c. of saiicylaldehyde (1 mol.) added. The mixture 
W'as stirred vigorously at the temperature of the room, and in 
thirty minutes the separation of crystals commenced. Stirring 
was continued for three and a lialf hours, when the product 
filtered, washed with cold \vat(T, and dried in a vacuum. The 
yield was 13 grams (99 per^ cent,). After rccrystallisation from 
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methyl alcohol, the compound melted sharply at 183’5® (Found : 
C = 54-92 ; H = 6'18. requires C = 55-09 ; H = 6 05 

per cent.). 

Salicylidenc glucosamine crystallises in bright yellow needles, 
insoluble in chloroform, but readily dissolved by hot methyl or 
ethyl alcohol. The compound was easily hydrolysed by dilute 
aci^, giving salicylaldchydc and the corresponding salt of 

glucosamine. 

^■SalicylidcTicA-methjl Glmosamine (Salicylidene Methyl- 
glucosamine). 

7'3 Grams of recrystallised metliylgluco.saminc hydrochloride 
ivcre dissolved in 100 c.c. of water containing 3'7o grams of 
sodium bicarbonate and 3-2 c.c. of salicylaldehydc. The liquid, 
which was stirred for two hours, soon acquired a yellow colour 
and deposited a cleSh syrup, which adlicred to the .sides of the 
vessel. Excess of chloroform was then added and the mixture 
was shaken repeatedly with this .solvent, and after drying the 
extract over magnesium sulphate, it W'as evaporated to a small 
bulk. On the addition of light petroleum, the product separated 
in a semi-crystallinc condition. Purification was effected by again 
dissolving in chloroform and precipitating in the manner described 
above, salicylidene methylglucosamine being thus obtained in 
bright yellow needles melting at 120“. The yield from the experi- 
ment just described was 11 grams (26 per cent.), and this was not 
improved in subsequent preparations [Found : C = 56'33 ■ H = 
6 ’ 41 ; OMc = 9-63. CjjHjgOjNIOMe) requires G = o6'56- H = 
6'39; OMe = 10'47 per cent.]. Salicylidene methylglucosamine is 
readily hydrolysed by acids to regenerate methylglucosamine. On 
the other hand, the action of nitrous acid involves the removal of 
the salicylidene residue followed by the elimination of the amino- 
and glucosidic groups. 


tSalkylidem-Z : 5 : 6-triacel^U. methyl Glucommine (Salicylidene 
Triacetyl Methylglucosamine). 

Two distinct methods were employed in the preparation of this 
compound and their significance is referred to in the introduction 
Mkod I.~A solution of ,r3 grams of l-broino.2.salioylidene. 
mixed^thT^ glucosamine in 30 c.c. of methyl alcohol was 

room for P’® mixture was kept at the temperature of the 
Tte filtni hyclrobroniidc gradually separated. 

re“ duMb- diminished pressure, gave a solid 
which was recrystallised from alcohol. Yield .% per cent. 

4m2 
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Method I/.— 8’2 Grams of recrystallised triacetyl bromoglucos- 
amine hydrobromide were dissolved in 100 c.c. of methyl alcohol 
containing I’Of) c.c. of pyridine. The solution was set aside for 
twenty hours, filtered, and concentrated to a small bulk^ at 25^/90 
inm. Thereafter a solution of 3*5 grams of sodium bicarbonate 
in 40 c.c. of water was added together with 1*95 c.c, of salicyb 
aldehyde. Vigorous stirring occasioned the separation of the 
crystalline product, which, after thirty minutes, was filtered and 
washed with cold water. One recrystallisation from alcohol gave 
a pure product melting at 151-lo2^ Yield 80 per cent. (Found : 

06-93; H-6-25; OMe - 8-2. C\oH2509N requires C -: 

56’71 ; H 5*95; OMe = 7-3 per cent.). The salicylidene deriv- 
ative eiystallises hi pale yeUou', prismatic needles readily soluble 
in hot alcohoi; [a]j, in methyl alcohol + 75-7^ for c 1. The 
three acetvl groups in the compound are remarkably stable, but 
were (luantitatively removed by distillation with 15 per ceiif. 
sulphuric acid. After four hours’ treatment with absolute alcohol 
saturated with ammonia at 0°, no acetamide was formed, and 
70 per cent, of the original material was recovered unaltered 
(Fischer, Ber., 1014, 47, 218). 

Action of XKroiis When salicylidene triacetyl methyl- 

glucosamine was suspended in water and an aqueous .solution of 
nitrous acid (prepared from silver nitrite) gradually added with 
vigorous stirring, no visible i-eaction ensued until the temperature 
was raised to 50 h The solid then passed into solution with copious 
evolution of nit rogen and liberation of salicylaldchyde. On neutral- 
ising the solution with barium carbonate, a quantity of s<ilicylidene 
triacetyi mothyl^lueosamine was regenerated and was precipitated 
in tb(^ crystaliiiie state. The filtrate was evaporated to dryness 
under diminished pressure and extracted with boiling alcohol. 
This extract contained a glucosidic syrup, which was deacctylated 
by boiling with acidified methyl alcohol. After neutralisation wdh 
silver carbonate and removal of the solvent, a non-crystalline 
syrup remained which behaved as a glucosido towards Fehhng.s 
solution, but could not be identified either as methylglucoside or 
met hy Im annos ide . 

2.SaUcylidene-Z : 3 : 64riaceUjlUthyl Glucosamine (Salicylidene 
Triacetyi Ethylglucosamine). 

starting from triacetyi ethylglucosamine, the usual method oI 
preparation was employed and gave an 8S per cent, yie c o n 

C,ftHo,OoN(OEt) requires C ^ o7*G3; H = 6'18, QEt- lO- P 
cent.] In every rc.spect the compound resembled the coiw- 
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spending methyl derivative, m. p. 13l», [«]„ in niethyl alcohol 
^40-7 fore = 1. 

y.a-.e-Trmcetyl.Umth/l Glucosamine. (Triacetyl Methylglucos- 
aiTiiiie). 

For reasons given in the introduction, the preparation of this 
compound from triacetyl bromoglucosaiuine ^^-as repeated. 

(a) Using pyridine : The method adopted rva.s identical with 
that described by Irvine, McNicoll, and Hyiid {loc. cil.), and the 
properties previously assigned to the product were cimfirmed 
The specific rotation in methyl alcohol wa,s, however .sliehtlv 
lii^^hcr {-f 23 '3° in place of -f- 20"^). 

(i) Using m.orphme : Thi.s preparation wa,s conducted according 
to the variation recommended by Irvine and Hynd (T., 191;) 101 
1137) .and the crude jiroduet wa.s Ciystallised rcpeatcdlv by solution 
in methyi alcohol and the addition of ether. The llnely divided 
.«olicl was then extracted with methyl alooliol in the cold the 
filtrate being concentrated and precipitated with ether. Repetition 
of those iirocesses gave a small, crystalline crop which decommised at 
201-202'' and .showed [«]„ in methyl alcohol - for c = IsSCtO 
[Found : C =- SO'OO ; II o'79 ; Ojfe ^ 81). Cj.,H,,0-X(0-Me) HBr 

requires C = 38-99; OMe 7-7.3 per' cent] Xo 

morphine aminoglucoside was present, and the compound i-s thus 
a new- .stereoisomeric form of triacetyl methylghicosamine hydro- 
bromide. 

( 'il EMI r A L ResK ARCH R A 13 O R A TO R Y , 

United Collec.k or St. 8ai.\ ator and St. JaKoxARD, 

tw-ivERsiTv OP S-r. .Andkews. -Umiad. In//,, ipoe,] 


CCLXXXVII. The Mohililii of Symmetrical Triad 
Systems. Part I. The Conditiors Pelaiing to 
Systems Terminated by Phenyl Groiqd.^t. 

By Chektopher Kelk D-ciold and He.np.v Alpekd Pwgott. 

Ih?™ comparativolv 

foL7a rHi\- V-V ^vst. ins of the general 

subject - ^ fall w ithin the pm view- of this 

Group (i) I carboxyl group, [ tIjOrt'iO 
Kii) the acmitro-group, (HJO'N.'O 
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'(iii) the diazoamino-system, '[HlN’KiN* 

(iv) the amidine system, ^ 

roup ^11) I methylenemcthylamine system, •[H]C*N:C* 

[(vi) the three-carhon (propene) system, ’[Hici-tit 

With regard to the first two (group i), the circumstantial evidence 
as to the equivalent functions of the two oxygen atoms is' of the 
strongest character, hut only the last four systems (^oup ii) are 
capable of being investigated as regards their mobility by the 
methods illustrated in this paper. It is proposed to investigate 
the behaviour of these four systems when at«iched^ to different 
types of terminal group, the present paper being primarily concerned 
with the terminal phenyl group, and hence with the comparison 
of the following four substances : 

(I.) NHPh'NINPh CHgPh-NiCHPh (in.) 

(II.) NHPlnCHiNPh CH^Ph-CHiCHPh (iv.) 

Some of tlie data necessary for this comparison are already on 
record and the remainder is given in the experimental portion of 


this paper. 

The proof of the mobility of the threemitrogen system present 
in diazoaminobcnzeiic (1) rest.s on two types of evidence, both of 
wliich find their parallel in tlie experiments described hereunder : 

(.4) Proof that only a single substitution product exists where 
two substances having formulae (V) and (VI) might be expederl 
(Griess, Amialcn, 1806, 137, GO; Ber,, 1874,7, ICIO; and others). 

(B) Proof that tlie single individual referred to under (d), on 
fission at the double bond (a.s by reduction or hydrolysis), gives 
four products, two derived from the two fragments of each of the 
hypothetical substances (\’) and (VI) (Noolting and Binder, Ber., 
1887,20,3005; and others). 


(V.) X'C,lIpNH-N:N*C,H, CcH,-NH*N:N-C6H,X (VI.) 
The same two types of evidence have been advanced in relation 
to diphenylformamidino (IT) and its derivatives (Marckwdd 
Annalen, 1805, 285, 348; von Pechraann, Ber., 1897, 30, liS , 
and earlier; Wheeler and Johnson, Brr., 1899, 32, 3o, and ear kt). 

In view of these facts, it was at first a matter for surprise to iis 
on turning to the third of the four systems under comparison m 
both the above mobility tests (/I and B) failed when 
derivatives of benzylideiudienzylaminc (III)> ^ WVTII) 

monosubstitution products of the geniTal tyjies (\I ^ J 

as well as similar disubstituiion products, not only wer 
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•from one another, but also, apparently, were quite incapable of 
interconversion. Each individual, moreover, on fission, by acid 
ihydrolysis, at the double bond gave two, and not four resultants, 
'the two being the aldehyde and amine by the interaction of which 
the substance in question was originally prepared (examples 
■pp. 2385, 2386). ^ ’ 

The three-carbon system present in cty-diphcnylpropene (IV) has 
;a special interest in view of the chase analogy between this substance 
.and glutaconio acid, the three-carbon system of which is known to 
ipossess a high ^gree of mobility. The application to glutaconio 
:acid of method p) (above) was accomplished by Thole and Thorpe 
i(T., 1911, 99, 2193), who proved that «- and y-alkyl derivatives, 
which, from the manner of their synthesis, would be expected to 
have formul® such as (IX) and (X), were actually identical; on 
(IX.) COaH-CHR-CHlCH-COjH CO^H-CHyCHiCR-COjiH (X.) 
the other hand, evidence of type {B) is to be found in the recent 
experiments of Feist, who, in several instances, obtained four 
products on fission by oxidation with ozone, two corresponding 
with each of the two static formul® of the sub.stance {Anmlen 
1922, 428, ol, 71). The glutaconio acids, therefore, respond to 
both mobility tests, and it was fully expected that the Ky-diphenyl- 
propones, in view of tlieir close relationship with the glutaconio 
acids, would behave in an analogous manner. It was found 
however, that the two pheny! groups in diphenylpropene are not 
oquivalcnt, and that corrcsironding substitution products of type.s 
(XI) and (XII) show no tendency to undergo conversion one into 
the other (test A); each individual, moreover, on oxidation by 

(XI.| X-CjH^-CHyCHlCH-CeHj CoHs-CHyCHX’H-CcHjX (XII.) 


permanganate (test B) gives, not four, but two fission products 
corre,sponding with the particular .static formula assigned to the 
substance (examples, pp. 2380, 2389). 

From the above sunnnary it will be evident that the molecular 
machinery necessary to produce a condition of iautomcrism cannot 
comrst solely of the formal “ tautomeric system ” and a potentially 
mobile hydrogen atom in the correct jiosition. Some activating 
factor or condition must also be present, for only on this supposition 
an wc account for the contrasts to which attention has been 
. c c( . s to tile nature of this factor, a certain amount of 
guii ancc can be obtained from a eonsi.leration of tantomerism in 
It J*"' ° "thfr propprtie.s of the systems under review, 

imnort"* *0 assume a.s a condition of first 

stomsr^i'r ‘fftwminatiou of mobility that the et-hvdrogen 
hould bo capable of being easily detached from tlie tautomeric 
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system. In the carboxyl and acinitro- groups (systems i and ii)^ 
the mobility of which is probably mucli greater than in any other 
case, we have clear evidence of the easy detachment of the mobile 
hydrogen atom in the facility with w'hich it can be replaced by an 
alkyl group (esterification). The mobile hydrogen atom in diazo- 
aminobenzene can also be replaced by an alkyl group, but it is 
necessary in this case to use alcoholic sodium ethoxide and an 
alkyl iodide, just as in the alkylation of unsymmetrical systems 
such as that present in ethyl acetoacctate. The same is true of 
amidines and glutaconic esters. It will be observed that in all 
these cases the systems capable of alkylation mobile systems. 
On the other hand, ay-diphen 3 dpropene (although formally so similar 
to glutaconic acid) and benzyl idciiebenzylaraine cannot be alkjiated 
by the ordinary methods; both these ty])cs are non -tautomeric. 
Evidently, the concurrence is far-reaching, but to w'hat extent it 
will hold in border-line cases such as that of indene, which is alk\b 
ated with difficulty, it remains for future experiments to show. 
Indene, and the analogues of indene and of glutaconic acid con- 
taining the system in place of •CH^'CHiCH*, are cases 

the examination of whicli is in progress. 

From the above parallelism it is possible to draw two conclusions 
relating to the conditions necessary for the activation of a ])otentially 
tautomeric system : (a) that the activating condition is dependent 
primarily on the a -atom of the system, and is associated with the 
easy detachment of hydrogen from this position; [b] that the 
activating condition is one of the well -recognised group of related 
characteristics generally supposed to be associated with negative 
electrical polarity. Hcncc it is that the greatest mobility is 
observed when the a-atom is oxj^gen (systems i and ii), inter- 
mediate mobility wdicn it is nitrogen (systems iii and iv), and least 
mobility when it is carbon (systems v and vi) ; hence, also, the fact 
that in the last case mobility is only observed when a definite 
negative jiolarity is “ induced by strongly polar attached groups, 
as in the glutaconic acids. It must be admitted that questions of 
polarity are but little understood at present, and that much more 
information is required before the somewhat approximate general- 
isations given above can be replaced by a precise statement of the 
conditions for tautomerism, the complete eluciclation of which forms 
the object of researches now' in progress. 

Experimental. 

[A)~ Preparation of m- ami p-N itrobcnzyhmine. 

These bases w'ere prepared by Gabriel’s method. Hafncr (Ber-i 
1890, 23, 338) has prepared |)-nitrobenzylaiuine in thia 
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gives no details. In preparing large quantities, it was found 
convenient to hydrolyse the phthalimides by sulphuric acid, in 
place of hydrochloric acid at 200°, the reagent employed by 
Gabriel. 

The phthalimides were prepared by heating the appropriate 
nitrobenzyl chlorides with potassium phthalimide for half an hour 
by means of an oil- bath, the temperature of which was gradually 
raised during this period from 100° to 115°. It is essential to 
adhere to these conditions, as otherwise, either condensation may 
not take place, or the whole mass may suddenly carbonise with 
large evolution of gas. In any case, it is advisable to keep the 
mixture under close observation and add water at the first signs 
of self-heating. The product was isolated in the manner described 
by Gabriel (J5cr., 1887, 20, 2227) for the ortho-compound. 

The crude washed phthalimide, di.ssoIved in the minimal quantity 
of cold concentrated sulphuric acid, Avas treated with water until 
the precipitate first formed just failed to redissolve. The solution 
was heated until a test portion gave no precipitate on cooling 
and diluting Avith Avaler, then diluted, rendered strongly alkaline 
with sodium hydroxide, and extracted Avith ether. The base was 
extracted from the ether by dilute hydrochloric acid, from which 
it was rccoA^'ered in the form of its hydrochloride hy evaporation. 

{B)- Preparation of Isomeric m-Nilw~, p-Nitro-, and mp-Dmitro- 
dcrivatives of Benzylidenebenzylamine. 

General Method of Equivalent quantities of the 

appropriate aldehyde and amino Avere mixed in ethereal solution 
at the ordinary temperature. The ether Avas allowed to eA^aporate 
and the product crystallised. 

General Properties.— The folloAAiiig six substances are stable 
toAvards Avater and dilute alkalis, but are hydrolysed by mineral 
acids into the aldehyde and amine from Avhich they AA'cre formed. 

CgHs-CHIN-CH^'-CgH^-NOa, crys- 
tallise-s from alcohol in dcu.se prisms, m. p. 71° {Eound : C == 70-0; 
H -= 0'4. Ci4Hj.>0.p\2 requires 0 = 70*0 ; H ^ o-O per cent.). 

/ ne, crys- 

tallises from alcohol or ligroiti in laminic, m. p. 56° (Found : C — 
d)*3; H = 5*4 per cent.). 

C5H5-CH:N-CH.>-C6H4-NO.,,separ. 
ates from alcohol in short, dense prisms, m. p. 42° (Found : C = 
(t9'8; H = 5*2 per cent.). 

CgHs-CHo'XX’H-CeH^-NOa, separ- 
^esfrom alcohol in long, thin lamime, m. p. 62° (Found : C = 70*1 ; 
H = 5*3 per cent.). 
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'p-Nitrobenzylidenc-m-nitrobei^:^yhmine, 

ip) N02*CeH4*C:HN-CH2-C6H4-N02 (m), 
crystallises from ethyl acetate in colourless needles, m. p. ijjo 
(Found : N = 14-7. C 34 H^j 04 N 3 requires N = 14-7 per cent.) 
This m. p. is the same as that of the next compound, but a mixture 
of the two melted below 100°. 
jn^Nitrobenzylideiie-'p-nitrobenzylaminei 

ip) N02‘C6H4*CH2*N:CH‘C5H4*N02 (m), 
crystallises from ethyl acetate in needles, m. p. 115° (Found* 
N — 14-8 per cent.). 

(C ) — Condensation of ^‘Phenylpropionic Acid uith AnisaJdehyde ' 
Formation of p-M ethoxy- oL~benzylcimiamic Acid and x-Pkenyl 
y-p-methoxyphenyl-A^-propene. 

Sodium p-phenylpropionate (150 grams = 1 moL), anisaldehyde 
(105 grams ~ 1 moL), and acetic anhydride (105 grams — 1-2 mols.) 
were heated together for nine hours at 1 52°. The product was poured 
into an excess of sodium carbonate solution, distilled in a current of 
steam to remove the excess of anisaldehyde, and extracted with ether. 
a-Phenyl‘y-p-mfihoxyphenyl'ls,^-prope7ief 

0Me-0(;Hp0H:CH*CH2'C6H5. 

•—The viscous, yellow oil which remained when the ether was 
dried and evaporated consisted largely of the m ethoxy- hydro- 
carbon, but it also contained a little anisaldehyde and some material 
which decomposed on distillation. After tw’o distillations the 
methoxy- hydrocarbon was obtained as a colourless oil which 
boiled constantly at 227°/30 mm. (Found: C = 85-4; H — 7-3. 

requires G 8q-7; H -- 7-2 per cent.). The substance 
was characterised by mean.s of its dibromo- additive product. 
^y-Dibro7no - a -phenyl - y - p - yn ethoxy pke nylpropa n e , 
CH.Ph-CHBr-CHBr-CgH^-OMe. 

— Two grams of the methoxy-hydrocarbon, dissolved in 2 c.c. of 
chloroform and cooled to 0°, decolorised 5-8 c.c. of a solution of 
bromine in chloroform containing 0*253 gram per c.c. (theoretical 
for 2Br = 5*67 c.c.). No perceptible amount of hj^drogen bromide 
was evolved. The bromo- compound, which crystallised from the 
chloroform (a second crop was obtained after concentration), 
melted at 115°, and rccry.stallisation from light petroleum did not 
alter this melting point (Found : Br = 41-8. Ci^HjgOBrg requires 
Br = 41*6 per cent.). The compound forms stout prisms terminated 
by pyramid.? ; it is easily soluble in the usual organic solvents. 
p-M ethoxy- oL-benzylcinnamic Acid, 

0Mc*C6H4-ch:c(C02H)‘CH2*C6H5. 

— The alkaline solution from w'hich the methoxy-hydrocarbon was 
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extracted was heated to the boiling point, treated with excess of 
hydrochloric acid, and the precipitated acids collected while hot. 
Most of the P-phenylpropionie acid passed through the filter as an 
oil, and the remainder was removed after cooling by washing with 
a little cold alcohol. The residue, which consisted of a mixture 
of j)-methoxyoinnamic acid and p-methoxy-oi-benzyloinnamic acid, 
was heated on the steam-bath for ten minutes with 100 c.c. of 
iv-aqucous sodium carbonate. p-Methoxy-n-benzylcinnamic acid 
is only slowly soluble in dilute sodium carbonate, which, under 
the conditions described, dis.solved ail the p-methoxycinnamic 
acid but only part of the p-methoxy-i-benzylcinnamic acid; the 
undissolved portion was collected and recrystalliscd from ethyl 
alcohol (12 grams). The acids dissolved by the sodium carbonate 
were fractionally precipitated by the addition of sucees.sive portions 
of 10 c.c. of 2,V-hydrochlorio acid. The first two precipitations 
yielded p-meUioxy-a-benzylcinnamic acid sufficiently free from 
j,.tnethoxycinnamic acid to be capable of complete purification 
by crystallisation from alcohol (9-7 grams). Tlie third and fourth 
precipitations gave mixtures which, when combined and subjected 
to a second series of fractional precipitations, gave 2'0 grams of 
p-methoxy-a-benzylcinnamic acid. The residual alkaline solutions 
were treated with excess of hydrochloric acid, and the recovered 
p-methoxycinnamic acid wa.s crystallised from alcohol. In all 23-7 
grams of pure p-methoxy-a-benzyleiimamio acid were ohtli'ned 
along with 14-5 grams of pure p-mcthoxyciniiamic acid. 

p-Methoxy-a-henzylcinnamio acid crystallises from alcohol in 
colm,ries.s, flattened needles, m. p. 170“. It is readily soluble in 
aqueous sodium hydroxide, but dissolves only slowly in hot sodium 
carbonate solution and is evidently an unusually weak acid. It 
mstantly decolorises cold alkaline permanganate, giving anisic acid 
phcnylacetic acid, and benzoic acid (Found : C = 7j-9; H = 6-l' 
requires C = 76-1 ; H ^ 0-1 per cent.). 

The araUi was obtained by adding a small excess of aniline 
to the chloride of p-mcthoxy-a-bcnzylcinnamic acid, which was 
prepared by digesting the acid with thionyl chloride. It crystal- 
^edfroni alcohol in long, 'silky needles, m. p. 159“ (Found : C = 80-2 • 

H-e-4. requires C = 80-4; H = 6-1 per cent) 


V-^I':l^oxy.'^-phnyli,ropioMC Acid with Benz, 
mekyde: formation of ^-p-Methoxybenzyldnnamic Acid and 

Pi’C'pare.l by Perkin’s 

thodfrom anisaldchyde (T., 1877, 31, 408, 411). 

° ™ P’“®thoxy-p.phenylpropionate (UO grams), benzaldchydo 

4m*2 
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(70 grams), and acetic anhyiiridc (70 grams) were heated together 
for nine and a half hours at 150°, and then poured into an excess 
of aqueous sodium carbonate and distilled in a current of steam 
to remove the excess of benzaldehydc. 
y-rhenyl - a - ^-methoxyphenyl- e , 

CgH^-CHICH-CHa-CsH^’OMe. 

— This was insulated by extracting the alkaline liquid with ether 
and purified by fractional distillation. The more volatile fractions 
contained ben/.aldehyde, but after two distillations the methoxv- 
hydrocarbon w'as obtained as a colourless, and nearly odourless 
oil, b. p. 220° /25 mm. (Found : C = 84-7 ; H = 7-2. CjgHjj.0 
requires C ^ 85-7 ; H — 7*2 per cent.). It was characterised by 
means of its dibromo- additive product. 

^y-Dihromo-y-phcnyl-%-'P’metkoxyphcnylpropane, 

OMe-CeH^-CHg'CHaBr-CHBrPh. 

— This substance was prepared by the action of two atoms of 
bromine on the above methoxy-hydrocarbon in chlorofoim solution 
at 0'’, the experiment being conducted just as in the case of the 
isoiueri(; hromo-compound (p. 2386). The new compound separated 
from ligroin in colourless prisms, m. p. 76° (Found: Br — 4P8. 
CjgHigOBr.2 requires Br 41*6 per cent.), 
a-p - J / dhoxyhen -^ylciimamic A c id, 

— The alkaline liquid from which the above methoxy-hydrccarhon 
had been extracted was heated to boiling and acidified with hydro- 
chloric acid, wlticli precipitated an oil consisting of a mixture of 
cinnamic acid, p-met hoxy-f^-phenyl propionic acid, and a-p-methoxy- 
benzylcinnamic acid. The last is much less soluble in boiling water 
than either of the others. The oil was separated from the aqueous 
layer, boiled with two litres of xvater, and the undissolved portion, 
which had solidified, was collected and crystallised twice from 
alcohol, from Avhich 16 grams of pure K-p-iuelhoxybenzylcimiamic 
acid separated in colourle.ss, glistening needles, m. p. 165° ( bound : 
C ~ 76-3 ; H ~ 6*4. t InHjgOg requires C — 76*1 ; H = (5*1 per 
cent.). The aqueous liquids deposited a mixture of cimiaraic acid 
and 2J*mcthoxy-(?*phenylpropionic acid on cooling. 

oc-p-]\Iethoxybenzylcinnamic acid instantly decolorises cold alka- 
line permanganate, forming p-mcthoxyphenylacetic acid, anhic 
acid, and benzoic acid. Like its isoraeride (p. 2386), it is a very 
weak acid : it i.s insoluble in cold sodium carbonate solution, ; 
although it dissolves slowly on boiling ; it is easily soluble in sodium 
hydroxide. 

The anilide, obtained by adding a small excess of aniline to the 
acid chloride, which was prepared by digesting the acid with thionyl 
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hloride? crystallised from alcohol in short, thick prisms or, occa- 
ionally,’ in needles, m. p. 140—141" {Found ; C = 80*4 ; H = G-G. 
, requires C = 80-4; H = 6-1 per cent.). 

\Ye desire to thank tiie Koyal Society for defraying a large 
,art of the cost of this work. 

lypgpjAL COLLEQE OF SCIENCE AND TECHNOLOGY, 

South Kensington. [liec^ived, July JAth, 1922 .] 


CCLXX XVIII . — Dyes Derived from “ Saccharind^ 
The Sulphamph thaleins. 

By SlKHIBHUSHAN DUTT. 

\ Number of sulphonephthaleiiis have already been prepared by 
tlic aid of o-sulphobcnzoic acid (Remsen, J. Amer. Chan. Hoc., 
18S5, 7, 180; compare also ibid., 1887, 9, 372; Blackshear, ibid,, 
[89:! 14, 455; Remsen and MaoKee, ibid., ISOG, 18, 794; Lubs 
and Clark, J. Washington Aaid. Sci., 1915, 5, 609). 

Tk difficulty of getting pure o-sulphobenzoic acid in good yield 
led the author to investigate the action of “ saccharin ’’ on amine.s 
and phenols. In this way, condensation products have been ob- 
tained which are characterised by their colour and fiuorc.scence and 
flo.<ely resemble the corresponding phthaleins in con.stitution and 
behaviour. Tlicy differ froju the conespoiidiiig sulpbonephthaleins 
ill having the bivalent imido-group in place of the lactone ox 3 "gen 
itoin. Accordingly, they have been named sulphaviphthahins. 

The triincthyl derivative of phenolsiilphamphthalein is obtained 
by the action of Jiietliyl sulphate on the trisodiuni salt, but only the 
Jiueelyl and the dibenzoyl derivatives are obtained b\^ similar 
treatment with acetyl chloride and benzoyl chloride, }'espective]^^ 
The diacetyl derivative is more conveniently obtained by the action 
of acetic anhydride and pyridine on phenolsiilphamphthalein itself. 

The following amino- and hyalroxy-coinpounds have been con- 
densed with " saccharin " : i)lienol, resorcinol, orcinol, phloroglu- 
eiiioi, hydroxyquinol, catechol, 1 : 2 ; 4 : 5-tet raiiydroxybenzcrie, 
i»/-ph(>iivlcncdianiine, ?;i-aininophenol, ?N-(limetliylaininophcnol. and 
iI:C-cUaminorcsorcinol. The colour and dyeing properties of the 
products closely resemble those of the c‘orrc.sporuling phthaleins, 
kt the fluorescence is soineAvhat stronger. Tliey' all decompose 
on heating. 

The "saccharin'’ employed in the above-mentioned condens.a- 
kns was obtained by extracting the conimereial material with 
sodium hydrogen carbonate, treating the solution with hydro- 
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chloric acid, and fractionally crystallising the precipitate from ether, 
the portion melting at 218-220'^ being utilised. 

Experimental. 

Phenolstilpliamphlhaletn, ■■ Eight grams 

c,h/)nh 

SOj 

of “saccharin,” lo grams of phenol, and 5 c.c. of conccn* 
tratcd sulphuric acid \Yere heated together at 100 llO for tea 
hours, d iic excc.ss of phenol was distilled off in steam, and the 
browmish-red resiiiue purihed by dissolving it in ammonia and 
treating the filtered solution with dilute hydrochloric acid. The 
precipitate crystallised from hot water in yellow prisms, which 
became red on rubbing. The yield was 15 per cent, of the 
theoretical. With zinc chloride at 160° as the condensing agent, 
the yield is only 6 per cent. 

Like phenolphthalein, phenoisulphamphthalein di.ssolves in 
alkali with a pink colour. It dissolves in water, acetic acid, or 
alcohol with a yellow colour, but is insoluble in ether. It has been 
obtained in two cliromoisomeric forms, yellow and red, the former 
being the more unstable (Found : S — 9’1; N“41. 
requires S — 9T ; N — 3 9 per cent.). 

The trisodium salt, prepared by neutralising an aqueous solution 
of the sulphamphthalein with N;2-sodium hydroxide (3 equivalents 
were required) and evaporating the solution to dryness, is a dark 
red, crystalline substance, which dissolves in water with a brilliant 
pink colour and is extremely hygroscopic. 

The trimethyl derivative was prepared by the action of methyl 
sulphate on the trisodium salt. It crystallises from dilute acetic 
acid in colourless needles melting at 142° (Found : C = 67‘5; 
H - 5’6. O22H.1O1NS requires C - 67-8 ; H = 5-3 per cent.). 

A diben:oyl derivative was prepared by the action of bcnzojf 
chloride on the sodium salt. It crystallises from hot 
colourless, silky needles melting at 127° (Found : C = 

H = 4*2. C33H24O6NS requires C — 70*7 ; H = 4*3^ per cent). 

The diaMyi derivative, prepared by means of acetic anhydride 
and pyridine, crystallises from dilute alcohol in colourless nee es, 
m. p. 112° (Found: C - 62*8 ; H - 4*4. requires 

C = 63*15; H == 4*3 per cent.). tt C H 

Eesorcinolsulphimphihaleinf 

Eight grams of “ saccharin,” 11 grams of resorcinol, and 10 grama 
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fused zinc chloride were heated at 180—190° for two hours, when 
the melt became almost solid. The cooled product was’ finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, filtered, washed with water, and extracted with ether to 
remove unchanged “ saccharin.” The product was converted, by 
the action of lead acetate on the sodium salt, into the lead lake, 
which was dried, suspended in absolute alcohol, and decomposed 
by hydrogen sulphide. The alcoholic solution was filtered, Con- 
centrated to a small volume, and the dye precipitated with ether 
being obtained in microscopic, brownish-yellow needles. 

BmmnolsulpJuimiMhakin is very soluble in alcohol or acetic 
acid, moderately soluble in water, and insoluble in ether or light 
petroleum. It dissolves in alkali with an orange colour, and the 
solution on dilution shows a very intense yellowish-green fluores- 
cence. The sodium salt dyes light yellow shades on wool (Found ; 
S 8*4. CisH^gO^NS requires S 8-7 per cent.). 

Orcmohulphimphthahin, _ 

Eight grams of “ saccharin,” 13 grams of orcinol, and 11 grams of 
fused zinc chloride were heated at 180° for about three hours, and 
the product was isolated as described above. It crystallises from 
dilute alcohol in brownish-yellow needles and dissolves in alkali 
with a blood-red colour, the solution, on dilution, showing a brilliant 
green fluorescence. The sodium salt dyes pink shades on wool 
(Found . S = / 9. ^ 21 ^ 17 ^ 5 ^^ requires S — 8*1 per cent.). 

Prepared from 3-6 grams of 
"saccharin,” 5 grams of phloroglucinol, and 4 grams of fused zinc 
chloride at 180—190° in about tw'enty minutes, and isolated in the 
manner already described, this comy>oui\d crystallised from hot 
water in long, brownish -yellow needles. It dissolves in alkali with 
an orange-red colour, but the solution is not fluorescent. The 
sodium salt dyes fine orange shades on wool (Found : S = 8 - 3 . 
^13^13^7^^ requires S = 8'0 per cent.). 


^ydroxi/qiti noh u IpJia. mph lha Ic i n , 


OH 0 OH 



c,h,Qnh 

charm ’ (P 8 grams), hydroxyquinol (2-5 grams), and fused zinc 
Chloride (2 grams) were heated at 160-170" for two hours while 
h sow stream of dry hydrogen wms passed over the molten mass. 
- unhcation by means of sodium hydroxide solution having been 
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found ineffective, the product was acetylated. The acetyl derivative 
crystallised from dilute alcohol in colourless prisms nieltiag 
above 300®. The product of its hydrolysis by alkali crystallises 
from a mixture of alcohol and ether in light reddish-brown, silky 
needles. 

Hydroxyquinolsulpkamphthalein is very soluble in alcohol or 
acetic acid, moderately soluble in hot water, and sparingly soluble 
in ether or cold w'ater. It dissolves in alkali with a pink colour, the 
solution showing a feeble yellow fluorescence. The sodium salt 
dyes fine pink shades on avooI (Found : S = 7 8 . 
requires S ^ 8*0 per cent.). 

CatecholsulpJiamphtkalein. — Eight grams of “ saccharin,” n 
grams of catechol, and 10 grams of fused zinc chloride were heated 
at 180—190° for three hours. The cold product was powdered, 
washed with concentrated hydrochloric acid, and crystallised from 
ether, minute browm needles being obtained. 

Catecholsulphamphthalein is very soluble in water, alcohol, or 
acetic acid, and sparingly soluble in ether. It dissolves in alkalis 
with a green colour (Found : S — 8 * 6 . requires 

8 = 8*7 per cent.). 

1:2:4: 5-Tetrahydroxybe7izenesulphamphthalein, 



— “ Saccharin ” ( 0*8 gram) and 1:2:4: 5 -tetrahydroxy benzene 
(1*4 grams) were heated at 160® with 0*5 gram of fused zinc chloride 
for about two hours. The product was finely powdered, digested 
with concentrated hydrochloric acid for half an hour, filtered, dried, 
and acetylated by the usual method. The hexa-acdyl derivative 
crystallised from dilute acetic acid in white, silky needles uhieh 
did not melt at 290® (Found : (1 — i>4*l ; H — 3‘6. C 31 H 25 O 15 XS 
requires C ^ 54*5; H 3‘7 per cent.). On hydrolysis with alkali, 
the pure dyestuff was obtained, which crystallised from hot water 
in dark brown needles with a green, metallic lustre. It dissolves 
in alkali with a pink colour but without lluorc.sccnec (Found: 
S = 7‘0. CjgHjjOgNS I'cquircs S = 7'4 per cent.). 

4 : •Diamino-2 : 2'-iminophenylsulph<imphfhalein, 


NH 



— “ Saccharin ” (1'8 grams) an4 m-phenylenediamine hydrochloride 



the sulphamphthaleins. 
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(3-6 grams) were heated at 230" for about fifteen minutes. 
Yhe was extracted with ether to remove unchanged 
“saccharin and dissolved in hot alcohol. The alcoholic solution, 
on cooling, deposited a quantity of brown needles, which were 
removed. The mother-liquor wa.s concentrated to small hulk 
and cautiously diluted with water, when the sulphamphthalein was 
deposited in bright yellow, prismatic needles (Found : S — 8*7 ; 
Af = lo 1. ^19^16^2^4^ requires b = 8'7 ; N = 15*4 per cent,). 

The substance is very soluble in alcohol or acetic acid, sparingly 
soluble in water, and insoluble in ether. Its solution shows an 
intense yellow-green fluorescence, which is very similar to that of 
fluorescein. 

The above-mentioned browTi substance was found to have the 
NH 

constitution 

80, 



b'lnce on 



lOhf 


1 

boiling with alkali it decomposed yielding saccharin and the 
diaioinoiminophenylsulphamphthalcin. It was also formed when 
tliese two substances were lieated with zinc chloride at 160*'. 

It is slightly soluble in alcohol or acetic acid, and insoluble in 
water or ether. The solution shows a l)rilliant green fluorescence- 
(Found: S 13’4; N — 12*3. (-yiooOgNgS^ requires 8 — llkS; 
N - 12'1 per cent.). 

NH 

oiir"' 

CgH40NH 

haccharin (3-6 grama), m-amiiioplionol (4-.j grams), and fused 
zinc chloride (4 grams) were heated at ISO— 1!)0' for two hours. The 
melt was dissolved in dilute caustic soda and the liltcred solution 
piwipitated with hydrochloric acid. The compound, whicli could 
not be crystallised, was purified by means of the lead lake, as 
escri e in the case of the ro.sorcinol coiiipound. It is a dark 
hron-n substance which ilissolves in alkali with a brown colour, 
ac I h ° fl“otesceiice. Its solutions in alcoliol and acetic 
r H nwss-green fluorescence (Found: N - 7-2 

hs'iit'IjNsS requires N = 7-0 per cent.). 
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4 ; 4'-TetrameihyldiaminO‘2 : ^'-oxidophenylsulphamphiJiakin, 

0 , * 

x/yv 

cA\)nh 

SOj 

— “Saccharin” (1'8 grams), m-dimethylaminophenol {2*8 grams), 
and fused zinc chloride (1*5 grams) "were heated at 180—190° for 
about one hour, when the melt assumed a deep pink colour and 
solidified completely. The product was powdered and boiled with 
alcohol and a little bone black ; the filtered solution slowly deposited 
the condensation product in small, pink needles with a golden lustre, 
The substance is very soluble in alcohol, acetic acid, or ether, 
slightly in water, and dissolves in dilute mineral acids with a pink 
colour and a strong yellow fluorescence. It dyes fine pink shades 
on wool (Found : S ^ 7-5. C23H23O3N3S requires S = 7*6 per 
cent,). 


The subsimee 

c^Onh 

S02 

prepared by heating I’S grams of “ saccharin,” 4*5 grams of 

4 : 6-diaminoresorcinol hydrochloride, and 3 grams of fused zinc 
chloride at IfiO"" for three hours while a .slow stream of dry hydrogen 
was passed over the molten mass. The cold product was finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, and purified by means of the lead lake. It could not be 
crystallised. It is a dark browm substance which dissolves in 
alkali with a splendid blue colour, but without fluorescence (Found : 

5 = 12‘8. C33H23O9N7S3 requires S — 12‘7 per cent.). 

Further work in this direction is in progress. 

Chemical Labor.\tory, 

The University of Dacca, 

Pe^’cal, India. 
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CCLX5^XIX.“7^^e Viscosity of Cellulose. Part 11. The 
Towering of the Viscosity of Cellulose hj Various 
Eeagents. 

By Recinald Arthur Joyner, 

It was during the war that the importance begame recognised 
of having cellulose of a definite viscosity, the value of which 
depended on the use to which the nitrated or acetylatcd cellulose 
Wcis to be put. In this vol., p, 1511, was described a modification 
of the method adopted by Gibson, >Spencer, and McCall for the 
determination of the viscosity in cuprannnonium hydroxide, arid 
the effect on the viscosity of varying the concentration of the 
copper, ammonia, and collulo.se was given. The present paper 
deals with the lowering of the viscosity of cellulose itself by various 
reagents. 

The first definite \vork published on 'the effect of solutioas of 
sodium hydi’oxidc on cellulose i.s given by Gibson (T., 1920, 117, 
479). It was shown that the effect of sodium hydroxide depended 
on the eonccntratioii and the temperature at which the experiment 
was carried out. 

One of the chief difficulties in work on viscosity lies in the 
interpretation of the results, for example, on p. 2407 is given the 
effect of increasing amounts of air on the viscosity of cellulose 
when dissolved in cuprammonium hydroxide. In the second series 
of experiments, with 2 per cent, solutions of cellulose, it is seen 
that 2'7, 13‘C, and 30 c.c. of air lowvred the viscosity by 530, 1300, 
and 1800 seconds, respectively. Although the lowering of viscosity 
is relatively great for the first additions of air, it is not correct 
to assume that the chemical effect is relativel}" great for the first 
additions. It was shown in Part I of this paper that the log. 
viscosity is almost directly proportional to the concentration ex- 
pressed in grams per 100 e.c. of soK ent, and therefore it is clear 
that if the agent referred to abo\’e ultimately reduces the viscosity 
of the cellulose to a very low figure, then the amount of cellulose 
transformed will be approximately given by tlic drop in the log. 
viscosity. It was showm that celluloses had constants given by 
a modified Arrhenius formula wdiich were independent of the con- 
centration. Now, the highest viscosity possible for a 2 per cent, 
solution of cellulose appears to be about 57,000 seconds, or 28,000 
absolute units (p. 2399), whilst by repeatedly kiering a cellulose 
with sodium hydroxide a viscosity of 1 second for a 5 per cent, 
solution was obtained, These two figures give constants of 2*78 
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and 0-15, respectively, which denote the limits for the viscosity of 
cellulose for a 2 per cent, solution. The hj^pothesis is ij^ow made 
that there are two kinds of cellulose, high -viscosity cellulose or 
cellulose “A,” which has the higlier of the above constants, and 
low- viscosity cellulose or cellulose “ B,’’ which has the lower of 
the above constants. A cotton which has an intermediate viscosity 
is a mixture of these two kinds, and the high -viscosity cellulose 
content will bo given by the et[uation .r ~ {0 — 0*lo)/2'63, where, 

by the Arrhenius formula, « = '“g ..{.eosity of 

tration. In this formula, instead of the log. viscosity of solvent, 

a number, — O'SO, is used, so that 

log viscosity of solution H^0'80 

~ concentration (gram per 100 c.c of solvent)’ 


Experimental. 

In order to have a standard substance to work with, a large 
batch of sliver cot ton w'as obtained w hich gave the following results 
when te.sted by routine methods : moisture, 4‘G2 ; oily matter, 0'24; 
mineral matter, 0’71 ; solubility in 3 per cent. NaOH at 100 , 5*66: 
copper reduction number,* OTi per cent ; dyeing test, nil. 

Raw sliver i.s only partly soluble in cuprammonium hydi’oxide, 
hut beconu^s quite soluble after being acted upon by dilute sodium 
hydroxide, which destroys the protein matter present. 

In carrying out the e.xpei’Imcnts on tlio action of sodium hydroxide 
on ceiIulo.se, the following procedure was adopted. The cotton 
was placed in test-tubes, a quantity f)f tlie solution of .sodium 
hydroxide or of other substances arlded, and the cotton worked in 
the liquid or evacuated to expel the occluded air ; the tubes were 
then filled to a conveui(Mit lieight and scaled. If this procedure 
be not adopted, the oxygen in the presence of caustic soda will 
oxidise the cellulo,sc and lower its viscosity. The tubes were thoii 
heated in an autoclave at a definite temperature for a definite 
time. It was found that the temperature of the autoclave could 
be kept constant to within R or 2^ for long periods. The auto- 
clave was then opened, the liquor in the tubes titrated, and tlie 
cotton washed with dilute acetic acid and thorouglily wdth water, 
and finally dried at about 70". The ratio of liquor to cellulose in 
th(‘. tubes was varied from 15 to 10. The lower ratio could be 

♦ The copper reduction number is the weight in grams of cuprous oxide 
reduced by 100 grams of cotton from a solution of the following composition 
in gram-s per litre : hydrated eo]Jper sulphate 17-3, anliydrous sodium cat- 
bonate 100, anhydrous sodium citrate 130. This and the soda-soluble figure 
give the amount of degraded celluloso present. 
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decreased considerably witliout making any difference in the results. 
Duplicate experiments were often carried out. All the determin- 
ations of the viscosity were made at 20^ d: I'* for a 2 per cent, 
golution of cellulose, unless otherwise stated. 

Table 1 gives the results obtained "when the time of heating 
was nine hours. 

Table I. 


Showing the effect of varying concentration of sodium hydroxide 
on sli\cr cotton when heated for nine hours at the temperatures 
stated. 


lOO'’. 


XoriTiality 

Viscosity 

Cellulose 

of XaOH. 

(sec.). 

“ A.” 

10 

0760 

SI 

4’5 

1720 

71 

ti-7 

420 

09 

6-7 

394 

09 


12.0° 


0-te 

900 

06 

0-53 

930 

66 

OOG 

740 

64 

ODG 

780 

64 

‘2-m 

06 

43 

2-93 

53 

43 

o’52 

38 

23 


i4r 


0-0 

300 

OS 

00 

332 

08 

017 

205 

00 

0-17 

369 

08 

044 

96 

47 

043 

90 

47 

0-90 

28 

37 

0-8G 

29 

37 


110 ° 


Normality 

Viscosity 

Cellulose 

of NaOH. 

(see.). 

“A.” 

U-91 

2090 

73 

1-8.0 

1161 

68 

1-84 

1203 

68 

2-81 

423 

60 

3-20 

126 

49 

3-28 

133 

49 

0-49 

56 

43 

0-43 

03 

43 

6-94 

1 0-6 

32 

6-92 

10-4 

32 


134° 


0-20 

670 

62 

0-0 

304 

08 

1-0 

170 

02 

2-U 

09 

43 

3-0 

9 

28 

4-0 

1-4 

12 


The results sliown in Talile I liave bera plotted iji Fii. 1. and 
a .scries of nearly straight lines i.s the rr.siilt. The higher' ho tem- 
perature the more these .slope to the left, showing an increasing 
rate of reaction. These lines, on cxtrnpolation for a zero com 
centration of sodium hydro.xide, cut tlie abscissa at inereasin" 
^stances to the left. Ti.i.s denotes that water alone must have 
some eftect on the cotton and that this effect increases rapidly 
^utli the temperature. 

Ill order to study the ellects of the lower concentrations of 

was l,*Vf .“"f “■ '’‘"'‘"S 'I'-I seconds 

«egiv^lnmfe results 
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Table II. 

Showing the effect of low concentrations of caustic soda on sliver 
when heated at 130'^ for six and a half hours > and on a kiered 
sliver, viscosity 314 seconds at 130"^, when heated for five hoars 
. Sliver. Kiered sliver. 


Normality 

Viscosity 

Cellulose “ A ” 

Normality Viscosity Cellulose “ A 

of NaOH. 

(sec.). 

per cent. 

of NaOIl, 

(sec.). 

per cent. 

217 

67, 55 

44, 43 

2-0 

29, 27 

37, 37 

OUG 

105, 126 

48, 49 

10 

52, 48 

41, 41 

049 

155 

51 

0-50 

57, 50 

41, 41 

0-24 

255 

55 

0-25 

93, 92 

42, 42 

’ 0-091 
0-044 

35G, 358 
410 

58, 58 

59 

0-10 

116, 118 

42, 42 

Water 

415, 476 

59, 60 

Water 

170, 161 

43. 43 


Fig 1. 

Showing the, €§ec.t of heating filiver with various solutions of sodium 
hydroxide for nine hours at the temperatures elated. 



Cellulose “ .1 ” content. 


The results in Table II are shown graphically in Fig. 2, and it 
is evident the more dilute concentrations of caustic soda have a 
relatively greater effect than the more concentrated ones. This 
makes it seem probable that the effect is due to the hydroxyl 
ions. 

The result.s which have been obtained on the action of sodium 
hydroxide on cellulose are important from the practical point of 
view in the kiering of cotton. The concentrations of sodium 
hydroxide used are generally not more than 4 per cent., and there- 
fore the drop in viscosity can ])c found for any temperature betwem 
100® and 140® for a kiering pejiiod of nine hours. The results for 
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the various concentrations of sodium hydroxide have been plotted 
against the temperature in Fig. 3, and it will be seen that when 
the temperature is lowered the curves become more vertical and 
approach each other. The extrapolated value of the log. viscosity 
for the point where they become ^ 

vertical and touch each other is Fig. 2. 

about 4'75. This means that Showing effect of heating (1) mw diver 
value for the ‘fftf hours at 130% 


hours at 

, With different concentration 
oj sodiU7n hydroxide. 


the maximum 

viscosity of cellulose is about 
57,000 seconds, or 28,000 C.G.S. 
units at 20° for a 2 per cent, 
solution in cuprammonium hydr- 
oxide containing 13 grams of 
copper and 200 grams of am- 
monia per litre. 

Kinetic Measurements in Presence 
of Sodium Hydroxide. 

Kinetic measurements were 
carried out, using lY-sodium 
hydroxide at various tempera- 
tures. In order to plirninate 
en'ora due to fluctuating tein- 
peratiire, which would be very 
difficult to prevent when using 
an autoclave which could only 
k heated and cooled slowly, 
three samples of cellulose liaving 
different viscosities were heated 
for seven hours, simultaneously, 
at various temperatures. After 
cooling and washing, the vis- 
cosities of the samples were re- 
determined, and the amount of 
change, as denoted by the 
amount of cellulose “A” trans- 
formed, was calculated. It is 
“an that the amount of change 
“ each ca.se is proportional to 

there'SnprocMds°*%'i"^”i”"®^^^ present; in other words, 
are given in Table TTT^l it "'ere uniniolecular. The results 

^^tetion h— \!t i ’/* being calculated for a uniniolecular 
> ^ III. log aja — a:. 
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Table III. 


Showing the calculation of the unimolecular constant, k, for the 
action of iV-NaOH on cellulose at various temperatures. Time 
of heating, seven hours. 


Initial 

Initial 

cellulose “ A 

' Final 

Final 

cellulose “ A ” 

Ic 


visnosity. 

per cent. 

viscosity. 

per cent. 

(hours). 

Temp. 

1440 

69‘5 

342 

67*5 

0*0270 ] 


240 

54-8 

84-5 

46' 1 

0-0247 

' 116“ 

09 

44-5 

28*3 

37*0 

0 0264 j 


1440 

69*5 

248 

54*8 

0-0339 ] 

1 

240 

54-8 

58*2 

42*9 

0*0349 

125“ 

69 

44-5 

23*9 

35*6 

0*0319 J 

1 

1440 

69-5 

67*8 

44-2 

0-0647 1 

1 

240 

54-8 

26*2 

36* .3 

0-0589 

137“ 

69 

44-5 

10-1 

28*5 

0-0603 J 

1 

1440 

G9‘0 

10«2 

28*6 

0*127 : 

1 

240 

54*8 

G*5 

24*8 

0-113 

[ 146“ 

G9 

44*5 

4*0 

22*1 

0-100 



Fig. 3. 
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With the exception of the result at the higher temperatures, t s 
constant obtained is fairly satisfactory. 

The result found here agrees with many heterogeneous reaetjo^ 
in giving a unimolecular constant, a list of which is given m 
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S_vst«m of Physical Chemistry,” Part I, p. 450, William C. McC. 
Lewis. As regards the nature of the reaction, the results obtained 
by Armstrong {Proc. Roy. Soc., 1904, 73, 508) on the action of 
enzymes on sugar are of interest. The temperature coefficient for 
the results with ceUulose is low. a rise of 10“ increasing the rate 
(bout 1-6 times, which is in accordance with many results obtained 
for heterogeneous reactions. This reaction i.s, however, different 
from other heterogeneous reactions in that the substance under- 
going change is solid, whilst the catalyst is a liquid. From these 
results it is now po.ssible to state the conditions necessary in order 
to lower the viscosity of ct'llulose of any viscosity by a required . 

aiDOunt. 

In the last experiment, along with the three samplc.s of cleaned 
sliver a sample of raw sliver was also subjected to the action of 
A-sodium hydroxide, and thereafter the viscosity wa.s determined 
Knowing, therefore, the final amount of cellulose ” A,” and using 
the constants obtained, it wa.s possible to calculate ’the amount 
of cellulose “A” in the pure unattacked .sliver. The. average 
ralue.s for the constant being employed in each case, except in the 
last, where the highest one was used, the values found were 86 
SC, 82, and 83 per cent. The actual values .should have been 
100 per cent, in each case. 


Tk Selective Sorption of Sodium Hydroxide by Cellulose and Us 
.Aciion in the \ 'iscositii. 

With solutions stronger than normal, the action of sodium 
hydroxide m lowering the viscosity has been shown to be ncarlv 
proportional to the gross concentration of the sodium hydroxide 
Although this was probably accidental, depending on various 
factors, for e.xamplc, degree of ioni.sation, hydration, etc. it was 
thought interesting to study the action from the sorptio’n point 
0 view, as it was known that the sorption of sodium hydroxide 

from aqueous solution by cellulo.se also increases with the con- 
centration. 

The question of the sorption of sodium hydroxide by cotton has 
een revised by Leighton [J . Physical Che.m., 1916, 20, 32) especially 
the point of view of the phase rule, and it was shown 
the occurrence of definite combination between cellulose and 
^lum hydroxide has by no means been proved. Leighton showed 
hvdr involving doorcase in concentration of a sodium 

tiorofsol- n n® tho -tteorp- 

‘he t to nieasuL 

sorption by centrifuging cotton which had been placed in 
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sodium hydroxide solution; on the assumption that the cotton 
had then no solution clinging to it, the increase in weight of the 
cotton and the amount of sodium hydroxide therein gave the 
quantity of water and of sodium hydroxide sorbed. This method 
obviously furnished too high results, because from his experiments 
he deduced that I gram of cotton can sorb 4 grams of water, whiht 
in reality wet cotton can be squeezed so that the water content 
falls as low as 0-8 gram per gram of cotton. 


Fia. 4. 

Showing the sorption of sodium hydroxide hy cellulose. 



0 10 20 30 

Grams of NaOH per 100 grams of water. 


Vieweg {Ber., 1907, 40, 387G) determined the selective sorption 
of sodium h 3 niroxide from an aqueous solutioji by titrating a definite 
volume of solution before and after the addition of cotton. In 
the present work, in order to obtain more accurate results the 
analyses were done on definite weights of the solutions. Known 
weights of sodium hydroxide (volume 10 c.c.) and cellulose (about 
1 gram) were well mixed together at room temperature and a 
definite weight of the solution was titrated. Preliminary exprn 
ments showed that after one and a half hours the selective sorption 
of the sodium hydroxide did not increase in six days. The fesii 
obtained are shown in Table ly and graphically in Fig. 4. 
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Table IV. 

Giving results obtained for the selective sorption of sodium 
hydroxide by cotton. 


Composition of aqueous phase. Composition of cellulose phase. 


Grama of XaOH per 100 grams of 

Grams of NaOH per 100 grams 

water. 

cellulose. 

29-6 

16-G, 17-8 

28-6 

14-1, 16-5 

24-3 

15-7 

20-5 

13-9 

19-1 

12-8 

18-8 

12-6, 12-8 

13-3 

9-0 

12-8 

8-0 


3-41 

6-95 

3-23 

4-02 

1-72 

3-79 

2-20, 2-27, 2-15, 2-12, 2-01 


These results show that sorption of sodium hydroxide hy tlie 
cellulose takes place, Tliis sorption, as will he seen, is increased 
by the addition of neutral salt.s. 

Preliminary experiments on tlm elTect of the addition of sodium 
chloi’idc to tlie sodium liydroxide solution showed tliat the con- 
centration ill the cellulose phase increased, and accordingly solutions 
were made by adding inercasing amounts of sodium chloride to 
podium liydroxide. In these solutions the ratio of water to sodium 
hydroxide was therefore constant. The solution from these solu- 
tions was determined and also the ehect on sli\er after heatin" for 
six and a half hours at 122". 


Table V, 

Showing the effect of adding increasing amounts of salt on the 
sorption of sodium hydroxide by celiulo.se, and the relative 
effects of such solutions on cellulose. 


Composition of solution. 


XaOn. 

71 

fvr, 

C'O 

5-3 


reroentagu of 
NaCL XaNOj. water. 


(5-8 — Mi-7 

13-ti — yo-4 

- 72- ;l 

13-7 2 ;m r.oo 


C ranis of 
XuOH 


Crams of 

IXW 100 



NiiOH 

grams of 

Viscosity 

Cellu 

per litre. 

eellulose. 

(see.).* 

lose “.-V 

70-0 

:)-41 

433, 414 

59 

73-0 

ly 1 1 

482 

tiO 

7n-2 

5- 40 

417 

59 

(i.VU 

o-OA 

3S8 

59 

ru)-o 

ti-4U 

111. 108 

48 


he effect of other neutral salts was studied and it was found 
hciitial salts alone liatl little elTeet on raw sIimt at 120^, hut 
ih conjunction witli sodium hydroxide potassium chloride had a 
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specially strong effect. When, however, a sliver which had 
already l>een acted upon by sodium hydroxide was so treated 
potassium chloride had an effect almost equal to that of an equi^’ 
alent concentration of sodium or potassium hydroxide, whilst the 
effect of sodium chloride, sodium nitrate, barium chloride or 
potassium nitrate was almost negligible at 120^ As was stated or 
j). 2398, raw sliver is not very soluble in cupraminoiiinm hytlroxide 
and it would seem that in its natural state it contains very little 
free cellulose and that the protein matter must first of all be 
destroyed before the cellulose can be attacked. 

Further results on the effects of sodium and potassium chlorides 
are given in Table VL 

Table VI. 


Showing the effect of equivalent concentrations of potassium 
chloride and sodium chloride on sluxu* in seven and a half 
hours at 120“^. 


Composition of solution. 

Viscosity. 

Cehulo:TO A ’’ 
per cent. 

ia) 2V-NaOH 

340, 320 

57 

(6) 2V-KOH 

510, 491 

61 

100 c c. of (n) with 20 grams of KCl 

72, 71 

45 

„ „ „ IJ-y „ XaCL 

445, 431 

59 

„ {b) „ 20 „ KCl 

82, 82 

4(; 

„ „ „ 150 „ KaOl 

052 

03 

These resuiis confirm the others 

a.s reganis the 

relative effect!! 

sodium chloride and pota.ssium 

chloride. The 

‘ effect of the 


potassium chloride may be due to its slightly increasing the Jiydroxyl- 
ion concentration, also to its raising the potential of the hydroxyl 
ions; it may also have a specific action o:i the cellulose. 

It was found that the sorption of sodium chloride or potassium 
chloride by cellulose from 22 ])er cent. soIuti(ms was small, being 
only about 1 gram per 100 grams of cellulose. 

When yliver was heated with a solution of amraoniinii chloride 
or calcium chloride, a degraded product of very low xuscosity 
resulted, but xvhen a mixture of ammonium chloride and ammonk 
xvas used, there was scarcely any effect. Evidently the action of 
the ammonium chloride or calcium chloride xvas due to the acid 
set free by hydrolysis. Ammonia solution alone also had little 
action. 

The. Adion of Dilute Adds on (JeUulose, 

It was recognised tliat the action of dilute acids on cellulose 
was much more rapid than that of alkalis, but on account of their 
degrading action it was necessary to use such a strength that littk 
or no hydrocelliilosc could be formed. 
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The following tables show the action of various strengths of 
hydrochloric acid in degrading cellulose at 100°. 


Table VII. 


Showing the action of various strengths of hydrochloric acid on 
cellulose at 100®. 


Strength of acid. Time of action, 


YflHCl 

5 minutes 


.55 

.V;10HC1 

10 



A/30HCI 

30 


3 hours 

X/lOOHCl 

O „ 


Itemarks. 

Converted to ponder. 

50% oi the product soluble in XaOH ♦ 
viscosity of 0% sol. = 1 see. ' 
oolublo in jSaOl.f, 4 per rent 
” „ 12 „ ’ 

” „ 4 

- M 12 

^ 


The experiments vitli acids were therefore limited to conc-n- 
trations of N jdO and .\^/l00. 

In determining the rate of rcaerion. cellulose was boiled under 
nih'.x, at a definite time eold ivater nas poured down the con 
, leaser to stop the reaction, and tlie product was well washed and 
dried at 70°. Ihe viseo.sity, usually for a 2 per cent, solution wa- 
determined ; the percentage of cellulose A ” and (he constants k 

for the various order.3 of reaction were calculate d : -= ^ Iqo 


fraction of (‘e!lulo.se “ A ' at time 0 and n .c 

minutes. 


1\ h 

^2 )> cre a ~ 
ractioii at time t 


TABLi: VJII. 


Showing the effect of dilute hydrochloric acid on cleaned 


Tune 
in min. 


10 

20 

30 

5i) 

17.5 


10 

20 

SO 

4.5 




cclluloso. 



Fraction 




Viscosity 

of et’Ilu- 




in see. 

io.se “A.'’ 

/-uni. 

hi. 


1480 

0<G97 

■ 



115 

59 

0-481 

0-431 

0-054 

0-048 

0-13 

0-089 

0-22 

0-10 

18-0 

0-333 

0-038 

0-07S 

0-18 

11-a 

0-208 

0-028 

0-064 

O-lo 

3o 

0-198 

0-023 

0-005 

0-22 

1-2 

0-110 

0-011 

0-044 

023 

1480 

0-607 




132 

0-408 

0-065 

0-11 

0-20 

57 

0-427 

0048 

0-060 

0-17 

IT’T 

0-332 

0-036 

0-0V9 

0-18 

8-9 

o-2;(> 

0-030 

0-071 

0-18 

50 

0-228 

0-024 

0-006 

0-18 

3-7 

0-204 

0-020 

0-057 

0-18 


Rcmark<?. 

Acid .V/IOOHCl. 

T = 100’. 

(Vlluloso sliver. 

Solubility in XaOH at 
end, 3%, 

Acid 0-0I13.Y-HC1. 

T 100’. 

Cellulose .sliver. 


Solubility in NaOH 
end, 1%. 


at 
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Table VIII (coniiiiued). 



Frac- 




Frac- 




tion of 



tion of 



Time Viscos- cellu. 


Time ViacoS' 

ecllu- 



in 

ity in loso 


in 

ity in 

lo.se 



min. 

S60. “ A.” 


Remarks, min. 

sec. 

“ A,” 

/jtcr* 

Remarks. 

0 

1480 0-607 



Acid0-28GA- 0 

1480 

0-697 

— 

.Ac-kl 

5 

83-5 0-358 

0-56 

HCl. 15 

727 

0-638 

0-0130 

o-oioov. 

10 

22-0 0-209 

0-58 

100”. 2-5% 45 

395 

0-589 

0-0092 HCL T- 

20 

12-5 0-232 

0-41 

for viscosity 105 

198 

0-531 

0-0070 

80”. 

30 

0-6 0-190 

0-43 

except at 165 

103 

0-478 

0-0070 


60 

21 0-117 

0-59 

zero time. 285 

47 

0-411 

0-0067 

Sliver. 

120 

0-9 0-058 

1-20 

Sliver. 405 

32- 0 

0382 

00059 





405 

29-3 

0-374 

0-0054 


0 

224 0-491 



Acid 0 

840 

0-650 


Acid 

5 

72 0-405 

019 

0-01()OA"-HCI. 1 

485 

0-606 

0-18 

o-oioo.v. 

10 

45 0-308 

0-16 

T = 100“. 4 

197 

0-530 

0-15 

H(3. 

20 

18-2 0-300 

0-17 

Linters 19 

360 

0-391 

O-ll 

T-lOO’. 

30 

12-5 0-270 

O' 16 

2-5% for vis- 





60 

5-1 0-196 

0-18 

cosity. 59 

5-4 

0-232 

0-14 

Cops, 

150 

2-7 0-152 

0-13 






It 

is seen that 

is fairly constant. As the concentration of 


the acid remains constant throiigliout the reaction, the number 
denoting the order should be increased by one, and if the reaction 
took place in a homogeneous phase giving a tcrmolecular constant, 
the reaction would be strictly quadrimolecular. However, in view 
of the fact that the reaction is apparently heterogeneous it is 
ditlicult to imagine that the obtaining of the constant has the 
same significance as it would have if the reaction took place in a 
homogeneous liquid phase. The temperature effect is large and 
it appears that the constant is probably proportional to the acid 
concentration. One experiment u as made with acetic acid, when 
an V/ 10-solution in fifty minutes reduced the viscosity of a cellulose 
from 1480 seconds to 68 seconds. AVlOO-Hydrochloric acid would 
take about ten minutes to produce the same lowering. An 
iV/lO-solution of acetic acid has about twice the effect expected 
from a . comparison of the concentration of the hydrogen ions in 
V/lOO-hydrochloric acid. 

Reduction of the Visco.'iitij of Cellulose by Ondising Agenls. 

The first experiments under this heading were made with cellu- 
lose in cupramraonium solution. The viscosity w'as fii'st deter- 
mined in an atmosphere of hydrogen. After one-quarter of the 
cellulose solution had run out, to the remainder a measured volume 
of air was added and the mixture well shaken for an hour, le 
reaction being half complete in five minutes. Blank expenraen s 
were carried out on the hydrogen from time to time. The resu 
obtained are shown in Table IX. 
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Table IX. 

^be quantitative effect of air on the lowering of the viscosity of 
cellulose cuprammonium solutions. 

Seventy’ five c.c. of solution were used in each experiment, 

2 Per cent, solution of cellulose. 


1 

2 

3 

4 

0 

6 

Diff. in 






cellu- 


CelUi* 


Cellu. 

lose “ A 

Viscosity 

lose “A ” 

Viscosity 

lose “ A ” 

C.c. air 

per c.c. Column G. 

before. 

before. 

after. 

after. 

added. 

of air. Column 2. 

242 

0-547 

17-1 

0*329 

20-7 

0-0105 

240 

0-548 

7-2 

0-258 

25-1 

0-0114 

245 

4-8 

0-220 

30-7 

0-0 1 0.5 





Mean 0-0108 0020 

1420 

0-694 

890 

0-G56 

2-7 

00140 

1400 


73 

0-449 

13-0 

00180 

1790 

0-7J3 

27 

0-367 

2t-2 

0-0164 

1840 

0-715 

5-0 

0-238 

30-2 

0-0158 





Moan 0 0161 0-023 

674 

0-443 

43-0 

0-405 

3-9 

0-0097 

664 


27-0 

0-308 

8-5 

0-0087 

70'0 

0447 

10-1 

0-280 

16-4 

0-0098 

72-8 

0-450 

4-7 

0-223 

25-6 

OOJUl 





Mean 0-0096 0-021 



4 Per cent, solution of cellulose. 


2950 

0-375 

1850 

0-348 

G-3 

00043 

1680 

0-.333 

512 

0-283 

15-9 

0-0030 

2730 

0-354 

220 

0-249 

32-5 

0-0032 





Mean 0-0035 O-OIO 



1 Per cent, solution of eclluloso. 


344 

0-841 

21-4 

0-701 

3-4 

0-0225 

344 

0-836 

9-6 

0-627 

9-9 

00217 

330 

3-7 

0-472 

16-6 

0-0219 

34‘2 

0-837 

1-5 

0-319 

27-7 

0-0186 





Mean 0-0212 0-025 

The viscosity values show that the 

addition of a small amount 

i air brings about 

a great change, whilst further additions produce 


ttle effect. When, however, the content of the hypothetical 
?llulose “ A is considered, the effect of the air is, for cellulose 


(the same viscosity, roughly proportional to the amount added. 

As was mentioned in Part I of this paper, oxygen reacts some- 
'hat sloM'iy with cuprammonium solution and produces nitrite, 
'ut it was proved during the present work that it is not the oxygen 
'hich so reacts which reduces the viscosity of cellulose, but that 
lie reaction is direct. From the relative speeds of the two reac- 
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tions it would seem that most of the oxygen, when introduced into 
a cuprammonium solution, reacts with the cellulose. 

From the above figures it is possible to calculate roughly the 
amount of oxygen necessary to reduce the viscosity of cellifiose to 
its lowest limit, in other \vords, to convert all the cellulose “A*’ 
to cellulose “ B.” This amounts to about 5-3 c.c. per gram at 
N.T.P., which means that 16 grama of oxygen react with about 
2100 grams of cellulose. It will be seen that a similar figure is 
obtained in the experiments with sodium hyT;)ochiorite. 


Experlinent.^ on Undissolved Celhlose. 


It w'as noticed that the lowering of the viscosity of cellulose 
during the kiering operation w'as in general considerably greater 
than^would have been expected from the results of autoclave 
experiments carried out under the same conditions of temperature 
and concentration of sodium hydroxide. The cause of this 'nas 
found to be the air in the cotton, for Avhen the cotton was thoronghlv 
wetted and steamed before the caustic soda w^as added the cleanwl 
cellulose had a much higher viscosity than that measured when 
no such precautions had been taken. 

It was found that by simply boiling cellulose with 4 per cent, 
caustic soda for threc-cjuartcrs of an hour at atmospheric pressiire, 
during which time hydrogen peroxide was added, the viscosity 
was reduced from 2100 to hi seconds. The cellulose had no 
copper reduction number and therefore it was evident that by 
this means the viscosity of cellulose could bo lowered without 


the cellulose being appreciably degraded. 

Experiments were thou made using sodium hypochlorite mstedd 
of hydrogen peroxide. It is known that in acid solution ccliu- 
lose is quickly attacked by chlorine (“ Cellulose/’ 1918 edition, 
Cross and Bevan, p. d9). It was found that, when boiled with 
4 per cent, sodium hydroxide and much hyiiochlonte, cellulose 
was rapidly disintegrated to a powder of very low visco.sity. On 
further boiling, the powder became finer, and on being washed 
with water, swelled up. The powder was partly soluble m watet 
but was reprecipitated by sodium sulphate solution. It was noticed 
that during this boiling a yellow colour would suddenly appear, 
this indicated that all the hypochlorite had been used up, 
the colour vanished on the addition of more of the reagent, 
this means it was possible to oxidise cellulose almost eito) 
carbon dioxide. When sugar was employed instead of ce - 
the same phenomenon was observed, and when the ye ow 
appeared formaldehyde rvas detected by its odour. 

It was found that by the addition of about l-o c.c. of . 
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hvtwchlorite per gram of cellulose the viscosity could be so reduced 
that a 4 solution had a viscosity of four seconds. When 

godium carbonate solution was employed instead of sodium hydr- 
oxide, 0-8 c.c. of W- solution reduced the viscosity of a 4 per cent, 
solution to two and a half seconds. In the first instance sub- 
stances soluble in sodium hydroxide would be formed which would 
react quickly with the hypochlorite, whilst with sodium carbonate 
solution all the oxygen of the hypochlorite would be used in lower- 
ing the viscosity. In these experiments, about 16 grams of oxygen 
reacted with about 2500 grams of cellulose. There was no chlorate 
formation in these reactions. The amount of oxygen consumed 
is of the same order of magnitude as that used in the reduction 
of the viscosity of cellulose in cuprammoiiium solution by gaseous 
oxygen.^ This means that the minimum molecular weight of 
ceiluiose must be at least 2500, should one atom of oxygen react 
; ^yitli one molecule of cellulose. 

Ultramicroscopic examination * to determine whether the re- 
[uction in the viscosity is accompanied by an increase in the 
lumber of colloid particles yielded only negative results on account 
if the deep colour of the cuprammonium solution and the large 
.mount of hydration which took place when other solvents were 
ised. 

The above work was carried out in the Research Department 
)f Messrs. Nobel Industries Ltd., and the author has to thank 
iifessrs. Nobel and Mr. William Rintoul, O.B.E., F.I.C,, for per- 
mission to publish this paper. He also \vishes to thank Mr. J, J. 
ridd, who carried out many of the experiments described herein. 

Audeer Factory, 

Stevenstob. [Received, June 1922.J 


CCXC . — The Sorption of Saturated Vapours by 
CharcoaL 

By John Driver and James Brierley Firth. 

h a previous paper (T., 1921, 119, 1126), the authors show'ed 
that the sorption of alcohol by animal charcoal, when it is exposed 
to the saturated vapour, is about five times as great as the sorption 
|o£ water for a given specimen of animal charcoal. Further, it -was 
shown that in the case of mixtures of alcohol and water the alcohol 
I’? preferentially sorbed. 

* Carried out at Bristol University tlirougli the kind permissiou of Pro- 
essor Francis Francis and Professor J, W. •McBain. 

VOL, CXXI, 4 N 
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In the present connnunicRtionj the fexpennieiits hoive bsen 
extended to include other lic[uids and charcoals. The object ol 
the first series of experiments was to determine the sorption of 
different liquids by a given specimen of animal charcoal. The 
second series had for its primary object the investigation of the 
sorption of certain liquids by different charcoals. A third series 
of experiments was carried out to determine the influence of heat 
on the activity of charcoal relative to the sorption of liquids. 

Experimental. 

(1) Sorplio)i of Liquids by Anhml Charcoal. 

The animal charcoal employed was a portion of the purificil 
sample used in the previous experiments with alcohol and water 
{loc, cit\ The liquids were carefully dried and distilled several 
times before use; the first and the last runnings were rejected. 
The densities of the respective liquids at 25^ (d^:) were as follow : 


Methyl benzoate .... 
Carbon tetrachloride 

Chloroform 

Benzene 


l OTTil Ethyl propionate 0-887( 

1-57:10 Ethyl ether 0 7100 

1'47()1 Carbon disulphide 1-2003 

0-8732 Toluene 0-8()3!t 


The apparatus and the experimental procedure were exactly 
as described in the previous communication {loc. cit.). The results 
are given in the following table, where m is the weight of charcoal 
used and x the c.c. of liquid sorbed. 


Table L 


Methyl benzoate. 

Ethyl propionate. 

m = 

0-7350 gram. 

rn = 

0*7882 gram, 

5 (days). 

a;. 

xim. 

Time. 

X. 

x!m. 

1 

0.00474 

0-006449 

4 hours 

0 007436 

0-009436 

2 . 

0 00993 

0-01351 

2 days 

0 02952 

0-03745 

3 

0-01328 

0-01807 

5 » 

0-06355 

0-08063 

6 

0 02106 

0-02865 

9 » 

0-08631 

0-1070 

8 

0 02423 

0-03296 

. 11 

0-10276 

0-1303 

13 

0 03350 

0-04422 

20 „ 

0-15549 

0-1972 

16 

0 03815 

0-05590 

26 „ 

0-18952 

0-2405 

20 

, 0-05261 

0-07158 

80 „ 

0-37663 

0-4775 

29 

0-06542 

008900 

90 „ 

0-39420 

0-5001 

35 

0-08500 

0-1156 

110 „ 

0-4253 

0-5396 

108 

0-29166 

0-3968 

131 „ 

0-4502 

0-5712 

134 

0-33082 

0-4397 

150 „ 

0-4823 

0-6119 

141 

0-34802 

0-4735 

100 „ 

0-4825 

0-6120 

145 

0-3511 

0-4776 

105 „ 

0-4824 

0-6120 

160 

0-3582 

0-4873 




180 

0-3961 

0-5434 




200 

0-4037 

0-5493 




205 

0-4038 

0-5494 
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Chloroform. 

Table I. 

(continued). 

Benzene. 


n = 

1-0876 grams. 

VI ~ 

0'9284 gram 


Time. 

X. 

zjm. 

Time (days). 

X. 

xjm. 

10 mins. 

20 „ 

1 hour 

2 hours 

0-2014 

0-1852 

1 

0-0976 

0-1052 

0-2298 

0-2113 

2 

0-1036 

0-1762 

0-3560 

0-3273 

4 

0-2312 

0-2491 

0-4338 

0-3988 

6 

0-2/66 

0-2980 

0-4841 

0-4410 

8 

0-3215 

0-3416 

0 *1 

1 dav 

0-6482 

0-5961 

12 

0'3522 

0-3793 

4 days 

0 M 

10 }« 

0-8/22 

0-0180 

1,5 

0-3731 

0-4019 

0-6821 

0-6272 

20 

0-3975 

0-4282 

0-0977 

0-6413 

25 

0-4198 

0-4522 

u » 

10 « 

0-7103 

0-6.531 

3,5 

0-4201 

0-452.5 

0-7103 

0-G53I 

65 

0-4202 

0-4526 

Ethyl ether. 
m - M245 grams. 

VI = 

Toluene. 

1-0018 grams. 

Time. 

X, 

xlm. 

Time (days). 

X. 


0 milts. 

0-3132 

0-2785 

1 

00813 

0-08035 

10 „ 

0-4214 

0-374S 

2 

0-1153 

0-1140 

15 

()-4930 

0-4389 

*3 

0-1502 

0-1485 

30 „ 

0-5163 

0-4.592 

4 

0-J823 

0-1802 

I hour 

0-5281 

0-4697 

6 

0-2536 

0-2506 

2 hours 

0-5102 

0-4618 

8 

0-2611 

0-2583 

14 „ 

24 

0-5104 

0-4539 

10 

0-2823 

0-2790 

0-5003 

0-4450 

14 

0-3238 

0-3200 

48 „ 

0-5000 

0-4447 

18 

0-3571 

0-3530 


0-4998 

0-4446 

25 

0-4010 

0-3963 

96 !! 

0-4999 

0-4446 

3f> 

0 4112 

0-4063 

Carbon tetraclilorido. 

36 0-4220 0-4171 

48 0-4221 0-4172 

Carbon disulphide. 

m - 

= 0-6452 gram. 

VI = 

0-6401 gram. 

Tijne. 


xim. 

Time. 

X. 

xlm. 

4? hours 

0-09G87 

0-1502 

5 mins. 

0-30309 

0-4667 

21 „ 

0-30151 

U-4673 

20 „ 

0-48944 

0-7534 

100 „ 

0-4224,5 

0-6548 

1 60 „ 

0-52325 

0-8061 

m „ 

0-43359 

0-6720 

25 liOLira 

0-45992 

0-7U86 

61 „ 

0-43358 

0-0720 

72 „ 

0-44373 

0-6836 




144 „ 

0-44373 

0-6836 


(2) SoY'^ion oj Liquids hy FariOi/s Chnrcoals. 

A second series of experiments was carried out in which different 
charcoals were employed. The charcoals were, lampblack, blood 
charcoal, sugar charcoal, cocoa-nut charcoal from the shell, cocoa- 
nut charcoal from the fruit. The cocoa-nut charcoal from the 
■white tissue and from the shell were prepared by carbonisation 
as low a temperature as possible. The blood charcoal gave 
initially 9-31 per cent, of ash, which diminished to 4*21 per cent, 
after repeated digestion with concentrated hydrochloric acid and 

4 ^-' 2 
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boiling for eight hours with distilled water. The cocoa-nut charcoal 
from fruit as prepared gave 21-30 per cent, of ash, and that from 
shell 1-21 per cent. ; after purification as above, the ash was S-fjg 
and 0-371 per cent., respectively. The lampblack and the sugar 
charcoal, after purification, contained less than 0*1 per cent of ash. 
In the following table the time required for equilibrium and the 
value of xjm at equilibrium are given. 

Table II. 

Water, Chloroform. Benzene. Alcoliol, 
Time in Time in Time in Time in 


Charcoal. days. xlm. days. z!m. days. x/m. days. x!ni. 

Lampblack 33 0-3842 10 0-9361 22 0-6902 2.3 0-87, H 

Blood charcoal 42 0-2040 23 0-8362 23 0-6410 28 0-74;{(J 

Sugar charcoal 51 0-1214 31 0-4212 3l 0-3851 28 0-40i() 

Cocoa-nut charcoal 

from shell 53 0-0513 60 0-2235 54 0-1714 38 01'J3G 

Cocoa-nut charcoal 

from fruit 54 0-0036 47 0-3061 42 0-2107 41 0-4101 


(3) The Inflnence of Heat on ike Acliviiy of the Charcoal 

It has previously heen shown by one of us (Firth, T., 1021, 119, 
927) that the activity and the sorptive capacity of the charcoal, 
with regard to the sorption of gases, are greatly influenced by its 
previous heat treatment. A similar series of experiments has been 
carried out with liquids. The charcoals were heated in a vacuum 
at different temperatures for periods varying from six to forty-eight 
hours, the temperature being approximately determined by means 
of a pyrometer. The charcoal was allowed to cool in the vacuum 
and transferred as quickly as possible to the sorption apparatus. 
The results obtained arc given in Table III. The two liquids 
used were chloroform and benzene, and the results are given in 
columns (a) and (6), respectively, in the table. 

Discussion of Results. 

The results in Table I show that the rate of sorption varies 
considerably with the different liquids, equilibrium being attained 
most rapidly in the cases of ether and carbon disulphide and 
exceptionally slowly with methyl benzoate and ethyl propionate. 

The results given in Table II show that for a given liquid the 
volume sorbed for 1 gram of charcoal varies over a very wide range 
with the various charcoals used. In the case of lampblack, which 
was the most efficient charcoal used, the value varies from 0-3842 c.c. 
in the case of water to 0*9361 c.c. in the case of chloroform; with 
cocoa-nut shell charcoal, the values arc 0*0513 c.c. and 0-2235 c.c., 
respectively. Again, the tiijio required for equilibrium to be 
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attained is much less mth lampblack than with cocoa>nut shell 
charcoal. From the results given in Table III it is again apparent 
that not only the activity but also the sorptive capacity is materially 
affected by heat treatment. In the cases given, heating at 900“ 
for forty-eight hours results in an increased sorption of approxi. 
mately 100 per cent. When the charcoals are heated rapidly to 
temperatures abov^e 1000°, their sorptive capacities show a diminu. 
tion; this, however, cannot be regarded as a diminution in the 
activity of the charcoal as a whole, but is the result of the con- 
version of a portion of the charcoal into a dense and more compact 
form of low sorptive power, and also possibly to the formation of 
a more stable crystalline phase. Hence the quantity of really 
active charcoal is less than the total charcoal, the actual amount 
diminishing ^vith increase of period of heating (compare Firth, T. 
1921, 119, 929). 

The results cannot be considered to support the view of Curvitsch 
{J. Russ, Phjs, Chem. Soc., 1915, 47, S05) that the volumes of 
liquid adsorbed vary over a relatively small range from 0-61 to 
0*684 c.c. per gram of sorbing substance. Yet it would appear 
from Table I that under certain conditions a number of liquids 
may fall within this range ; on the other hand, many fall outside 
it. Again, the results shoAV that the sorptive capacity of a given 
charcoal for a given liquid can be varied over a wide range ; hence 
any particular result falling wdthin the range given by Gurvitscli 
must be regarded as a coincidence. It has been showm that, for 
the several charcoals used, the sorptive capacity for a given liquid 
varies considerably; which is in further disagreement vith the 
general conclusion of Gurvitsch. 

The Chemical Depahtmext, 

University College, Nottingham. [fiermW, Jw/y 2I.< 1922.] 


CCXCL — Attempts to Prepare Red Sulphide Dyes. Part 
IL Mercaptan Derivatives of Azo-dyes. 

By Edwin Roy Watson and Stkiiibhushan Dutt. 

Mercaptan derivatives of azo-dyes had already been prepared 
with the idea of using them as sulphide dyes {vide Friedlander and 
Mauthner, Z. Farb. Ind., 3, 333; Muller, ibid., 5, 357; B.R-E 
161462; Fichter, Frohlich, and Jalon, Ber., 1007, 40, 4420); hut 
none of them were entirely satisfactory, either because they jere 
insufficiently soluble in sodium sulphide or not easily oxidise on 
fibre or the dyeings were' not sufficiently fast to all agencies. 
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Despite these unsatisfactory results, it was thought worth while 
io prepare some more mercaptan derivatives of azo-dyes, especially 
as none had been prepared containing mercaptan groups (a) in 
the o-position to the azo-linking, (6) in naphthalene nuclei, or (c) on 
both sides of the azo-linking. 

The following mercaptans and azo-mercaptans have now been 

prepared : 

jn-Hydroxyphenyl ^ Mercaptan, OH'CeH^-SH.— m- Aniinophenol 
(5'45 grams) w^as diazotised, the solution almost neutralised, and 
gradually poured into 16 grams of potassium xanthate in 50 c.c. 
of water kept at 70°. The oily product which • separated was 
boiled with alcoholic sodium hydroxide for .seven hours, the alcohol 
removed, and the residue dissolved in W'ater and boiled with 20 c.c. 
of concentrated hydrochloric acid and 6-5 grams of zinc dust for 
an hour. After a second similar treatment with zinc dust and 
acid, the solution was cooled, extracted with ether, the filtered 
ethereal solution evaporated do^vn, the. residue dissolved in alcohol 
and treated with an alcoholic solution of 9 grams of lead acetate. 
The bright yellow precipitate obtained w’as filtered off, washed 
mi\i alcohol, suspended in alcohol, and treated with excess of 
hydrogen sulphide. After filtering from lead sulphide, the alcohol 
was evaporated and pure m-hydroxy phenyl mercaptan (2-7 grams) 
was left as a yellow oil, soluble in caustic .soda and giving an 
intense yellow colour with bcnzenediazoniuin chloride (Found : 
S - 24-0. CgHgOS requires S == 25-4 per cent.). 

Further experience showed that the treatment with lead acetate, 
etc., was unnecessary. 

Di-m-hydroxyphenyl Disulphide, (OH-CgHj 2 S 2 .— The above mer- 
captan, dissolved in alcohol, -svas treated with excess of ferric chloride 
in alcoholic solution. The oil precipitated on addition of water 
solidified when washed by decantation. It was reorystallised from 
boiling water and obtained as white, hexagonal plates melting at 
80 — 90 (Found : S — 25*4. Ci 2 Hj(jOoS 2 requires S ~ 2o'6 per 
cent.). 

BiphenylA ; ‘hisazohydroxy^^phenyl Mercaptan, 

[C6H,‘K2*C,H3(0H)-SH]2. 

benzidine (3*72 grams) w’as diazotised and coupled w*ith 5 '4 
grams of w-hydroxyphenyl mercaptan in alkaline solution. After 
standing over-night, the mixture was acidified and boiled and the 
1 soluble in sodium sulphide and dyes cotton 

red, but the colour changes to brovmish-yellow on oxidation in 
r 1 Jv possess considerable fastness, but are not so fast 

0 alkalis as dyeings with ordinary yellow sulphide dyes (Found : 
ld*o. CjgHj^ON^S requires 8 13*97 per cent.). 
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l-Hydroxy-5-mpUhyl Mercaptan, OH’CjQHg'SH.— A bright orang©. 
yellow solution and a brown precipitate were obtained ’n-ten 
5 -ammo- l-naphthol ( 8’8 grams) was diazotised. The precipitate 
( 1*7 grams) was washed with icc-cold water, the filtrate and washingg 
were mixed and poured into a cold solution of 13'2 grams of 
potassium xanthate in a little water, and the mixture was heated 
at 75° for half an hour. The oil which separated was dissolved 
in ether, the filtered solution evaporated, and the residue boiled 
for six hours with a solution of 17 '6 grams of sodium hydroxide in 
110 c.c. of alcohol. The alcohol having been removed, the residue 
was dissolved in water and acidified, when a dark-coloured oil 
was precipitated. The mixture was boiled with two successive 
doses of zinc dust and hydrochloric acid, when the oil became 
lighter in colour and, on cooling, solidified, whilst the aqueous 
liquid was filled with white crystals. The solid was purified by 
treatment with lead acetate and hydrogen sulphide as in the case 
of mdiydroxyphenyl mercaptan and there were obtained 2 grams 
of a white, crystalline substance softening at 105° and melting at 
115° (Found : 8 — 19'8. CioHgOS requires S — 18-8 per cent.). 

1 : l'-Dikydroxy-6 ; o-dinuphfhyl Disulphide, ( OH* OnjH 6)282.- 
Prepared from the preceding compound by means of alcoholic 
feme chloride solution, and precipitated by water, the disulpMdt 
was obtained in white crystals melting at 190—200° (Found: 
S = 19‘45. requires S -- 18-3 per cent.). 

Dipkenylbisazo - 1 -hydroxy-ij- naphthyl Mercaptan, 
[C6H4-N2*CioH5(OH)-SH]2. 

—Benzidine was diazotised in the usual way and coupled wth 
1 -hydroxy- 5 - naphthyl mercaptan (2 mols.) in presence of caustic 
soda (4 mols.). The mixture was left over-night, the dyestuff 
salted out, and dried on porcelain. 

It was used in this condition for dyeing tests. For analysis, it 
was dissolved in water, precipitated with hydrochloric acid, boiled, 
filtered, washed, and dried (Found : S ~ 10‘9. C 32 H 22 O 2 NJS 2 
requires S = 11’47 per cent.). 

The dyestuff is only slightly soluble in sodium sulphide and 
does not give good dyeings on cotton from a sulphide bath. 

%Hydroxy-l-napMhjl mercaptan, OH'C^QHg’SH, prepared from 
7-amino-2-iiaphthol (4 grams) in the same way as l-hydroxy-a- 
naphthyl mercaptan from the corresponding aminonaphthol, was 
obtained as an oil which became solid on keeping and melted at 
60—70° (yield 0 0 gram) (Found : S 19‘4, 17’C, 
requires S ™ 18‘18 per cent.). 

Diphenylh isazo-^ ■ hydroxy -1 - mphlhyl inerca pla n 

[CoH4*N2*CipH5(OH)*SH]2, 
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was prepa^rfed in exactly the same way as the corresponding deriv- 
ative of l-hydroxy-5-naphthyl mercaptan (Found : 8 = 10*7 
C32H22O2N4S2 requires 8 = 11-47 per cent.). It is almost insoluble 
iji sodium sulphide. 

})iphenylbisazo-2~hydroxy-1.mphthyl Xanthate, 
[CA*N2-CjoH,(OH)-S-CS‘OEt]2. 

—Benzidine was diazotised and coupled in the usual way with 
Miydroxy-5-naphthyl xanthatc (2 mols.) in presence of sodium 
hydroxide. The hydroxy-xanthatc was finely powdered and 
rubbed with cold sodium hydroxide solution. Warming was 
avoided, aa it was found to make the solution turbid. On coupling, 
a purple precipitate was obtained. More sodium hydroxide (6 mols! 
altogether) was added, the mixture left over-night, and the dyestuff 
salted out. For analysis, it was boiled with dilute hydrochloric 
acid, filtered, washed, and dried (Found : S = 18‘3. 0 N S 

ret^uires S = 17‘44 per cent.). ^ 2 2 2 

The substance is soluble in sodium sulphide and dyes dull maroon 
shades on cotton, but the affinity for cotton is not great. 

Experiments on the hydrolysis of this compound for the pre- 
paration of the corresponding mercaptan dyestuff were not very 
successful. 


Mercaptan 

N02-C,H,{SH)*X2-C6H3(0H)‘SH. 

—The 2-nitro-4-amino-l-plienyl mercaptan required for the pre- 
paration was obtained crystalline with m. p. 216“ (according to the 
literature, 222“). This substance (4- 2 grams) was rubbed up with 
7 c.c. of concentrated hydrochloric acid and mixed with 60 c.c. 
of ice-cold water. Sodium nitrite (2 grams, dissolved in a little 
\\ater) was then gradually added, A clear solution not being 
obtained during about half an hour, the mixture was poured into 
a cold solution of 3’2 grains of m-hydroxyphenyl mercaptan in 
125 c.c. of 2 per cent, caustic soda solution, when a dark orange- 
bro^^n solution was formed. After remaining for half an hour, it 
was acidified wuth hydrochloric acid, and the precipitated dyestuff 
Wtered off, washed, and dried (Found: S = 2F2; N ^ 13-3 
requires S = 20-85; N - 13-68 per cent.), 
the dyestuff is soluble in sodium sulphide and gives fairly good 
brown shades on cotton from a sulphide bath. 

C,H,.N,-C,H,(OH),*SH.-A portion of 
° thiolresorcinol used in Part I of this investigation 
Lv r' (^\H3(OH)2-Si.03H] was dis- 

The H coupled with benzenediazonium chloride, 

chlnn/^ j salted out, collected, and acidified with hydro- 
gel ( ound : S ~ 15*0; csilculatcd from the i>ercentage 

4n* 
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of sulphur in sample of thiolresorcinol used, S = 14*47 per cent) 
It dyes cotton yellowish-brown from a sulphide bath. 

Disulfhidodiphenylbisazo- a.-naphtkol-2 -sulphonic Acid, 

/^2\ 

S03H‘C,oH5(OH)*N2‘CeH4-CeH4*N2-CioH,(OH)-S03H. 

— The thiobenzidine used in this and other experiments was pr^. 
pared by heating a mixture of 5*1 grams of benzidine (1 uiQij 
and 3*2 grams of sulphur (4 atoms) at 180 — 200 for twelve hours 
The mixture melted and evolved hydrogen sulphide during the 
early stages of heating. The product was powdered and digested 
over-night with dilute hydrochloric acid (8 per cent.). On neutral, 
isation with sodium hydroxide, the filtrate gave a yellow precipitate 
which was boiled several times with water to remove unchanged 
benzidine. The product (3*2 grams) melted at 265 — 270° with 
decomposition (and therefore was different from the substance 
described in B.R.-P. 38795) (Found : S = 20*1. 
requires S = 20*1 per cent.). 

Thiobenzidine (0*492 gram), dissolved in 3 c.c. of concentrated 
hydrochloric acid and a little hot water and diluted to 28 c.c 
with more water, remained in solution on cooling. The ice-cold 
solution was diazotised with 4 c.c. of A^-sodium nitrite, the mixture 
(containing an orange- coloured precipitate) coupled with Schaffer’s 
salt in soda solution (in excess of 2 mols.), and the dyestuff isolated 
in the usual way (Found : S = 15*2. C32H20O8N4LS3.43 requires 
S =: 15*7 per cent.). 

The dyestuff is crimson and dyes cotton directly (compare 
D.R.-P. 38795) and also from a sulphide bath. The dyeings are 
faster to alkali than most direct cotton dyes, but are not so good 
as ordinary sulphide dyes, a result to be expected from the presence 
of sulphonic acid groups. 

Dyestuffs were also formed by coupling diazotised thiobenzidine 
with p-naphthol and di-a-naphthol trisulphide, but the products 
were not sufficiently pure for analysis, nor were they satisfactory 
red sulphide dyes. 

Di-oL-mphthol Trisulphide, (CioHg*OH)2S3. — A warm solution of 
a-naphthol in aqueous caustic soda has the property (similar to 
that possessed by resorcinol and p-naphthol) of dissolving sulphur 
and forming a sulphide, which is precipitated by acid. By using 
4 atoms of sulphur for each molecule of a-naphthoI, it was 
expected to obtain a polysulphide approximating to the formida 
(CioHg*OH)2S7, but its composition agreed closely with the 
formula (Cn)H6*OH)2S3. It showed a tendency to crystallise 
(Found : S — 25*1. C20H14O2S3 requires S = 25*1 per cent.). 

IHphenylbisazodi-ci-mphihol l^risulpkidc, [C5H4*N2* CioHi(OH)],S, 
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.-Benzidine was diazotised in the usual way and coupled with 
excess of di-a-naphthol trisulphide in caustic soda solution After 
keeping over-night, the dyestuff was salted out. For analysis it 
was dissolved in water and precipitated by hydrochloric acid 
(Bound: S = 16 - 7 . requires 8 = 16-3 per cent.). 

It is soluble in caustic soda and in sodium sulphide, but d3^e8 cotton 
only in light clay-coloured shades from a sulphide bath. 

The substances described in the paper were first prepared in the 
British Dyes Laboratory at Leeds University and have been again 
prepared and analysed in the chemical laboratory at Dacca Univer- 
sity. Our thanks are due to the British Dyestuffs Corporation 
Ltd., for permission to publish these results. ' 

Dacca University. Technological Institute, U.P., 

Cawnpore. 

[Received, July I2tk, 1922 .] 


CCXCII. Form of the Vapour Pressure Curve at 
High Temperature. Part I. The Curve for Lead. 

By Chkistopheb Kelk Ingold. 

The various vapour pre.s.sure formiilaj which have been proposed 
from time to time have hitherto been tested on substances the 
boiling points of which embrace a somewhat limited range of tem- 
perature, and it is obviously of great importance in comrexion with 
the general theory of the continuity of the fluid state of matter 
that measurements of vapour pressure should be continued as far 
M possible into the regions of very low and very high temperature 
-None of the vapour pressure formulm which at present hold the 
held has an entirely .satisfactory theoretical basis, and it is 
undoubtedly true that they are retained principally by virtue of 
th® accuracy m expressing experimental data over' the com- 

Wlied^^F™! to "hich they have been 

aS s'-a'-ehing te.st i.s necessary, 

nlr ^ ‘he applicability of vapour pressure formute 

^ them iH: "f to 
or sunerimi perspective, to isolate partly compensating 

areTb eZ H e d^t^nnine in how far thesf 

WithZ "Adequacies of theoretical foundation, 

w the hthfo^fZ "tay proceed to consider first of all, 

»nd Nellt tormul® of Kirchoff, Hertz, 

> numencal results oontained in the experimental 

4n*2 
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part of this paper for the vapour pressure of lead between 920* 
and 1340“, 

The theoretical basis of the formula under immediate con. 
sideration lies in the thermodynamic relationship of Clausius and 
Clapcyron 

X = (« - (i) 

(X is the molecular latent heat of vaporisation, and v and v' arc the 
volumes occupied by 1 gram- molecule each of vapour and liquid 
respectively, in equilibrium), which may be integrated if certain 
simplifying assumptions are made. Kor instance, one may assume 
the following : 

(а) That the gas laws, pv = ET^ are applicable to the saturated 
vapour. 

(б) That v' is negligible in comparison wutli v, or, alternatively 
that the expression p{v — v') — RT is sufficiently exact. 

(c) That the difference between the specific heats of the vapour 
and liquid in equilibrium with ene another is invariant with tem- 
perature. It follows directly from the first law of thermodynamics 
and the simplifying assumptions (a) and (6) that dljdt = Cy - 
C'p — R {Cp and C'p are the molecular heats at constant pressure 
of the vapour and liquid, respectively, in equilibrium), so that the 
present assumption may be expressed in the form X = L -f- 
that is, X is a linear function of the temperature. 

The result of employing these three suppositions in the integration 
of equation (i) is to produce a Kirchh off- Hertz equation : 

Rlogep ^ J — LjT + K loge T (ii) 

(J being the constant of integration). If, on the other hand, in 
place of assumption (c) we suppose 

(c') that Cp — C'p is a linear function of the temperature, then 1 
wiU become a quadratic function of the form X = -f aT -f- 
provided that assumptions (a) and (b) remain true. 

The integration of equation (i) with the help of assumptions 
(a), (6), and (c') leads to an equation of the Nemst form : 

iJlogjp = - Li/T + alog^T + pT . . . W 

which is known to express experimental data fairly accurately 
over considerable ranges of temperature. 

On considering how each of the above assumptions afiects the 
applicability of the vapour pressure equations (ii) and (iii) at high 
temperatures, it becomes evident that no appreciable errors 
arise from (6), provided that the pressures are moderately small, 
let us say, less than one atmosphere. Even for liquids boito? ^ 
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neaJ ordinary temperature, v is usually of the order of 1000 

times but for liquids boiling at 1000—1500" the ratio must be 
nearer 5000, and still greater at diminished pressures. Obviously, 
therefore, there is no need to consider assumption (5) as a possible 
source of inaccuracy. 

The same is not necessarily true, however, of the assumptions 

(0) and (c), or even of the second approximation (c'). It would be 
of great interest to know what form the vapour pressure equation 
would assume if one were to combine the thermodynamic equation 

(1) with Berthelot’s or Dietcrici’s equation of state, but, unfortun- 
ately, the expression so obtained cannot be integrated. On 
general grounds, however, it is obvious that errors due to devi- 
ations of the saturated vapour from the gas laws must become 
mom noticeable at high pressures, and it would be reasonable to 
attribute divergences of this character to the inapplicability of the 
gas laws, provided that it could be shown that the errors involved 
in assumptions (c) or (c") are small. 

It was for this reason that lead was chosen as the subject of the 
present investigation. It was necessary in the first place that 
the liquid used should have an ordinary boiling point of about 
1400-1600", that is, above, but not too much above, the highest 
temperature that could be reached and measured with the apparatus 
used. Secondly, it was desired that the liquid should give a 
monatomic vapour. 

The boiling point of lead has been estimated by Greenwood 
[Z. Ekktrochem., 1912, 18, 319) as 1525" or 1570", and by Warten- 
Imrg as 1630" {ibid., 1913, 19, 484). The vapour density of lead 
has been determined by Wartenberg {Z. anorg. Chem., 1908, 56, 
320), who obtained the normal value. According to the kinetic 
theory, the specific heats of all monatomic gases are invariant 
with temperature, and this conclusion is fully supported as regards 
argon by Pier’s measurements extending to 2350" (Z. EleHrochem., 
1909 15 538). For a monatomic gas, then. Cp is constant, and 
one of the factors which contribute to the departure from the 
5 raight-line laws of the relationship between X and T is therefore 
-im mated. If one could be certain that there was no association 
1*1 e liquid state, C'j, w^ould also be constant, and there would 
he M need for the tenn pT in equation (iii). We could then regard 
e irc 0 -Hertz equation as expressing the vapour pressure 
otim same degree of accuracy as that to which the gas laws apply 
' e saturated vapour. Such an assumption, however, is un- 
iranted; but, on the other hand, there is every reason to believe 
)erpf,i bleats of liquid metals vary very little with tern- 

re, and that the small variations which do occur can 
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accuratiely be expressed as linear relationships.* Evidently, then 
it is necessary to employ equation (iii) ; but in the case of 
metals at least, we may be fairly certain that it is sufficiently 
comprehensive to include all deviations from the simpler relationship 
other than those due to departures from the gas laws. 

The method of testing the equation was as follows. The whole 
experimental range of temperature was divided into two equal 

Fig. 1. 



portions, 920—1130® and 1130 — 1340®, and the observations in 
each interval were plotted on squared paper (Figs. 1 and 2). Smooth 
curves were drawn through each set of points, and from one of 
them {Fig. 1) four values were selected by means of which a formula 
of type (iii) could be calculated. The four values were {t = 921 , 
p == 0‘o0 mm.), (i = 963®, p = 1-00 mm.), {t = 1075 ®, p = 5-00 mm.), 

♦ Tliis is known to bo so in tho caso of mercury, for which Mithaler givM 
the formula C 0>033360 -- 0-0000093 t betw-epn 0" and 200“ 

} 899 . 36 , 897 ). 
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and (t - 1129", p = 10-0 ram.), and the formula to which they led 
was 

logio P ^ "If- + 1 *'^^ logio T - 0-000982 T . (iv) 

(where T t 273 and p is reckoned in ram. of mercury). The 
graph of this equation was now plotted on each of the diagrams 
of experimental observations. In the first temperature interval, 
920 — 1130°, it was found to fit closely over the experimental curve, 
as, indeed, was to be expected. This agreement is such that the 


Fig. 2. 



two curves can only just be distinguished separately on the scale 
to which Fig. 1 is drawn. In the second range of temperature, 
however, the theoretical and experimental curves diverge more 
and more as the pressure rises, the difference between them amount- 
ing to 6° or about 4 mm. pressure (Fig. 2) in the neighbourhood of 
1300°. Since the individual temperature measurements are 
believed to be accurate to 1° and the pressure readings to 0-1 mm. 
at this end of the series, there can ^ no question but that the 
observed discrepancy represents a defect of theory in the sense 
indicated above. 

In order to be certain that this “ extrajralation test ’’ was not 
too sensitive to slight differences in the numerical constants, the 
^hole process was repeated, the observations being plotted afresh 
and a new set of four values selected. The results were identical. 

It 33 a remarkable fact that, although the experimental obsery* 
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ations cannot adet^uately be represented by a formula of type 
they can be expressed with great accuracy by Ramsay and Young’s 
empirical formula 

T’l/'Tj = m + bTj (v) 

(where and are the absolute boiling points of two 
under the same pressure, and m and n are constants, n being sniall) 
which satisfies an even more exacting extrapolation test than that 
used in connexion with formula (iv). The comparison liquid was 
mercury, and the values of its vapour pressure were taken from the 
table given by Smith and Menzies (J. Amer. Chem, Soc.^ 1910, 32 
1447). Two points {t — 944*^, p — 0-76 mm.) and {t = lOBo®' 
p = 4-18 mm.), chosen to include approximately the first quarter 
of the whole experimental interval of temperature, ga\'e tlic 
equation 

= 3-244 - 0-00038 Tng . . (vi) 

by means of which the observations in the remaining three-quarters 
of the range could be expressed with an accuracy at least equal 
to that which the measurements themselves are believed to possess. 
The graph of equation (vi) lies so closely on the curve of smoothed 
experimental results that it is impossible to distinguish them on 
the scale to which the diagrams arc constructed. 

Henglein’s formula,* 

log T, = fl log + 6 (vii) 

for which a theoretical basis has been claimed {Z. Ekklrochm.^ 
1920, 26, 431), was also examined. Using the lower half of the 
temperature range to obtain the constants, the formula 

log Tpb “ 0*953 log J^Hg 4* 0*613 .... (Yiii} 

was calculated and its graph constructed. The graph fitted well 
over the experimental curve in the temperature interval 930— 
1130°, but in the second interval, 1130—1340°, it diverged more 
and morfe at the higher temperature, approximating very closely 
to the curve for the Kirchhoff -Hertz -Nernst formula (iv). The 
correspondence does not continue, however, above the experimental 
range ; at high temperatures the Henglein curve lies betw^een the 
Kirchhoff-Hertz-Kemst curve and the Ramsay- Young curve, 85 
is shown by the following calculations of the boiling point of lead . 
under atmospheric pressure : 

* Putting b = log k, this may be written Ti — where » 

small, since a is always close to unity. If expanded, higher powers of h than 
thfi first being neglected, this becomes =3 4 - hlogt that is, 

T .= k + hk log, T,, 

which dhows its relationship with Ramsay and equation. 
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j , B, p. of lead. 

Extrapolated by the Ramsay- Yoking formula (vi) IG19“ i 

Extrapolated by the Hcnglein formula (viii) 1037** = 18® 

Extrapolated by the Nemst formula (iv) 1053*} ^ 16® 

Since the Ramsay- Young formula is the only one which fits the ■ 
observations, we may conclude that the error in the calculated 
value, 1619°, for the boiling point is a good deal less than any of 
the differences between the three, figures tabulated* 

It is truly remarkable that the only one of the three formul.-o 
investigated which accurately expre-sses the experimental results 
should be the only one with no claim to any theoretical foundation 
The Ramsay-Young formula does not appear to have been tc.sted 
previously on a pair of substances having such widely different 
boiling points as mercury and lead, and since over the intervals 
of temperature within which it has been employed other vapour 
pressure formul® have repre,sented the observations equally well 
its extraordinary accuracy and range of application as a two-’ 
constant formula have not been sufficiently emphasised. Obviously 
the whole matter hinges on the establishment of a general equation 
of state from which, with the aid of Maxwell’s theorem of the iso- 
therm. a vapour pressure formula can be derived which reduces 
to Ramsay and Young’s formula when the variable p is eliminated 
between equations for two substances. None of the characteristic 
equations hitherto proposed fulfils this condition, although Heng- 
lem’s calculations (he. dt.) are certainly to be regarded as a firet 
step in the required direction. 


iiXPERIMENTAL. 

[k)— Purification of MaierkU. 

iciid.-Katilbaiim’s pure lead was distilled in quantities of 
atat 10 grams m a small porcelain retort which, after introduction 
of the metal, was filled with pure nitrogen and then evacuated to 
a pressure of loss than 0-05 mm. The heating was performed with 
an onhnary Bun.sen burner. Head and tail fractions of about 
!■ grams each were rejected, and the middle fraction, which was 

™l ® I™ However, Johnston (/. /»rf. c/if,,, 191- g o?„, 

oti I'r''- Hildebrand, on tlie basis of his entropy rule, give 

heat of vapori.,. 

* = 45400 an77i7i!'’ ^ ° “'guifioant figures. Johnston caloulates 

M400, and Hildebrand \ =. 47500 cai. (toe. cif.). 
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obtained as a button and some small beads of bright mercurial 
lustre, Was examined as regards its melting point and density. 

The melting points were taken with a platinum thermometer stan. 
dardised by means of the b. p/s of water (100°) and sulphur (445®). 
The extreme determinations were 326-0° and 327-8°; specimen!! 
having m. p, above 326-5° were accepted as satisfactory. Density 
determinations varied from 11-325 to 11-345, but no otherwise satis- 
factory specimens were rejected on account of low density, as this 
may have been due to the inclusion of minute bubbles. Holborn 
and Day quote 326-9° as the m. p. {Ann, Phynh, 1900, [iv], 2, 505), 
and Kahlbaum, Roth, and Siedler give 11-3470 as the density oi 
metal which had been pressed under 10,000 atmospheres [Z. anon), 
Chem., 1902, 29, 278). 

Mercury. — The mercury employed in the pressure gauge was 
distilled in a vacuum, washed with dilute nitric acid by Hilde- 
brand’s method [J. Amer. Chem. Soc.^ 1909, 31, 933), and then 
tested in the manner recommended by Hulett and Minchin {Physical 
Rev., 1905, 21, 388). The potential difference between the sample 
and a portion of it which had been distilled twice in air to oxidise 
metallic impurities, if present, could not be read on a galvanometer 
which would have detected 0*000005 volt. 

Nitrogen . — The nitrogen employed was taken from a cylinder 
and purified hy passage throu^ three towers of pumice soaked in 
alkaline pyrogallate, two soda-lime tubes, three bulbs containing 
phosphoric oxide, and two additional bulbs, one empty and the 
other filled with cotton wool. These were intended as dust traps, 
hut they did not appear to catch any dust and could probably 
have been dispensed with. 

(K)— Apparatus, 

General^Tha vapour pressure measurements were made by an 
adaptation of the usual dynamic method, the lead being boiled 
under varying pressures of nitrogen in a tube, the upper portion 
of which served as a reflux condenser, A thermometer immersed 
in the vapour gave the temperature, whilst the pressure was read 
from a manometer attached to the cooler parts of the apparatus. 

Boiling-tubeJi.—^cycTStX kinds of tubes w*ere tried, but porcelain 
and carbon tubes were the only ones which gave consistent results 
and proved satisfactory in other respects. Some of the observ- 
ations tabulated below were made with carbon tubes and ot cb 
with porcelain tubes. The tubes were all about 36 cm. ^ 
2 cm. in internal diameter. The carbon tubes were 
stout rods of the quality used for arc lamps ; their life at the big 
temperature employed was rather short > an^ tJioy not en 
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gas-tight, as was shown by the presence of traces of carbon mon- 
oxide in the nitrogen pumped off ; on the other hand, the metal 
boiled in them with absolute regularity and the temperature 
readings were thereby much facilitated. 

An attempt to use a platinum resistance furnace was 
abandoned owing to the fact that heat could not be supplied 
quickly enough to maintain rapid ebullition. 

The arrangement finaUy adopted was a gas-fired furnace con- 
structed of specially shaped and trued silica bricks, which, when 
placed together and held in position by iron bands, left a spherical 
cavity, 10 cm. in diameter, having three cylindrical openings, 3 cm. 
in diameter, one at the bottom and two near the top. Heating 
was performed through the bottom opening by means of a water- 
cooled oxy-coal gas or oxy-hydrogen blo^vpipe. Through one of 
the upper openings the tube was inserted to such a depth that the 
boiling metal occupied the centre of the spherical cavity. The 
other opening, which could be partly or wholly covered by a brick 
served to emit the flame gases . 

In addition to this furnace, a subsidiary furnace w^as employed 
in order to heat the first 8 cm. of the projecting portion of the 
boiling-tuhe. This was a cylindrical electric furnace consisting of 
a platinum strip, bedded in burnt magnesium oxide and wo^d 
on a porcelain tube, 9 cm. long and 3 cm. in internal diameter, 
the whole being packed in asbestos. This furnace slipped easily 
over the boiling-tube and rested on the lid of the main furnace 
during an experiment. 


The heat from these furnaces was prevented from reaching the 
upper end of the boiling-tube by surrounding the uppermost 
12 cm. with a lead coil carrying cold water. 

Thermometer. Good results were obtained with a platinum 
resistance thermometer, but a platinum-rhodium thermocouple 
was found to be the most convenient instrument for the purpose 
One wire passed through a silica capillary, and the whole could be 
slipped as far as necessary into the porcelain thermometer tube. 
The compactness and case of mechanical adjustment of the thermo- 
couple constituted its chief advantage over the resistance thermo- 
meter, especially in exploring the tube for variations of temperature. 

he results tabulated below were all measured with the couple 
whiclMvas standardised from 85t)» to 1400° by direct comparison 
1" a fused sodium chloride bath with the platinum resistance 
jrmometer, the fixed points of which were determined with 
^ melting points of sodium cliloride (800°), copper 

meltinl’l* "mkel (14,u2°). As a further check, the 

g points of sodium chloride, •sodium sulphate (884°), silver 
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(961°), potassium sulphate (1063°), copper, and nickel were deter, 
mined by means of the couple, and were found to be correct \q 
within one degree. The cold junctions were kept at 0° in all 
cases. The standardisation was repeated at frequent intervals 
and, in particular, just before and just after the four final sets 
of readings recorded in section D. 

Manometer > — This consisted of a glass tube, 1 cm. in internal 
diameter, dipping in a mercury cup wth a screw adjustment ty 
means of which the level could be set with the aid of an ivory 
pointer as in an ordinary barometer. The readings were made 
on a steel scale with a vernier and cursor attached to the same 
carriage, controlled by a rnilled wheel, a mirror at the back being 
used to eliminate parallax. 

The readings, which, it is believed, were accurate to 0-05 mm,, 
were corrected for capillarity, and for the thermal expansion of 
mercury and steel between 0° and the temperature of the instrument. 

Nitrogen Supply . — Increases of pressure were effected by letting 
in nitrogen from a reservoir, consisting of a large test-tube inverted 
over mercury, in which it was stored as required. One section of 
the nitrogen supply tube was of capillary tubing, so that the 
quantity of gas which passed could be roughly regulated by opening 
the stop-cock for a definite length of time. 

Pumps . — Reductions of pressure w^re effected by means of a 
two-stage Gciyk oil pump backed by a water pump. 

(C ) — Preliminary Experiments. 

By changing the distance of the thermocouple from the surface 
of the liquid it was found that, for moderate pressure (3 to 30 mm.) 
under the conditions used, there was a space, 6—9 cm. long, within 
which quite concordant readings of the temperature of the con- 
densing vapour could bo obtained. Below this region there 
appreciable superheating ; above it, the vapour evidently did not 
reach the thermocouple. The exact position of the region of 
constant temperature was found to depend to some extent on the 
pressure; thus, on reducing the pressure below 3 mm., the region 
moved noticeably higher up the tube, with the result that a thermo- 
couple placed so that it recorded accurate boiling points for higher 
pressures suddenly ceased to give correct boiling points when the 
pressure was diminished below a certain limit. 

. A number of such quantitative experiments were made both 
without and with the use of the subsidiary furnace; and they 
showed that its use was necessary, and that it should be bpt 
approximately 100° belowjhe ^observed boiling point, in order 
that fhe thern^ocouple in’ a aet^^position should always be witliiQ 
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the tone of true condensation without being subject either to 
splashing or to superheating. Fig. 3 shows typical distributions 
of temperature; and in the middle section are shown the dis- 
tributions, for a pressure of 7 mm. (b. p. 1100°), (a) \\ ithout the 
subsidiary furnace (dotted curve), (6) with the subsidiary furnace 
at 800° (broken curve), and (c) with this furnace at 1000° (full-line 
curve). The actual readings arc omitted from tiie diagram for 
the sake of dearness, but they were all within 2° of the appropriate 
curv'e. It will be seen by inspection of the three full-line curves 
on the diagram that the section of the tube between 8 and 14 cm. 
from the liquid surface always attains the temperature of the 


Fig, 3. 



condensing vapour over the whole range of pressures and tem- 
peratures examined. 

The temperatures recorded in the experiment described below 
were usually taken near the middle of this interval, but occasionally 
near to one end or the other. 

The temperature of the subsidiary furnace was measured optically 
through a small aperture provided for the purpose. 


(D) — Fi na I Expert men is . 

^though during the course of the preliminary experiments 
er am sections of the vapour pressure curve were traced fairly 
ura e y, the figures recorded below are taken exclusively from 
of i", “"'f in each of which tlie whole, or almost the whole, 

he temperature range (920-1340°) was traveled. The details 
™ these experiments are as foUow : . 
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(1) Porcelain tube. Readings taken in order of ascending 
pressures. 

(2) Porcelain tube. Readings taken in order of descending 
pressures. 

(3) Carbon tube. Readings taken in order of ascending pressures. 

(4) Carbon tube. Readings taken in order of descending 
pressures. 

In Table I, the first column contains the reference number oi 
the experiment, and the second and third columns the observed 
pressures and temperatures. The temperatures calculated by the 
Ramsay-Young formula (vi) to correspond with the observed 
pressures are recorded in the fourth column, whilst the fifth shows 
the differences between the temperatures observed and calculated. 
The sum of the differences for all the fifty- eight observations b 
— 1^, so that the average difference is — 0 '016°, or approximately 
zero, as it should be. On the other hand, the average of thi? 
differences for the first twenty-nine observations is — 0'2“ jmd 
of the second twenty-nine readings is + 0‘2“, so that the general 
agreement is evidently capable of being slightly improved by a 
small change in the constants of the formula, although it was not 
thought worth while to attempt any such refinement. 


Table I. 


No. 

p (mm.). 

t cc.). 

t (calc.). 

A, 

No. 

p (mm,). 

i °C.). 

t (calc,). 

L 

3 

0-50 

922° 

922° 

0 

1 

9-75 

1129° 

1128° 

41’ 

4 

0*65 

932 

934 

oo 

2 

11-2 

1140 

1139 

41 

2 

0-70 

940 

930 

+1 

3 

12-9 

1150 

1151 

-1 

1 

0-85 

947 

949 


1 

13-5 

1155 

1154 

41 

3 

0-85 

952 

949 

+ 3 

4 

160 

1165 

1166 

-1 

1 

0-90 

951 

953 

-2 

2 

18-1 

1179 

1178 

4l 

2 

0-95 

955 

957 

-2 

3 

20-6 

1188 

1190 

' —2 

4 

lOo 

965 

965 

0 

4 

26-9 

1214 

1216 

-2 

1 

1-20 

974 

974 

0 

1 

27-9 

1222 

1220 

—2 

3 

1-30 

979 

979 

0 

3 

29-0 

1226 

1223 

43 

2 

1-40 

985 

984 

+1 

‘1 

35-1 

1242 

1243 

-1 

4 

1-60 

995 

994 

+1 

1 

37-5 

1249 

1250 

-1 

3 

1-80 

1000 

1001 

-1 

4 

37-5 

1251 

1250 

41 

2 

2*05 

1010 

1010 

0 

3 

38* 1 

1255 

1251 

41 

4 

2-35 

1020 

1020 

0 

2 

44-4 

1268 

1267 

4l 

1 

2-50 

1025 

1024 

4-1 

1 

46-9 

1271 

1273 

-- 

2 

2-60 

1026 

1027 

-1 

4 

50‘0 

1280 

1280 

0 

4 

3-25 

1040 

1042 

2 

1 

53*9 

1287 

1287 

0 

3 

3-95 

1052 

1056 

-4 

3 

55- 0 

1290 

1289 

41 

1 

4-00 

1059 

1057 

4-2 

2 

62*6 

1301 

1301 

0 

4 

4' 50 

1066 

1066 

0 

3 

65-0 

1306 

1306 

0 

3 

4-75 

1070 

1070 

0 

4 

C7'4 

1310 

1309 

41 

2 

54() 

1080 

1080 

0 

1 

73-0 

1316 

1317 

-1 

3 

5-85 

1088 

1087 

4 1 

1 

74*9 

1320 

1320 

0 

4 

6-50 

1094 

1095 


3 

75*7 

1322 

1.321 

41 

1 1 

2 

6‘7o 

1098 

1098 

0 

4 

81*3 

1330 

1329 

41 

n 

1 

7-50 

1106 

1106 

0 

3 

82-6 

1330 

1330 

u 

-2 

3 

7-85 

1110 

1110 

0 

4 

87*5 

1335 

1337 

1) 

4 

8-50 

1117 

1117 

.0 

3 

88*5 

1338 

1338 
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Table H gives the vapour pressure of lead in mm. of mercury 
for every 10° between 920® and 1340®. The first column contains 
he and the second the pressure, read from the curve 

{ smoothed experimental results which is indistinguishable from 
the curve of the Ramsay-Young formula (vi). The third and 
fourth columns contain the pressures calculated by the Henglein 
formula (viii) and the Nemst formula (iv), respectively. 


Table II. 



p^-Oba., 
and calc, 
by vi. 

p-Calc. 
by viii. 

p-Calc. 
by iv. 


p-Obs., 
and calc, 
by vi. 

p-Calc. 
by viii. 

p-Calc. 
by iv. 

920“ 

930 

940 

950 

960 

970 

980 

990 

000 

010 

(mm.). 

(mm.). 

(mm.). 

t ('’C.). 

(mm.). 

(mm.). 

(mm.). 

0-49 

0-49 

0-49 

1140“ 

11-3 

11-4 

11-4 

0-62 

0-61 

0-60 

1150 

12-8 

12-8 

12-8 

0-71 

0-71 

0-70 

1160 

14-2 

14-1 

14-2 

0-86 

0-84 

0-83 

1170 

16-7 

16-2 

16-1 

0-99 

0-96 

0-95 

1180 

18-5 

18-0 

180 

M4 

M4 

M4 

1190 

20-6 

20-0 

20-2 

1-32 

1-32 

1-32 

1200 

23-2 

22-2 

22-4 

1-52 

1-55 

1-55 

1210 

25-0 

24-7 

21-9 

1‘77 

1-78 

1-78 

1220 

27-9 

27-3 

27-5 

2-05 

2-07 

206 

1230 

31-0 

30-3 

30-3 

020 

2-35 

2-37 

2-35 

1240 

33-9 

33-3 

33-3 

030 

2-70 

2-71 

2-70 

1250 

37-5 

36-5 

36-5 

040 

3-20 

3-10 

3- 05 

1260 

41-4 

39-9 

40-0 

050 

3-69 

3-58 

3-54 

1270 

45-6 

43-7 

44-0 

060 

4-17 

4-10 

4-04 

1280 

50-0 

47-9 

48-2 

070 

4-75 

4-71 

4-69 

1290 

55-0 

52-7 

53-0 

080 

5-40 

5-37 

5-35 

1300 

62-0 

57-8 

58-2 

090 

6-10 

6-14 

6-16 

1310 

68-1 

63-4 

64-2 

.100 

6-85 

6-9^ 

6-98 

1320 

74-0 

69-6 

71-0 

no 

7'85 

7-93 

7-94 

1330 

82-6 

75-4 

77-9 

120 

130 

8- 85 

9- 95 

8-94 

10-0 

8-94 

100 

1340 

90-3 

830 

87-0 


Table III is appended to show that the incorrect values given 
! Nemshs and Henglein 's formula; are equally appreciable when 


t (Obs. and calc. 
P \ byvi.) 

(Ramsay-Yoimg). 

0- 76 944“ 

1’20 9 74 

1- 85 1003 

2‘81 1032 

4-18 1000 

CIO 1090 

8-7G 1119 

2d 1148 

7'2 1174 

!K 1202 

120 1234 

1263 

16-6 1291 

1319 


Table III. 


t (Calc. 


by viii.) 

A--r. 

(Henglein). 

Liij— r, 

044“ 

0 

974 

0 

1003 

0 

1033 

-J- 1“ 

1001 

+1 

1089 

-1 

1119 

u 

1149 

-! 1 

1176 

j, 2 

1206 

-f4 

1238 

14 

1269 

4 6 

1297 

4-6 

1327 

. +8 


t (Calc, by iv.) 


(Nernst), 

^v— Tv 

044“ 

0 

074 

0 

1003 

0 

1033 


1061 

-I'l 

1090 

0 

ino 

0 

1150 

-42 

1176 

-t-2 

1205 

-^3 

1237 

-r-3 

1268 

+ 5 

1297 

4- 6 

1325 

-f6 
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calculated with reference to temperature, the proportional increj^g^ 
of whicli is comparatively small. 

laiFEiUAL College of Science and Technology, 

South Kensington, S.W, 7 . [Received, Aujust liidi, 1922.] 


CCXCIII . — Eesearches on Residual Affinity and Co* 
ordination. Fart IX. Interaction of Selenium 
Tetrachloride and p-Dilcetones. 

By Gilbert T. Morgan, Harry Hugald Keith Drew, and 
TH 03 IA 3 ViroND Barker. 

A COMPARATIVE sludy of the action of the tetrachlorides of selenium 
and tellurium on acetylacctonc {T., 1920, 117 , 1456) showed that 
the selenium and tellurium derivatives of this dilcetone differ in 
type from the ace tylace tone derivatives hitherto obtained from other 
elements. 

This investigation has since been extended to other p-diketones, 
and the results obtained in condensations with tellurium tetra- 
chloride have recently been described (this voL, p. 922). The present 
communication deals ^vith selenium derivatives of these ketones. 

In the first paper on this subject [he, cit,), it was shown that each 
of the tw'o tetrachlorides caused the removal of two hydrogen atoms 
from acetylacctonc, giving rise to a bivalent radicle, CgHgO^", 
existing either in tellurium acetyl acetone dichloridc, C 5 HQ 02 iTeCk, 
or in the dimeric selenium acetylacetonc, (C 5 HQ 02 *Se) 2 . 

A more comprehensive study of these condensations indicates 
that the organic radicles present in the foregoing compounds are 
not identical but isomeric. In the tellurium series (this vol., p. 922) 
the derivatives containing the bivalent radicles in all probability 
form part of a six-membered cyclic system. But further experi- 
ments on the selenium scries show that a similar formulation docs 
not explain the observed facts (compare T,, 1920, 117 , 1458). The 
interactions of the two tetrachlorides and the |2- diketones are only 
superficially comparable ; more detailed examination has revealed 
characteristic difterences. As bearing on these dissimilarities, the 
following significant fact.s should bo noted : 

(1) Tellurium tetrachloride condenses smoothly with the free 
P-diketone, wdiereas the selenium tetrachloride reaction proceeds 
best with the copper derivative of the diketonc. 

(2) In the selenium series, condensation is ahvays accompanic 
by chlorination of a portion of the p-diketone. This reaction is no 
observed in the tellurium series. 
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(3) The teUurium derivativea obtained directly from condensation 
between the tetrachloride and the diketone retain a portion— 
usuaUy two atomic proportions— of the chlorine. The selenium 
derivatives are always free from chlorine. 

This contrast in the behaviour of the tetrachlorides is probably 
connected with the differences in the nature and stability of the 
various chlorides of the two metalloids. Tellurium yields two 
chlorides, TeClj and TeCl4, but shows no tendency to form Te Cl 
Selenium, on the contrary, gives most readily ge,CL and SeCr 
The greater tendency for selenium to accumulate in the molecul'e 
is apparent in the majority of the organic derivatives of this metalloid 
with the |3-diketones. In the tellurium series, the derivatives with 
the diketones contain only one tellurium atom, and when thi.s atom 
is combined with a bivalent organic radicle the hydro<ron 'atoms 
removed m forming the unsaturated complex are taken one from a 
terminal methyl group and one from the enolic group. 

The evidence adduced in the experimental part of this com 
munication supports the view that in the condensation of selenium 
tetrachloride and a P-diketone, or its copper derivative, the iiydroven 
atoms removed in forming the bivalent group are both takL from 
the methylene ^oup either directly or indirectly after eiiolisation 
and forma 1011 of copper derivative. If one of tliesc hydrogen atoms 
13 replaced by ethyl as in C-cthylaeetylacetoiic fpp 044Q 04gji 
then a bi^lent radmie is not ,, reduced and selenium a’tfoohes 
Itself to univalent radicles. If, 0,1 the other hand, the S-diketone 
con ain,s ,10 terminal methyl group, a.3 i.s the ease with dibenzovl-' 
methane (pp. 441. 2460). selenium derival ive.s contaiaimr bivalent 
organic radicles are nevortlioles.s produced. 

I Selenium Tetrachloride and Copper 
■A t y I a c E i 0 n c. 

etrachlonde and copper acetylaectone may be repre.sented in one 
equation although, in al! probability, the reaction oceui-s in staves. 

(<i) 2.SeClj + 2 Cu(C 5H,02)2 = 

Se,(C5H„0,), + 2C5H.O2CI -h 2CuCI, + 2HCI. 

J'liS”®? destructively on a portion of 

acetylacetone, giving ri.se to a further pro- 

•'"t this addition m '‘'''‘‘idaeetonc ; 

"'iththemtin nrorf ^'''^ '■''■'’“‘“'h «« tliat, togetlicr 

» small proportion o'f ''‘oetylacetoiie, there is also formed 

1 portion of dmleniiim bmeelylacclonc (VH, see below). 
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Th© investigations described below have been undertaken maicjy 
in order to obtain a more conclusive proof of the chemical consti. 
tution of selenium acetylaeetone. Corroborative evidence has 
been obtained from a study of the reactions of this selenium com. 
pound with acetylacetone and other p-diketones, hydriodic acid, 
hydrogen cyanide, and the thionaphthols. 

Chemical Constitutim of Selenium Acetylacetone. 

It has already been shown {loc. cit.) that selenium acetylacetone 
is a dimeric compound, entirely devoid of enolic 

properties. The problem of its chemical constitution would be 
solved by ascertaining from what part of the acetylacetone molecule 
the two hydrogen atoms are withdrawn in forming the C-HgO; 
radicle or rather radicles, for obviously the two groups in the fore, 
going molecular formula may be isomeric and not identical. 

Selenium OC-bisacetylaeetone and Selenium C-ethyl-OQ-bisacfilijl 
acetone.— Selenium acetylacetone and acetylacetone combine to 
form selenium OC~bisacetylacetone, 80(0511702)2 {!)» a monoenoiic 
substance yielding a copper salt, and this additive change can be 
reversed on heating or by the action of hydroxylic solvents, 
C-Ethylacetylacetone under comparable conditions unites witi 
selenium acetylacetone, forming a similar monoenolic substance, 
selenium C>e.ikyl-OC-bisacetyJace.tone (II), and this additive compound 
is also resolved by heat or hydroxylic solvents into its generators. 

The following formula) indicate the monoenolic nature of 
selenium-OC-bisacetylacctone (I) and selenium -C-ethyb OC-bisacetyl- 
acetone (II). 

ch3-C(OH):c*co-ch3 ch3-C(OH):c-co-ch3 

(I.) Se 

CHg-COiCH'CO-CHg CHg-COlCEfCO-CHs 

The reversal of the additive change leading to removal of acetyl- 
aceteme or (;-ethylacetylacetone, respectively, would leave th 
residue III, and it is evident from the dimeric condition of seleniiuB 

am CH3*C9:V*C0‘CH3 

^ ^ Se 


acetylacetone that it is formed by the fusion of two of these 
saturated residues. The following diagram (IV) represents mo 
fully the reversal of the additive change which arises 
interaction of two molecules of selenium C-ethyl-OC-bisacety ace 0 


“S®<0C,He(C,H5)0 


802(0511502)2 + 2C5H7(C2Hj)02- 
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The residual affinity of the two selenium atoms serves to hold the 
^0 molecules together in an additive complex from which two 
lolecules of (7-ethylacetylaeetone are eliminated, leaving a molecule 
I dimeric selenium acetyUtcetone (V). 


CH3‘C0‘C=:C(CH3)-0H 


(2 fflols. selenium 

C-ethyl-OC-biS' ‘ 

ace tyiaee tone.) 

CHg^CO'CEtlCO'CHg 


CHvCQ:CEt-CO*CH, 


;:Se 


(IV.) 


H0-C(CH3)~C-C0*CH3 


CH3*CO-CEt:C(OH)-CH3 


OH3-C(OH):CEt-CO-CHa 


(1 mol. selenium 
acetylacetono + 

2 mols, C'-ethyl- 
acetylaeetone, ) 


)'C 0 

I ) 

Se — Se 
6 C'CO'CHg 

\q^ 

in. 


(V.) 


Selenium Aceiylacelone and Hijdr iodic Acid. 

On treatment with hydriodic acid, selenium acetylacetone is 
converted into dmknium bisacetylacetone (VII), an enolic compound 
mentioned above as arising to a small extent in the condensation of 
)pper acetylacetone with selenium tetrachloride. This product, 
\vell-defined, crystalline, orange substance, is also obtained, partly 
ee and partly in the form of its copper derivative {VIII), from 
lenium monochloride and copper acetylacetone in molecular 
report ions, a mode of production which helps to determine it.s 
)nstitution (VII) : — 

(6) SeA 4- Cu(C 5H702)2 = CuClg + Se2(C3H-02)2, 

Diselenium bisacetylacetone is the analogue of d ithiobisa cetyl- 
tetone (Angeli and Magnani, Gazzetta, 1894, 24 , [i], 342, 445; and 
aillant, Compt. rend., 1894, 119 , 647), crystallographic examination 
f the selenium compound showing that it is isomorphous with the 
ithio-derivative. Both are enolic, as is demonstrated by the 
urination of characteristic cupric and ferric salts (compare formula 
111). The formation of diselenium bisacetylacetone (VII), which 
iay be represented aa follows, 
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CHg-CO’CHrC-CHa 

\ 


0 

o 


CH3*C0‘C:C;CH3 


Se 

li 


OH 

OH 


+ CuCl^, 


/ 

ch,-co*ch:g*ch. 


CH,*co-i:C'CH, 


affords confirmatory evidence of the structure assigned to selenium 
acctylacetone (VI), inasmuch as the latter substance yields diseicnium 
bisacetylacetone (VII)*on treatment with hydriodic acid. 

CH3 

CIIo-CO-C 0 + HI 

j I I ' 

I!e=Se 

HI + 6 C-CO'CIT, 




ch3-co-c:c(ch3)-oh 

AeEES., +1^ 

iio-c(ch3):C'CO-ch3 

/ (VIT.) 


(VI.) CH, 


ch3-co-c:g(Cii3)-o 

(VI If.) So,, \cu 

CH3'C0-c:c(Cii3)-0'^^ 

The foregoing reaction goes ({uantitatively to completion, aTid 
tlie liberated iodine can be estimated volumetrically. 


Selenium Ace t (/hr, clone and Uijdrogen Ci/anide. 

With hydrogen cyanide, Die reaction is one of addiii(ui and depoly- 
merisation. The product, cijano-^-selenium ocefylacetone (IX), 
exists in the monomeric form, the unsalurated cyanogen groups 
monopolising the residual afiinity of the selenium atoms. 

CH3 CH3 

CH,'GO'C (I + HCM CH,-CO-G OH 

CN'Se Se-CN (K.) 
HO (i-CO-CH, 

CH3 

(2 molecules) 

Selenium Acetylacefone and the Thionaphihols, 

The interactions of selenium acetylacetone and the aryl thiols 
occupy an intermediate position between the reactions with hydriodic 
and hydrocyanic acids. Thfe process lias been worked out most 


I I 
8e — 8e 

HCN + 6 ('(■CO'CH, 


I 

OH, 
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Tvith thio-a-naphthol, where the change occurs partly as a 
simpJe addition (a) accompanied by depolymerisation, giving 
gt.fia’pMhyUhioselenium acetylacetone (X), and partly in the direction 
of forming diselenium bisaccty lace tone and a a- dinaphthyl disul- 
phide (^)- 



9H3 

CIL-CO-C OH 

HO C-CO-CHa 


+ 


S-SioH,. 

«-CioH,=e 


The characteristic reactions of selenium acetylacetone (VII, IX, 
and X) are capable of wide extension, and already they have been 
utilised in the synthesis of sclenodithionic acid and its salts (T., 
1920, 117, 1461 ; 1921, 119, 1066) and in the production of aryl- 
aminoacetylacetones (T., 1921, 119, 613), 

In the foregoing proofs of the constitution of selenium acetyl- 
acetone, the two selenium atoms in dimeric selenium acetylacetone 
are represented as forming part of two five-membered cyclic systems, 
in which each selenium is attached to the median carbon atom 
of the diketone and to the enolic oxygen, this formulation explaining 
in a simple and general way the reactions of selenium acetylacetone 
with hydriodic and hydrocyanic acids, the aromatic thiols, and the 
other diketones. 

The Mowing formulations (XI and XII) have also been considered 
and rejected, on the ground that the reaction between selenium 

CH3‘CO*OCO*CH3 

(XL) Se 

Se 

CHj-CO-C-CO-CHg 


CHg-CO-C'CO-CHa 

\/ 

.CHj-CO'C-CO-CH, 
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tetrachloride and diketone goes most smoothly with the coppej 
derivative of the latter, in which there is only one mobile hydrogen 
attached to the central carbon atom. In other words, selenium 
acetylacetone is to be regarded as derived from the cnolic form of 
the diketone rather than from the diketo-modification. Moreover 
the great reactivity of selenium acetylacetone suggests that the 
selenium is partly united with oxygen so that the cyclic system 
opens readily at this point of attachment. 

There are, however, two other cyclic formulations (XIII and XIV) 
arising from enolic acetylacetone to which a reference should be 


made. 


CE3‘C=(^-C0-CH3 


(xni,) 


0 — Se 


86-9 


CHj-CO-C^rC'CHj 


I'C 0 


CHj-CO'C 


0 


V 

CH, 


(XIV.) 


The fonner of these, containing two four-memhered closed 
chains, might undergo disruption under the influence of hydriodic 
and hydrocyanic acids, the thiols, the p -diketones, and the 
bisulphites on account of the comparative instability of four- 
membered rings. 

Formula XIV is the plane symmetric form of the preferred 
structure (V), which is axially symmetric ; it cannot be regarded 
representing selenium acetylacetone, because on treatment with 
hydrocyanic acid or acetylacetone it could not yield, respectively, 
two molecular proportions of monomeric cyano- 3 -selenium acetyl- 
acetone or of selenium OC*bisacetylacetonc. The quantitative 
formation of these additive products indicates that in selenium 
acetylacetone the two selenium atoms are each situated similarly 
in the molecule. 


11. Selenium Tetrachloride and Copper 
Benzoylacetonc. 

The reaction between selenium tetrachloride and copper benzoyh 
acetone in molecular proportions takes place in two ways : 


■ 2C10H9O.GI 4 - 2CuCl2 + 2Ha 


(а) 2SeCl4 + 2Cu(CioH,02)2 = 

Se2{C]oHg02)2 - 

(б) SSeCli -f 3Cu(CjQHg02)2 = 

SejtCioHgO,,)^ + 4C,oH,0,Cl + 3CuCl, + 2HU. 

The dimeric form of selcnmn benzoylcweione (XV) is the product 
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of the simpler condensation (a); the more complex change (6) 
leads to cyclotriselenium bisbenzoylacetom (XVIII). Hydriodic 
acid converts each of these substances quantitatively into diselenium 
bisbenzoylacetone (XVI) with the liberation of iodine, and in the 
latter case one-third of the selenium is eliminated. The cnolic 
nature of the product is proved by the formation of its copper salt 
(XVII)- 

(c) Se2(CioH802)2 + 2HI = + L. 

{d) Se3(CioHg02)2 + 2HI — Se2(CioHg02)2 + Se Ig. 

The relationships of these selenium derivatives of benzoylacetone 
arc summarised in the following diagram illustrating their formation 
and quantitative conversion into diselenium bis benzoylacetone 
(XVI), and cijano-^-selenium benzoylacetone (XIX) : 


CH, 


CfiH.-CO-CH 

SeCI* 

HO 




OH 

SeCl4 

CH-CO-C,H 


CH, 


(XVI.) 


C6H-*C0'C:c(CH3, 

Se:^Se 



(XV.) 


C-CO-C«H 




HO-C(CH3):C-CO*OeIL 


9-c(CH3):c-co-CeH, 

<,;u (XVII.) 

0-C(CH3):c-C0-CgH5 


CH3 

/C\ 

CsH.-CO-CH OH 

SeCli 

SeCli SeCl, 

HO CH-CO-CsHs 

CH, 



(XV'III.) 

He — Sc 

0 c-co-aH, 


'9 




CH, 


9H3 

CsHs-CO-O 0 

6 in 

CH, 


CO-C.H, 


C,H,-CO'^ 


9H3 

A\ 


OH 
Se-CN 


(XIX.) 


CN'Se 
HO C-CO-CeH. 

CH3 

(2 molecules) 
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in. Selenium T etrachloride and Copper 
0 -Ethylacetylacetone. 

In the foregoing condensations with the copper salts of acetyl, 
cetone and benzoylacetono, nou-enolio products containing 
bivalent radicles, C5Hg02^^ and CioHgOg”, respectively, are obtained 
by the reaction with selenium tetrachloride, thus indicating thsit 
the two hydrogen atoms have been removed from the central 
enolic group, — C(OH)— CH , 

It became of interest to ascertain what chemical change would 
occur if an alkyl group was substituted for the hydrogen atom 
attached to carbon. The case of C-cthylacetylacetone was accord- 
ingly investigated, the copper derivative of the diketoiie being 
employed as in formeif condensations. Two seleniferous products 
were obtained, the reaction being represented as follows : 


(а) 2SCCI4 + 3 Cu(C,Hii02)2 = 

2Se(C7Hii02)2 + 2 C 7 HHO 2 CI -f 30uCI, 

(б) ISeCI^ -j- SCu(C7Hjj02)a — 

+ 6C7H11O2CI + SCuCL,. 

In both these reactions the copper derivative of the diketone 
furnishes only the univalent radicle, C7HJ^02^ thus showing that 
generally in the replacement of p-diketones the replacement of 
hydrogen by selenium occurs only at the central methylene coraplei 
and not at the terminal methyl groups. 


CHo^CO-CHlCaHsj'CO'CHg 

SeCl* 

CHa'CO-CHlOaHsl'CO-CHa 

I 

CH3*C0*C(C2HJ‘C0‘CH3 

8e 

CH3-C0-C(C2H5)'G0*CH3 

(XX.) 


CH3-C0-CH(C2H5)*C0‘CH3 

SeGli 

SeCh 

CH3-CO-CH(C2 Hb)*CO’CH 3 

CH3-C0-C(C2H5)'C0-CH3 


III 

80 

CH3‘C0-C(C2H5)*C0-CK3 

(XXL) 


As indicated in the foregoing diagram, when one molecular 
proportion of selenium tetrachloride is effective the colourless 
selenium bis-Q-ethylacelylacetone (XX) is obtained. When hvo 
molecular proportions of selenium tetrachloride intervene, yellow 
diselenium bis-O-ethylacetylacetone (XXI) is produced, a compound 
differing from diselenium bisacetylacetone and diselenium bis* 
benzoylacctone iii being non- enolic, but resembling these orange* 
coloured derivatives in its degree of complexity. 
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this condensation, and the reasonable conclusion may be drawn 
that any substituted glucosamine, in the form of the free base, 
^nll Te&ct in a similar manner. This expectation has been realised 
and typical salicylidene derivatives of glucosamine are now 
described. As these compounds are readily formed, crystallise 
^ith case, and possess convenient solubilities, they are likely to 
prove of service in developing the chemistry of the amino- 
sugar. 

The method of preparation consists in dissolving the glucosamine 
Fait in water, liberating tlie free base by the addition of alkali, 
and then agitating the solution with salicylaldchyde. The salicyl- 
idene derivative generally separates directly in the crystalline 
condition. The propcrtic^s of live typical examples may now be 
siiinmarised, as their study has opened out some interesting theor- 


elical considerations. 



-“Id in 
methyl 

Yield 


Colour. 

M. p. 

alcohol. 

per eent. 

A. ■2-Saiicylidene glucosamine 
2-Salicylidcne-l -methyl 

Canary -yellow 


^ li rT 

99 

glucosamino 

C, 2-!3alicyIidene-3 : 5 : 

Deep }t11ow 

120 

-^2 ’2 

2fi 

.icctyl- 1-niethyl glucosamine 
D. 2 Salicylidene -3 : 5 : 6-tri- 

Pale yellow 

m 

-f 

80 

acetyl-l -ethyl glucosamine 

E. l-Hromo-2-salicylidene- 

Pale yellow 

ur> 

+ 40-7 

88 

3 : 0 : 0 triacctyl glucosamine 

Canary yellow 

118 

-241-9 

65—70 


It is significant that with one exception the formation of these 
salicylidene comjmunds proceeded vith unusual smoothness. The 
exception is |)resented by methylgiucosamine, which reacted with 
salicylaldchyde only with difficulty, giving a 20 per cent, yield 
of the product. This comparative failure to participate in the 
general reaction cannot be duo to the presence of the methyl group 
in view of the results obtained with the acetylated glucosides, nor 
ean it be attributable to the absence of acetyl groups, as free 
glucosamine reacted with extreme case. The abnormal behaviour 
of methylgiucosamine is'thu,s in agreement with the cyclic formula 
previously suggested for this compound. 

] 0 - , 

OH-CH2*CH(OII)‘CH*OH(OH)-CH-CH 

n-6 

H h\ h3 

Now, the composition of triacctyl bromoglucosamine, which is 
the starting point in synthetical work in this series, does not 
admit of a formula of the above tvpe and the compound must 
VOL. CXXI. 4 jyi 
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therefore poseoss the normal structure characteristic of reducing 

sugars : — 0 

AcO-CH2-CH(OAc)-C!H-CH{OAc)-CH(NH2)-CHBr. 

It follows that the corresponding salicylidene derivative in which 
the reactive bromine atom is retained must also be an open chain 
structure : 

0 ( 

AcO‘CH2*CH(OAc)-CH-aH(OAc)-CH-*OHBr 

When this compound reacts with methyl alcohol to give a 
“ mcthyigiucoside ” there seems no reason why profound structural 
alteration should accompany tlic change, and the compound 
formed may be termed 2-salicylidene-3 : 5 : 6- triacetyl- 1 -methyl 
glucosamine, 

AcO«CH/CH(OAc)-CH-CH(OAc)-CH-(!jH-OMe 

KICH-CgH^'OH ‘ 

The reactions sketched above have been carried out, and the 
final product proved to be identical with that obtained when 
salicylaldehydc was condensed with triacetyl methylglucosaniiue. 
In other words, no isomerism is involved if the order of ihtro- 
ducing the methyl group and the salicylidene residue is varied. 
The argument leads to the conclusion that triacetyl methyl- 
glucosamine is not constituted on the betaine model, but that a 
change to this type occurs when the acetyl groups are eliminated. 
It is, of course, possible that triacetyl methylglucosamine may 
exist in both forms, and in the experimental part a laevorotatorv 
isomeride of this compound is described. This new variety is being 
further investigated, but the combined results submitted evidently 
afford strong support to the view formerly expressed that in 
methylglucosamine the alkyl group is directly attached to the 
nitrogen atom. 

Experimental. 

Sa I iqjl i de ne Glucosa mine. 

Ten grams of glucosamine hydrochloride {L mol.) and C'3 grams 
of sodium bicarbonate (U mols.) were dissolved in 100 c.c. of 
water, and 6 ‘3 c.c. of salicylaldehydc (1 mol.) added. The mixture 
was stirred vigorously at the temperature of the room, and in 
thirty minutes the separation of crystals commenced. Stirring 
was continued for three and a half hours, when tlic product wa.s 
filtered, washed with cold water, and dried in a vacuum. The 
yield was 13 grams (90 per. cent,). After recrystaliisation from 
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methyl alcohol, the compound melted sharply at 183*5® (Found : 
(j = 54*92 ; H — 6*18. CigH^^OgN requires C = 55*09 ; H = 6*05 
per cent.). 

Salicylidene glucosamine crystallises in bright yellow needles, 
msoluble in chloroform, but readily dissolved by hot methyl or 
ethyl alcohol. The compound was easily hydrolysed by dilute 
acids, giving salicylaldehyde and the coiTCsponding salt of 

glucosamine. 

2~Sfilicylidene-l -methyl Glucosatnine (Salicylidene Methyl- 
glucosamine). 

7-5 Grams of rccrystallised mcthylglucosamine hydrochloride 
^vere dissolved in 100 c.(;. of water containing 3*75 grams of 
sodium bicarbonate and 3*2 c.c. of salicylaldehyde. The liquid, 
which was stirred for two hours, soon acquired a yellow colour 
and deposited a clear syrup, which adhered to the sides of the 
vessel. Excess of chloroform was then added and the mixture 
was shaken repeatedly with this solvent, and after drying the 
extract over magnesium sulphate, it ^vas evaporated to a small 
bulk. On the addition of light ]x;troleum, the product separated 
in a semi-crystalline condition. Purification was effected by again 
dissolving in chloroform and precipitating in the manner described 
above, salicylidene methylglucosamine being thus obtained in 
bright yellow needles melting at 120°. The yield from the experi- 
ment just described w'as 1*7 grams (26 per cent.), and this was not 
improved in subsequent preparations [Found : 0 ^ 56*33 ; H == 
6*41; OMe = 9*63. Gi 3 HjgO.X(OMe) requires 0 = 56*56; H = 
6*39; OMe = 10*47 per cent.]. Salicylidene methylglucosamine is 
readily hydrolysed by acids to regenerate methylglucosamine. On 
the other hand, the action of nitrous acid involves the removal of 
the salicylidene residue followed by the elimination of the amino- 
and glucosidic groups. 

^‘Salicylidene-^ : o : ^-triacetyl-l -methyl Glucosamine (Salicylidene 
Triacetyl Jlethylglucosamiiie). 

Two distinct methods were employed in the preparation of this 
compound and their significance is referred to in the introduction. 

Method 7. A solution of 5*3 grams of l-bromo-2-salicylidene- 
3 : 5 : 6-triacetyl glucosamine in 30 c.c. of methyl alcohol was 
mixed with 3*2 grams of morphine, dissolved in 60 c.c. of the same 
solvent. When the mixture was kept at the temperature of the 
worn for seven days, morphine hydrobromide gradually separated. 
The filtrate, on evaporation under diminished pressure, gave a solid 
residue, which was recrj’stallised from' alcohol. Yield 50 per cent. 

4m 2 
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Method // — 8*2 Grams of recrystaliised triacetyl bromoghcoa. 
amine hydix) bromide were dissolved in 100 c.c. of methyl alcohol 
containing 1*65 c.c. of pjTidine. The solution was set aside foi 
twenty houra, filtered, and concentrated to a small bulk at 25“/9o 
mm. Thereafter a solution of 3*5 grama of sodium bicarbonate 
in 40 cx. of water was added together with 1*95 cx. of salicyl. 
aldehj^de. Vigorous stirring occasioned the separation of the 
crystalline product, which, after thirty minutes, was filtered and 
w'ashed with cold water. One recrystallisation from alcohol gave 
a pure product melting at 151 — 152°. Yield 80 per cent. (Found: 
0-5G’93; H-6-25; OMe = 8*2. requires C = 

56-71 ; H 5-95 ; OMe = 7-3 per cent.). The salicylidene deriv- 
ative crystallises in pale yellowy prismatic needles readily soluble 
in hot alcohol; [alp in methyl alcohol -f" 75*7° for c — 1. The 
three acet3d groups in the compound are remarkably stable, but 
were quantitatively removed by distillation with 15 per cent, 
sulphuric acid. After four hours’ treatment with absolute alcohol 
saturated with ammonia at 0°, no acetamide w-as formed, and 
70 per cent, of the original material was recovered unaltered 
(Fischer, Ber., 1914, 47, 218). 

Action of Xitroiis Actd.— When salicylidene triacotyl methyl- 
glucosamine was susi)euded in water and an aqueous solution of 
nitrous acid (prepared from silver nitrite) gradually added with 
vigorous stirring, no visible reaction ensued until the temperature 
was raised to 50°. The solid then passed into solution with copious 
evolution of nitrogen and liberation of salicylaldehyde. On neutral- 
ising the solution with barium carbonate, a quant ity of salicylidene 
triacctyl mcthylglucosainine was regenerated and w^as precipitated 
in the crystalline state. The filtrate was evaporated to dryness 
under diminished pressure and extracted wdth boiling alcohol. 
This extract contained a glucosidic .syrup, which was deacetylated 
by boiling w ith acidified methyl alcohol. After neutralisation with 
silver carbonate and removal of the solvent, a non-crystalline 
syrup remained which behaved as a glucoside towards Fehlings 
solution, but could not be identified either as methylglucoside or 
methylmannosidc. 

l.Salkylidtm-'^ : 5 : UriMdyl-Uthjl Glucosamine (Salicylidene 
Triacctyl Ethylglucosamine). 

Starting from triacctyl ethylglucosamine, the usual method of 
preparation was employed and gave an 88 per cent, yield of the 
above product [Found : C ^ 57'5l ; H - 0-39; OEt = lO'H. 
C2oH240gN(OEt) requires C — 57*63; H ^ 6*18; OEt = 10*29 per 
cent.J. In every respect the compound resembled the corre- 
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sponding methyl derivative, m. p. 131^ [a]^ in methyl alcohol 
^40'7° forc = 1. 

^•^iQ^Triacetyl-l-meikyl Glucosamitie (Triacetyl Methylglucos- 
amine). 

For reasons given in the introduction, the preparation of this 
compotmd from triacetyl bromoglucosaminc was repeated. 

(a) Using pyridine : The jnethod adopted was identical with 
that described by Irvine, McNicoll, and Hynd {he. cit.], and the 
properties previously assigned to the product were confirmed. 
The specific rotation in methyl alcohol was, however, slightly 
jiigher (-h 23*3° in place of + 20^). 

[b] Usiny morphine : This preparatioD was conducted according 
to the variation recommended by Irvine and Hyml (T., 1912, 101, 
n;t7) and the crude product was crystallised repeatedly by solution 
in methyl alcohol and the addition of ether. Tiio finely divided 
solid was then extracted with methyl alcohol hi the cold, the 
filtrate being concentrated and precipitated with ether. Repetition 
of these processes gave a small, crystalline crop w hich decomposed at 
201—202'' and showed [a]^ in methyl alcohol - 14-6" for c TSOoG 
[Found : C - 39‘00 ; H - d-79 ; OMe -- 8-0. Ci,HigO.X(OMe),HBr 
requires C ~ 38*99; H — 5 o5; OMe = 7'75 per cent.]. Xo 
morphine aminoglucoside Avas present, and the compound is thus 
a new stereoisomcTic form of triacetyl methylglucosamine hydro- 
bromide. 

Chemical Research Laboratory, 

United College of St. Sai.\ atok and St. Leonard, 

Univeb-sitv of St. Andrews. [Recehed, September l9/.y 1922.] 


CCLXXXVII . — The Mobility of Symmetrical Triad 
Systems, Part L The Conditions Behlimj to 
Systems Terminated by Phenyl Groups, 

By Christopher 1C ELK Ixgold and Henry Alfred Piggott. 

It is the purpose of this series of papers to examine comparatively 
the mobility of symmetrical tautomeric systems of tlie general 
formula [H]X*Y’X. Six systems fall Avithin the purview of this 
subject : 

Group (i) carboxyl group, [H l()-(':0 

i(ii) the acmitro-group, [H]0*N!0 
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(iii) the diazoamiiio-system, •[H]N*N!N* 

« /-'v (iv) the amidine system, '[HIN'CIN* 

Group (ii) r ^ . rTT I 1 

(v) the methylenemethylamine system, •[H]0‘N!C. 

^(vi) the three-carbon (propene) system, •[H]C*(i;t 

With regard to the first two (group i), the circumstantial evidence 
as to the equivalent functions of the two oxygen atoms is of tJie 
strongest character, but only the last four systems (group ii) 
capable of being investigated as regards their mobility by the 
methods illustrated in this paper. It is proposed to investigate 
the behaviour of these four systems when attached to different 
types of terminal group, the present paper being primarily concerned 
with tlie terminal phenyl group, and hence with the comparison 
of the following four substances : 

(I.) NHPh‘N:NPh CHgPh’NICHPh (in.} 

(II.) NHPh*CH:NPh CH2Ph-CH:CHPh (ly.) 

Some of tlie data necessary for this comparison are already on 
record and the remainder is given in the experimental portion o! 
this paper. 

The proof of the mobility of the three -nitrogen system present 
in diazoaminobeu/.ene (I) rests on two types of evidence, both of 
which find their parallel in the experiments described hereunder ; 

(.1) Proof that only a single substitution product exists where 
two substances having formiilsc (V) and (VI) might be expected 
(Griess, Annalen, 1866, 137, 60; Ber„ 1874, 7, 1619; and others). 

(£) Proof that the single individual aden’ed to under (J), on 
fission at the double bond (as hy reduction or hydrolysis), gives 
four products, two dcri\ed from the tw’o fragments of each of the 
hypothetical substances (V) and (VI) (Noelting and Binder, B(r., 
1887,20,3005; and others). 

(Y.) X-CeHYNH-NhX-CcH^ (VI.} 

The same two types of evideiicp have been advanced in relation 
to diphenylformamidine (11) and its derivatives (Marckwald, 
Annakii, 1895, 286, 348; von Pcchmann, Uer., 1897, 30, 1783, 
and earlier; Wbeelcr and Johnson, Ber., 1899, 32, 35, and earlier), 

In view of these facts, it was at first a matter for surprise to us 
on turning to the third of the fo\ir systems under comparison that 
both the above mobility tests (.4 and B) failed wlien applied to 
derivatives of benzyl idenebenzylamine (HI). Pairs of isomeric 
monosubstitution products of the general types (VII) and (U1 ), 
as well as similar disubstitution products, not only were difftren 

(VII.) X-CjH,-CHj'N:CH'C,H 5 CjHs-CHj-NiCH-CsHjX (VIU.) 
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from one another, but also, apparently, were quite incapable of 
interconveraion. Each individual, moreover, on fission, by acid 
hydrolysis, at the double bond gave two and not four resultants, 
the two being the aldehyde and amine by the interaction of which 
the substance in question was originally prepared {examples, 
pp. 2385, 2386). 

The three-carbon system present in ay-diphenylpropene (IV) has 
a special interest in view of the close analogy between this substance 
and glutaconic acid, the three-carbon system of which is known to 
possess a high degree of mobility. The application to glutaconic 
acid of method (A) (above) was accomplished by Thole and Thorpe 
{T., 191 1» 99, 2193), who proved that a- and y-alkyl derivatives, 
;^^hich, from the manner of their synthesis, would be expected to 
have formulae such as (IX) and (X), were actually identical; on 
(IX.) COaH'CHR'CHICH'COaH COgH'CHa-CHICR’CO^H (X.) 

the other hand, evidence of type {B) is to he found in the recent 
experiments of Feist, who, in several instances, obtained four 
products on fission by oxidation with ozone, two corresponding 
with each of the two static formula} of the substance {Annalen, 
1922, 428, 51, 71). Tlic glutaconic acids, therefore, respond to 
both mobility tests, and it was fully expected that the ay-diphenyl- 
propenes, in view of their close relationship with the glutaconic 
acids, would behave in an analogous manner. It was found, 
however, that the two phenyl groups iu diphcnylpropcne are not 
equivalent, and that corresponding substitution products of types 
(XI) and (XII) show no tendency to umlergo conversion one into 
the other (test yl); each individual, moreover, on oxidation by 
(XI.) X^CgH^-CH.’CHiCH-CgHs r.H.-CHyCHiCH-CeH^X (Xll.) 

permanganate (test B) gives, not four, but two fission products 
corresponding with the particular static formula assigned to the 
substance (examples, pp. 2380, 2380). 

From the above summary it will be evident that the molecular 
machinery necessary to produce a condition of tautomerism cannot 
consist solely of the formal tautomeric system and a potentially 
mobile hydrogen atom in the correct position. Some activating 
factor or condition must also be present, for only on this supposition 
can we account for the contrasts to which attention has been 
directed. As to the nature of this factor, a certain amount of 
guidance can be obtained from a consideration of tautomerism in 
relation to certain other propcrtie.s of the systems under review. 
It seems reasonable, a priori, to assume as a condition of first 
importance in the determination of mobility that the a- hydrogen 
atom should be capable of l>eing easily detaclied from tire tautomeric 
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system. In the carboxyl and acinitro-groups (systems i and jj) 
the mobility of which is probably much greater than in any other 
case, we have clear evidence of the easy detachment of the mohil^ 
hydrogen atom in the facility with which it can be replaced by an 
alkyl group (esterification). The mobile hydrogen atom in diazo- 
aminobenzene can also be replaced by an alkyl group, but it ig 
necessary in this case to use alcoholic sodium eth oxide and an 
alkyl iodide, just as in the alkylation of unsymmetrical systems 
such as that present in ethyl acetoacetate. The same is true of 
amidines and glutaconic esters. It will be observed that in all 
these cases the systems capable of alkylation are mobile systenis 
On the other hand, ay-diphenylpropene (although formally so similar 
to glutaconic acid) and benzylidencbenzylaTnine cannot be alkylated 
by the ordinary methods; both these types are non-lantomerie. 
Evidently, the concurrence is far-reaching, but to what c^tent it 
will hold in border-line cases such as t hat of indene, Avhich k alkyl- 
ated with difliculty, it remains for future experinients to show. 
Indene, and the analogues of indene and of glutaconic acid con- 
taining the system ‘CIIg'NICH' in place of 'CHg'CHXTI*, arc cases 
the examination of which i.s in progress. 

From the above parallelism it is possible to draw two conclusions 
relating to the conditions necessary for the activation of a potentially 
tautomeric system : (a) that the activating condition is dependent 
primarily on tlie a- atom of the system, and is as.soeiated with tlie 
easy detachment of hydrogen from this position; (b) that tke 
activating condition is one of the well- recognised group of related 
characteristics generally supposed to be associated with negative 
electrical polarity. Hence it is that the greatest ivvobility is 
observed when the a-atom is oxygen (.systems i and ii), inter- 
mediate mobility when it is nitrogen (systems iii and iv), and least 
mobility when it is carbon (systems v and vi) ; hence, also, the fact 
that in the Ia.st case mobility is only observed when a definite 
negative polarity is induced ” by strongly polar attached groups, 
as in the glutaconic acids. It must be admitted that questions of 
polarity arc but little understood at present, and that much more 
information is required before the somewhat approximate general- 
isations given above can be replaced by a precise statement of the 
conditions for tautomerism, the complete elucidation of which forms 
the object of researches now in progress. 

Experimental. 

{A)~ Preparation of m- a?id p^Xifrobenzi/larnine. 

These ba.ses were prepared by GahneFs method. Hafner (Ber., 
1890, 23, 338) has prepared p-nitrobenzyl amine in this way, 



,jhb mobility of symmetrical triad systems, part I. 2385 

gires no details. In preparing large quantities, it was found 
convenient to hydrolyse the phthalimidcs by sulphuric acid, in 
place of hydrochloric acid at 200'^, the reagent employed by 
Gabriel. 

The phthalimidcs were prepared by heating the appropriate 
nitrobenzyl chlorides with jiotassium phthalimide for half an hour 
by means of an oil -bath, the temperature of which was gradually 
raised during this period from to 115°. It is essential to 
adhere to these conditions, as otherwise, either condensation may 
take place, or the whole mass may suddenly carbonise with 
large evolution of gas. In any case, it is advisable to keep the 
mixture under close observation and add water at the first signs 
of self-heating. The product w as isolated in the manner described 
by Gabriel {Ber., 1887, 20, 2227) for the ortho-compound. 

The crude w^ashed phthalimide, dissolved in the minimal quantity 
of cold concentrated sulphuric acid, was treated with water until 
the precipitate first formed just failed to rcdissolve. The solution 
was heated until a test portion gave no precipitate on cooling 
and diluting with water, then diluted, rendiTPil strongly alkaline 
with sodium hydroxide, and extracted with ether. The base was 
extracted from the ether by dilute hydrochloric acid, from xvhich 
it was recovered in the form of its hydrochloride by evaporation. 

(Pj — Preparation of Isomeric m-yitro-, p-Xifro-, and mp-Dinitro- 
de rival i ves of Be n zyJi dc neben zyki 7n i n c . 

General Method of Preparation . — Equivalent quantities of the 
appropriate aldehyde and amine xvere mixed in ethereal solution 
at the ordinary temperature. Tlic ether was allowed to evaporate 
and the product crystallised. 

General Properties,- The following six substances arc stable 
towards water and dilute alkalis, but are hydrolysed by mineral 
acids into the aldehyde and amine from which they were formed. 

Benziilidene-p-nitrohcnzijlamine^ C(.H 5 *CIEN'CHyCgH,*X 02 , cry^s- 
tailises from alcoliol in dense prisms, in. p. 71° (Found : C — 70*0; 
H = 54. Cj^H^ 202N2 ft'quires C ^ 70 0 ; H = 5-0 per cent.). 

]}'yitrobe.nzylidenehenzyla m i n c, crys- 

tallises from alcohol or ligroin in lamina?, m. p. 56° (Found : C = 
70-3; H ~ 54 per cent.). 

iJe?? : e ?? c • m - If r « ‘///n nn’ j ? r , C r, • C H ! X ’ ( ' H gH ^ ‘X O 2 , sc par. 
ates from alcohol in short, dense prisms, m. p. 42° (Found : 0 = 
69-8; H ^ 0’2 per cent.). 

m-Xitrobenzylidcncbenzylaminc, Cgllj'CTIo’XXlFCgH^'XO.^, separ- 
ates from alcohol in long, thin lamiiue, m. p. 02° (Found : C — 704 ; 
H - 5-3 per cent.). 
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'p’Nitrobenzylidene’m-nitrobenzylamine, 

ip) K02‘C6H4-C :HN*CH2*CgH4'N02 (m), 
crystallises from ethyl acetate in colourless needles, ra. p. 1150 
(Found : N ^ 14’7. requires N = 14-7 per cent). 

This m. p. is the same as that of the next compound, but a mixture 
of the two melted below 100°. 
m-NitrobenzijUdene‘p-nitrobenzijh7mne, 

ip) NOa'CeH^-CHg-NICH-CeH^-NOg (w), 
crystallises from ethyl acetate in needles, m. p. 115° (Found: 
N — 14-8 per cent.). 

(C) — Coiide'tisaiion of ^-Pheni/lpropionic Acid 7vith Anisaldchyde ; 
Formation of p-M ethoxy -a-benzylcinnamic Acid and a.- Phenyl 
y^p-methoxypkenyl-^,^‘propene. 

Sodium p-phenylpropionate (150 grams ~ 1 mol.), anisaldehyde 
(105 grams ~ 1 mo).), and acetic anhydride (105 grams =1-2 mols.) 
were heated together for nine hours at 1 52°. The product was poured 
into an excess of sodium carbonate solution, distilled in a current of 
steam to remove the excess of anisaldehyde, and extracted with ether, 
ct-Pkenyl-y-p-nieiJioxyphen?jl-Ar-prope)ie, 

OMe*C6H4-CH:CH-CH,-CJl5. 

—The viscous, yellow oil which remained when the ether was 
dried and evaporated consisted largely of the methoxy-hydro- 
carbon, but it also contained a little anisaldehyde and some material 
which decomposed on distillation. After tw’o distillations the 
methoxy- hydrocarbon was obtained as a colourless oil which 
boiled constantly at 227°/30 mm, (Found: C — 85*4; H = 7*3. 
C^gHjgO requires C = 85*7; H ~ 7*2 per cent.). The substance 
was characterised by means of its dibronio-additive product. 
Ry-Dibromo-'x- pken yt - 7 - p - //? dhoxuphe n ulpro pave. 

CH,Ph.CHBr-ckBr.c{H^Me. 

• — Two grams of the niethoxy-hydnx^arbon, dissolved in 2 c.c. of 
chloroform and cooled to 0°, decolorised 5*8 c.c, of a solution of 
bromine in chloroform containing 0*253 gram per c.c. (theoretical 
for 2Br — 5*67 c.c.). No perceptible amount of hydrogen bromide 
was evolved. The bromo- com pound, which crystallised from Die 
chloroform (a second crop w&a obtained after concentration], 
melted at 115°, and rccrystallisation from light petroleum did not 
alter this melting point (Found : Br — 41*8. C,gH,gOBr2 requires 
Br ^ 41 *6 per cent.). The compound forms stout prisms terminated 
by pyramids ; it is easily soluble in the usual organic solvents. 
p« i/ ethoxy- x-henzylcin n amic A cid, 

0Me*CgH4*CH:C(C02H)*CH2-C6H5. 

—The alkaline solution from which the methoxy- hydrocar bon was 
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extracted was heated to the boiling point, treated with excess of 
hydrochloric acid, and the precipitated acids collected while hot. 
Most of the p-phenylpropionic acid passed through the filter as an 
oil, and the remainder was removed after cooling by washing with 
a little cold alcohol. The residue, which consisted of a mixture 
of p-methoxycinnamic acid and p-raethoxy-a-benzylcinnamic acid, 
heated on the steam -bath for ten minutes with 100 c.c. of 
SA^-aqueous sodium carbonate. p-Methoxy-a-bonzylcinnamic acid 
is only slowly soluble in dilute sodium carbonate, which, under 
the conditions described, dissolved all the p-methoxycinnamic 
acid but only part of the p-raethoxy-a-benzylcinnaraic acid; the 
undissolved portion w^as collected and rccrystallised from ethyl 
alcohol (12 grams). acids dissolved by the sodium carbonate 

^vere fractionally precipitated by the addition of successive portions 
of 10 c.c. of 2^V-hydrochloric acid. The first two precipitations 
yielded p-methoxy-a-benzylcinnamic acid sufficiently free from 
^-methoxycinnamic acid to be capable of complete purification 
by crystallisation from alcohol (9*7 grams). The third and fourth 
precipitations gave mixtures which, when combined and subjected 
to a second series of fractional precipitations, gave 2*0 grams of 
p-inethoxy-a-benzylcinnaraic acid. The residual alkaline solutions 
were treated with excess of hydrochloric acid, and the recovered 
p-rnetlioxycinnamic acid was crystallised from alcohol. In all, 23-7 
grams of pure p-methoxy-x-benzylcinnamic acid u'ere obtained 
along wth 14-5 grams of pure p-methoxycinnamic acid. 

p-Methoxy-a-bcnzylcinnamic acid crystallises from alcohol in 
colourle.ss, flattened needles, m. p. 170°. Tt is readily soluble in 
aqueous sodium hydroxide, but dissolves only slowly in hot sodium 
carbonate solution and is evidently an unusually weak acid. It 
instantly decolorises cold alkaline permanganate, giving anisic acid, 
phenylacetic acid, and benzoic acid (Found : C = 7.J-9; H = 6 - 1 . 
CifHieOs requires C = 76-1 ; H ^ (rl per cent.). 

The anilide was obtained by adding a small excess of aniline 
to the chloride of p-mcthoxy-a-l>onzylcinnamic acid, which was 
prepared by digesting the acid with thionyl chloride. It crystal- 
lised from alcohol in long, 'silky needles, m. p. loO^ (Found : C ^ 80-2 ; 
H = 6-4. C 23 H 21 O 2 N requires C = 804; H — G-l per cent.). 

Condensation of yi-Meihoxy-^- phenyl propionic Acid icifk Benz- 
aldehyde; Formation of ai-p-Methoxybenzylcinnamic Acid and 
y-Phe nyU<x-p-m ethoxy pken yl-^^^propene. 

P*Methoxy.[J.phenylpro})ionic acid was prepared by Perkin's 
method from anisaldchyde (T., 1877, 31, 408, 411). 

Sodium p-methoxy-^-phenylpropionutc (110 grams), benzaldehyde 

4m* 2 
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(70 grams), and acetic anhydride (70 grams) were heated togethef 
for nine and a half houra at 150°, and then poured into an excess 
of aqueous sodium carbonate and distilled in a current of steaai 
to remove the excess of benzaldehyde. 
y-Phenyl-oL-])-7neihoxyphenyl-A^'proj)e7ief 

C6H5*CH:CH*CH2-C6H4*OMe. 

— This was isolated by extracting the alkaline liquid witli other 
and purified by fractional distillation. The more volatile fractions 
contained benzaldehyde, but after two distillations the methoxy. 
hydrocarbon was obtained as a colourless, and nearly odourless 
oil, b. p. 220°/25 mm. (Found ; C ^ 84-7 ; H = 7-2. 
requires C 85*7 ; H = 7-2 per cent.). It was characterised by 
means of its dibromo-additive product. 

^y-Dibromo-y-phcnyl-oi-ip-m€.thoxypheriylpropane, 

OMe-C6H4-CH2-CH2Br‘CHBrPh. 

—This substance was prepared by the action of two atoms of 
bromine on the above methoxy-hydrocarbon in chloroform solution 
at 0°, the experiment being conducted just as in the case of the 
isomeric bro mo -com pound (p. 2386). The new compound separated 
from ligroin in colourless prisms, m. p. 76° (Found ; Br - 41-8, 
CjgH^^OBrg requires Br =:= 41*6 per cent.), 
a -p - Methoxybe n zylci n n amic A c id, 

C6H5-CH:C(C()2H)-CH2-C6H4»OMe. 

—The alkaline liquid from which the above methoxy-hydrocarbon 
had been extracted was heated to boiling and acidified with hydro- 
chloric acid, which precipitated an oil consisting of a mixture of 
cinnamic acid, p-methoxy-p -phenyl propionic acid, and oc-p-methoxv- 
benzylcinnamic acid. The last is much less soluble in boiling water 
than cither of the others. The oil was separated from the aqueous 
layer, boiled with two litres of water, and the undissolved portion, 
which had solidified, was collected and crystallised twice from 
alcohol, from which 16 grams of pure a-p-methoxybenzylcinnamic 
acid separated in colourless, glistening needles, m, p. 165° (Found: 
C = 76-3 ; H - 6*4. requires C - 76*1 ; H - 6-1 per 

cent.). The aqueous liquids deposited a mixture of cinnamic acid 
and p-methoxy-^-phenylpropionic acid on cooling. 

a-p-Methoxybenzylcinnamic acid instantly decolorises cold alka- 
line permanganate, forming p-mcthoxyphenylacetic acid, anisic 
acid, and benzoic acid. Like its isomeride (p. 2386), it is a very 
weak acid : it is insoluble in cold sodium carbonate solution, 
although it dissolves .slowly on boiling ; it is easily .soluble in sodiiiin 
hydroxide. 

The anilide y obtained by adding a small excess of aniline to the 
acid chloride, which was prepared by digesting the acid with thioml 
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chloride, crystallised from alcohol in short, thick prisms or, occa- 
^ionally, in needles, m. p. 140—141=’ (Found : C = 80-4; H -- 6«6. 
^ 23 ^ 21 ^ 2 ^ requires C = 80*4 ; H = C-l per cent.). 

We desire to thank the Royal Society for defraying a large 
part of the cost of this work. 

COLL?:OE OF SCIEXCE AND TECHNOLOGY, 

South Kensington. [Received, July Hth, 1922 .] 


CCLXXXVIIT . — Dyts Derived from Saccharin.'' 
The Sulfhamfhthaleins. 

By SiKHIBHUSHAN DUTT. 

A NUMBER of sulphonephthalein.s have already been prepared by 
the aid of o-sulphobcnzoic acid {Hem.sen, J. Amer. Chem. Hoc,, 
lS8o, 7, 180; compare also ibid., 1887, 9, 372; Black.shear, ibid,, 
1892, 14, 455; Remsen and MacKee, ibid,, 1896, 18, 794; Lubs 
and Clark, J. Washmgto7i Acad. Hci., 1915, 5, 609). 

The difficulty of getting pure o-sulphobenzoic acid in good yield 
led the author to investigate the action of saccharin on amines 
and phenols. In this way, condensation products have bctm ob- 
tained which are characterised by their colour and lluorcscence and 
closely resemble the coi'res])onding ])hthaleins in constitution and 
behaviour. They differ from the corresponding .sulphonephthaleins 
in having the bivalent iinido-group in place of the lactone oxygen 
atom. Accordingly, tht^y have been named sulpha7n2)hihalcins. 

The trirnethyl derivative of plienolsu]])hamp]ithalein is obtained 
by the action of methyl sulphate on the trisodium salt, but only the 
diacetyl and the dibenzoyl derivatives are obtained by similar 
treatment with acetyl chloride and lienzoyl chloride, respect ive] 3 \ 
The diacetyl derivative is more conveniently obtained by the action 
of acetic anhydride and pyridine on phcnolsulpharnphthalein itself. 

The following amino- and hydroxy-comjx)unds have been con- 
densed with “saccharin ’ : phenol, rc.sorcinol, orcinol, phloroglu- 
cinol, hydroxyquinol, catechol, 1:2:4: 5-telra hydroxy benzene, 
m-phenylenediamine, ?/i-aminophenol, ni-dimothylaminuphenol, and 
“1 : 6-diaminoresoreinoi. The colour and dyeing properties of the 
products closely rc'semble those of the corresponding phthaleiiis, 
but the fluorescence is somewhat stronger. They all decompose 
on heating. 

The saccharin employed in the above-mentioned condensa- 
tions w'as obtained by extracting the commercial material with 
^dium hydrogen carbonate, treating tlie solution witli hydro- 



2390 DTITT : DYES DERIVED FROM " SACCHARIN.” 

chloric acid, and fractionally crystallising the precipitate from ethej, 
the portion melting at 218-220° being utilised. 

Experimental. 

Phenolsiilph^mpMuikin, .—Eight grams 

c«h/)nh 

of saccharin,” 15 grams of phenol, and 5 c.c. of concea. 
trated sulphuric acid were heated together at 100 110° for ten 

houi’s. The excess of phenol was distilled off in steam, and the 
brownish -red residue purified by dissolving it in ammonia and 
treating the filtered solution with dilute hydrochloric acid. The 
precipitate crj^stallised from hot water in yellow prisms, which 
became red on rubbing. The yield was 15 per cent, of the 
theoretical. With zinc chloride at 160° as the condensing agent, 
the yield is only 6 per cent. 

Like phcnolphthalein, phenolsulphamphthalein dissolve.s in 
alkali with a pink colour. It dissolves in water, acetic acid, or 
alcohol with a yellow colour, but is insoluble in ether. It has been 
obtained in two chromoisomeric forms, yellow and red, the former 
being the more unstable (Found : S = 9T ; N — 4T. 
requii'es S = 9T ; N — 3’9 per cent.). 

The trisodium salt, prepared by neutralising an aqueous solution 
of the sulphamphthalein with N/2-sodium hydroxide (3 equivalents 
were required) and evaporating the solution to dryness, is a dark 
red, crystalline substance, which dissolves in water with a briUiant 
pink colour and is extremely hygroscopic. 

The trimeth/l derivative was prepared by the action of methyl 
sulphate on the trisodium salt. It crystallises from dilute acetic 
acid in colourless needles melting at 142° (Found : C - 67’5; 
H 5-6. C.22H21O4N8 requires C - 67-8 ; H = 5-3 per cent.). 

A dibenzoyl derivative was prepared by the action of benzoyl 
chloride on the sodium salt. It crystallises from hot water in 
colourless, silky needles melting at 127 (lound. C — 705, 
H = 4-2. C33H.240gN8 requires C — 70*7; H — 4'3 per cent). 

The diaceiyl derivative, prepared by means of acetic anhydride 
and pyridine, crystallises from dilute alcohol in colourless needles, 
m. p. 112° (Found : 0 = 62‘8; H = 4'4. C23Hj90gNS requires 
C = 6315 ; H = 4-3 per cent.). 

Eesarcinolsulphamphthak in, ^"^0 gHaloH)"^ ^ 

Eight grams of saccharin,” 11 grams of resorcinol, and 10 
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fused zinc chloride were heated at 180 — 190° for two hours, when 
the melt became almost solid. The cooled product was finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, filtered, washed with water, and extracted with ether to 
remove unchanged “ saccharin.” The product was converted, by 
the action of lead acetate on the sodium salt, into the lead lake, 
which was dried, suspended in absolute alcohol, and decomposed 
hy hydrogen sulphide. The alcoholic solution was filtered, con- 
centrated to a small volume, and the dye precipitated with ether, 
being obtained in microscopic, brownish -yellow needles. 

Jlesorcinols'ulphamphfhalein is very soluble in alcohol or acetic 
acid, moderately soluble in water, and insoluble in ether or light 
j)etroleum. It dissolves in alkali with an orange colour, and the 
solution on dilution shows a very intense yclloAvish- green fluores- 
cence. The sodium salt dyes light yellow shades on wool (Found : 
S — 8'4. Ci<jHi 305 NS requires S ^ 8'7 per cent.). 

' OrcimlmlphamphtMein, 

j^ight grams of “ saccharin,” 13 grams of orcinol, and 11 grams of 
fused zinc chloride were heated at 180° for about three hours, and 
the product was isolated as described above. It crystallises from 
dilute alcohol in brownish -yellow^ needles and dissolves in alkali 
with a blood-red colour, the solution, on dilution, showing a brilliant 
green fluorescence. The sodium salt dyes pink shades on wool 
(Found : S = 7'9. C 21 H 17 O-NS requires S ^ 8 T per cent.), 

Phhrogluci)wlsulphamphfhal€ in, -~~Frep3.vc.d from 3'6 grams of 
“ saccharin,” 5 grams of phloroglucinol, and 4 grams of fused zinc 
chloride at 180 — 190° in about twenty minutes, and isolated in the 
manner already described, this compound crystallised from hot 
water in long, browunsh -yellow^ needles. It dissolves in alkali with 
an orange-red colour, but the solution is not fluorescent. The 
sodium salt dyes line orange shades on wool (Found : S — S'3. 
C 19 H 13 O-NS requires S = 8‘0 per cent.). 

OH 0 OH 


Hijdroxi/(ju IriolsuJpM mphlha le i n , 



O.H 



charin ” ( 1'8 grams), hydroxyquinol ( 2 ‘.") grams), and fused zinc 
chloride (2 grams) were heated at 1(K)— 170° for two hours w^hile 
a slow stream of dry hydrogen was passed over the molten mass. 
Purifipation by means of sodium hydroxide solution having been 
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found ineffective, the product jvas acetylated. The acetyl derivative 
crystallised from dilute alcohol in colourless prisms melting 
above 300®. The product of its hydrolysis by alkali crystallises 
from a mixture of alcohol and ether in light reddish-brown, siy^y 
needles. 

Hydroxyquinolsiilphamphthalein is very soluble in alcohol or 
acetic acid, moderately soluble in hot water, and sparingly soluble 
in ether or cold water. It dissolves in alkali with a pink colour, the 
solution showing a feeble yellow fluorescence. The sodium salt 
dyes fine pink shades on w^ool (Found : S = 7’8. 
requires S — 8*0 per cent.). 

Catecholsiiljihamjjhtfuilein . — Eight grams of “ saccharin,’’ 
grams of catechol, and 10 gi’ams of fused zinc chloride were heated 
at 180 — 190° for three hours. The cold product was powdered 
washed with concentrated hydrochloric acid, and crystallised from 
ether, minute browm needles being obtained. 

Catecholsulphamphthakin is very soluble in water, alcohol, or 
acetic acid, and sparingly soluble in ether. It dissolves in alkalis 
with a green colour (Found : 8 = 8'6. requires 

S — 8‘7 per cent.). 

1:2:4; d-Tetrahydroxybcnzenesiilphamphthaleln, 


— “ Saccharin ” (0*8 gram) and 1:2:4: o-tetra hydroxy benzene 
(1‘4 grams) w’ere heated at 160° with 0*5 gram of fused zinc chloride, 
for about tw*o hours. The product was finely pow^dcred, digested 
with concentrated hydrochloric acid for lialf an hour, filtered, dried, 
and acetylated by the usual method. The hexa-acefyl derival ive 
crystallised from dilute acetic acid in white, silky ncedle.s whicli 
did not melt at 290° (Found : C — 54‘1 : H = 3*6. ^'3iH250j5X8 
requires C — 54*5; H — 3*7 per cent.). On hydrolysis with alkali, 
the jmre dyestuff was obtained, which crystallised from hot water 
in dark browm needles with a green, metallic lustre. It dissolves 
in alkali with a pink colour but without fluorescence (Found; 
S = 7'0. CigHigOgNS requires S ~ 7*4 per cent.). 

4 : 4'-Z)mmrim-2 : 


NH 




'p'* Saccharin ” (1*8 grams) and 7>i*phenyleiiediamine hydrochloride 
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(3'6 grams) were heated at 230° ,for about fifteen minutes. 
Xhe nielt was extracted with ether to remove unchanged 
“ saccharin ” and dissolved in hot alcohol. The alcoholic solution, 
on cooling, deposited a quantity of brown needles, which were 
n>movcd. The mother-liquor was concentrated to .small bulk 
and cautiously diluted with water, when the sulphamphthalein was 
deposited in bright yellow, prismatic needles (Found : S ^ 8*7 ; 
15*1. Ci9Hie02N4S require.? S = 8*7 ; N ^ loT per cent.). 
The substance is very soluble in alcohol or acetie acid, sparingly 
soluble in water, and insoluble in ether. Its solution shows an 
intense yellow-green fluorescence, which is very similar to that of 

fluorescein. 

The above-mentioned brown substance was found to have the 
NH 


constitution CgH^ 


SO, 

boiling with alkali it decomposed yielding saccharin and the 
diamiiioiminophenylsulphamphthalein. It uas also formed when 
these two substances were heated with zinc chloride at 160°. 

It is slightly soluble in alcohol or acetic acid, and insoluble in 
water or ether. The solution shows a brilliant green fluorescence 
(Found : S = 13-4; N - 12-3. requires 8 - 13*8; 

N" = 121 per cent.). 

NH 


2 ; "l^'^lrainophtnoUiilplmriphthakin^ 



HO, 

Saccharin ’ (3*6 grams), wi-aminophenol {4*5 grams), and fused 
iinr, chloride (4 grams) were heated at ISO— lOO’ for two liours. The 
melt was dissolved in dilute caustic soda and the filtered solution 
precipitated with hydrochloric acid. The compound, which could 
lot he crystallised, wa.s purificcl hy means of the lead lake, as 
Jcscribed in the case of the resorcinol compound. It is a dark 
brown substance whicli dissolves in alkali with a brown cM,)lour, 
but without fluorescence. Its solutions in alcohol and acetic 
w show a fine moss-green fluorescence (Found : N = 7*2. 
*^i9Hi404NgS requires N = 7*6 per cent.). 
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4 : •T€tT<ivifthyldi(iMi’HO-2 2'-oxidophcnylsulphoMphtkcil€.in^ 

0 

(CH3),n/YYY'®^'^ 

x/yv . 

Con/)NH 

S 02 

— “ Saccharin ” (1*8 grams), m-dimethylaminophenol (2*8 grams), 
and fused zinc chloride (1*5 grams) were heated at 180*-190Mor 
about one hour, when the melt assumed a deep pink colour and 
solidified completely. The product was powdered and boiled mth 
alcohol and a little bone black ; the filtered solution slowly deposited 
the condensation product in small, pink needles with a golden lustre. 

The substance is very soluble in alcohol, acetic acid, or ether, 
slightly in water, and dissolves in dilute mineral acids with a pink 
colour and a strong yellow fluorescence. It dyes fine pink shades 
on wool (Found : kS “ 7*5. C 23 H 23 O 3 N 38 requires S — 7 6 j)er 


cent.) 


C6H4T— 9 — -N 0 


The substance 


^/NH 


-iCgH, 




NH 


\/ 

NH, SO, 


OH C OH 

c,h/\nh 


so, 

prepared by heating 1*8 grams of “saccharin,” 4*5 grams of 

4 : 6 -diaminoresorcinol hydrochloride, and 3 grains of fused zinc 
chloride at 160^ for three hours while a slow stream of dry hydrogen 
was passed over the molten mass. The cold product was finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, and purified by means of the load lake. It could not l)e 
crystallised. It is a dark brown substance which dissolves m 
alkali with a splendid blue colour, but without fluorescence (Found; 

5 = 12*8. C 33 H 23 O 9 N 7 SJ requires S = 12*7 per cent.). 

Further work in this direction is in progress. 


Chemical Laboratory, 

The Uxiversity of Dacca, 
INOIA. 


[Ilcccived, May 2'2nd, 1922 .] 
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CCLXXXIX.— TAe Part I L The 

Lowering of the Viscosity of Cellulose by Various 
Reagents, 

By Reginald Arthur Joyner. 

It was during the war that the importance became recognised 
of having cellulose of a definite viscosity, the value of which 
depended on the use to which the nitrated or acetylated cellulose 
was to be put. In this vol., p. 1511, was described a modification 
of the method adopted by Gibson, Spencer, and McCall for the 
determination of the viscosity in cuprainmonium hydroxide, and 
the effect on the viscosity of varying the concentration of the 
copper, ammonia, and cellulose was given. The present paper 
deals with the lowering of the viscosity of cellulose itself by various 
reagents. 

The first de^ite work published on the effect of solutions of 
sodium hydroxide on cellulose is given by Gibson (T., 1920, 117 
479). It was shown that the effect of sodium hydroxide depended 
on the concentration and the temperature at which the experiment 
was carried out. 

One of the chief difficulties in work on viscosity lies in the 
interpretation of the results, for example, on p. 2407 is given the 
effect of increasing amounts of air on the viscosity of cellulose 
when dissolved in cuprammonium hydroxide. In the second series 
of experiments, with 2 per cent, .solutions of cellulose, it is seen 
that 27, 13-6, and 30 c.c. of air lowered the viscosity by 530, 1300, 
and 1800 seconds, respectively. Although the lowering of viscosity 
is relatively great for the fir.st additions of air, it is not correct 
to assume that the chemical effect is relatively great for the first 
additions. It was shown in Part I of thi.s paper that the lo<^. 
viscosity is almost directly proportional to the concentration cx- 
pressed in grams per 100 c.c. of solvent, and thoreffore it is clear 
that if the agent referred to above ultimately reduet's the viscosity 
of the cellulose to a very low figure, then the amount of cellulose 
transformed will be approximately given by the drop in the log. 
viscosity. It was shown that celluloses had constants given by 
a modified Arrhenius formula which were independent of the con- 
centration. Now, the highest viscosity pos-siblc for a 2 per cent, 
solution of cellulose appears to be about 57,000 seconds, or *>8 000 
absolute units (p. 2399), whilst by repeatedly kiering a cellulose 
with sodium hydroxide a viscosity of 1 second for a 5 per cent, 
solution was obtained. These two figures give constants of 278 
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and 0’15, respectively, which denote the limits for the viscosity of 
cellulose for a 2 per cent, solution. The hypothesis is now made 
that there are two kinds of cellulose, high -viscosity cellulose or 
cellulose “A,” which has the higher of the above constants, and 
low- viscosity cellulose or cellulose “ B,” which has the lower of 
the above constants. A cotton which has an intermediate viseasity 
is a mixture of these two kinds, and the high- viscosity cellulose 
content will be given by the equation x ^ — 0T5)/2‘63, where, 

by the Arrhenius formula, «= l«g ,,i,eosity of solvent / 
tration. In this formula, instead of the log. viscosity of solvent, 
a number, — 0’80, is used, so that 

^ log viscosity of solution -j^O'SO 

concentration (gram per 100 c.c of solvent)* 

Experimental. 

In order to have a standard substance to work with, a large 
batch of sliver cotton was obtained Avhich gave the following results 
when tested by routine methods : moisture, 4T)2; oily matter, 0*24 ; 
mineral matter, 0’71 ; solubility in 3 per cent. NaOH at 100“, 5'6G; 
copper reduction number,* O' 11 per cent ; dyeing test, nil. 

Raw sliver is only partly soluble in cuprammonium hydroxide, 
but becomes quite soluble after being acted upon by dilute sodium 
hydroxide, which dcstroy.s the [)rotein matter pre.scnt. 

In carrying out the experiments on the action of sodium hydroxide 
on cellulose, the following procedure was adopted. The cotton 
was placed in test-tubes, a quantity of the solution of sodium 
hydroxide or of other substances added, and the cotton worked in 
the liquid or evacuated to expel the occluded air ; the tubes were 
then filled to a convenient height and sealed. If this procedure 
be not adopted, the oxygtm in tlic presence of caustic soda will 
oxidise the cellulose and low'er its viscosity. The tubes WTre then 
heated in an autoclave at a definite temperature for a definite 
time. It w’as found that the temperature of the autoclave could 
be kept constant to within 1“ or 2“ for long periods. The auto- 
clave was then opened, the liquor in the tubes titrated, and the 
cotton washed with dilute acetic acid and thoroughly with water, 
and finally dried at about 70'h The ratio of liquor to cellulose in 
the tubc.s was varied from 15 to 10. The lower ratio could be 

* The copper reduction iimnber is the weight in grams of cuprous oxide 
reduced by 100 grams of cotton from a solution of the following composiitlon 
in grams per litre : Iiydrated copper sulphate 17'3, anhydrous sodium car- 
bonate 100, anhydrous sodium citrate 130. This and the soda-soluble figme 
give the amount of degraded cellulose present. 
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decreased considerably without making any difference in the results, 
piiplicate experiments were often carried out. Ail the determin- 
ations of the viscosity were made at 20" ± T for a 2 per cent, 
solution of cellulose, unless otherwise stated. 

Table I gives the results obtained when the time of heating 
was nine hours. 

Table I. 


Showing the effect of varying concentration of .sodium hydroxide 
on sliver cotton when heated for nine hours at the temperatures 
stated. 



100". 



110" 


Normality 

Viscosity 

Cellulose 

Nurruality 

Visco.sity 

Cellulose 

of NaOH. 

(sec.). 

“ A.” 

of NaOH. 

(sec.). 

“ A.” 

1‘0 

5760 

81 

0-91 

2000 

73 


1725 

71 

1-85 

1161 

68 

G-7 

425 

59 

1-84 

1203 

68 

G-7 

394 

59 

2-81 

423 

60 




;4-20 

120 

49 


125" 


3-28 

133 

49 

0-14 

950 

00 

5-49 

.50 

4:4 

O-.'iH 

930 

00 

5-43 

53 

414 

0-9G 

740 

04 

6 94 

150 

32 

0-9G 

780 

04 

0-92 

15-4 

32 

2*92 

50 

4:4 




2-92 

53 

43 


134" 


5o2 

38 

23 

0-25 

075 

62 




O-.j 

354 

58 


141" 


M) 

175 

52 

00 

350 

58 

2 0 

59 

4:t 

00 

332 

.58 

30 

9 

28 

0-!7 

2.55 

5.) 

4-5 

1-4 

12 

017 

309 

58 




0-44 

90 

47 




0-43 

9.5 

47 




090 

28 





o-so 

20 

37 





The results shown in Table I have been plotted in Fig. 1, and 
a scries of nearly straight lines is the result. The higher the tem- 
perature the more these .slope to the left, showing an increasing 
rate of reaction. These lines, on extrapolation for a zero con- 
centration of sodium hydroxide, cut the abscissa at increasing 
distances to the left. This denot(?s that water alone must have 
some effect on the cotton and that this effect increases rapidly 
with the temperature. 

In order to study the effects of the lower concentrations of 
caustic soda in more detail, sliver was heated for six and a half 
hours at 130" and a kiered sliver having a viscosity of 314 seconds 
was heated at the same temperature for five hours. The results 
are given in Table II. 



2398 JOYIOItl : the viscosity of CEtttHiOSE. tART n. 
Table II. 


Showing the effect of low concentrations of caustic soda on sUver 
when heated at 130^ for six and a half hours, and on a kiered 
sliver, viscosity 314 seconds at 130”, when heated for five hours 



Sliver. 



Kiered aliver. 


Normality 

Viscosity Cellulose “ A ’* 

Normality 

Viscosity Cellulose “ A 

of NaOH. 

(sec.). 

per cent. 

of NaOH. 

(sec.). 

per cent, 

2-17 

67, 

44, 43 

20 

29, 27 

37, 37 

o-y6 

105, 126 

48, 49 

1-0 

52, 48 

41, 41 

0-49 

155 

5l 

0-50 

57, 50 

41, 41 

0-24 

255 

55 

0-25 

93, 92 

42, 42 

O'OOl 

356, 358 

58, 58 

0-10 

116, 118 

42. 42 

0*044 

410 

59 




Water 

415, 476 

59, 60 

Water 

170, 161 

43, 43 


F]g 1. 

Skowlnfj the effect of heatiug sliver with various solutions of sodiuni 
hydroxide for inne hours at the temperatures stated. 



Cellulose “ A ” cotUoU. 

The results in Table II are shown graphically in Fig. 2, and it 
i.s evident the more dilute coiicent rat ions of caustic soda have a 
relatively greater effect than the more concentrated ones. This 
makes it seem probable that the effect is due to the hydroxyl 
ions. 

The results which have been obtained on the action of sodium 
hydroxide on cellulose are important from the practical point of 
view in the kiering of cotton. The concentrations of sodium 
hydroxide used are generally not more than 4 per cent., and there* 
fore the drop in viscosity can be found for any temperature between 
‘100® and 140® for a kiering petiod of nine hours. The results for 
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the various concentrations of sodium hydroxide have been plotted 
against the temperature in Fig. 3, and it will be seen that when 
the temperature is lowered the curves become more vertical and 
approach each other. The extrapolated value of the log. viscosity 
for the point where they become 
vertical and touch each other is Fig. 2. 


about 4’75. This means that of hcaimg (l) raw diver 

the maximum value for the ZZl 

viscosity of cellulose is about 135 ", wM different concentration 
o7000 seconds, or 28, (KX) C.G.R. 


units at 20° for a 2 per cent, 
solution in cuprammonium hydr- 
oxide containing 13 grams of 
copper and 200 grams of am- 
monia per litre. 

Kinetic Measurements m Presence 
of Sodium Hydroxide. 

Kinetic measurements were 
carried out, using A"-sodium 
hydroxide at various tempera- § 
tures. In order to eliminate 
errors due to fluctuating tern- 
perature, which would be very 
difficult to prevent when using 
an autoclave which could only S 
be heated and cooled slowly, ^ 
three samples of cellulose having 
different viscosities were heated 
for seven hours, simultaneously, 
at various temperatures. After 
cooling and washing, the vis- 
cosities of the samples ^Vere re- 
determined, and the amount of 
change, as denoted by t he 
amount of cellulose “A" trans- 
formed, was calculated. It is 
seen that the amount of change 
in each case is proportional to 
the amount of cellulose “A originally present: in other words, 

e reaction proceeds as though it were uni molecular. The results 
re gnen in Table III, k hour^ being calculated for a uni molecular 
reaction, k == 1 /#. bg aja - x. 



0-4 0-5 0-6 0-7 

Cellulose “,1 *’ conienf. 
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Table III. 

Showing the calculation of the unimolecular constant, k, for the 
action of A'-NaOH on cellulose at various temperatures. Time 
of heating, seven hours. 


Initial Final 


Initial 

cellulose “ A ” 

Final 

celluloso A 

k 


viscosity. 

per cent. 

viscosity. 

per cent. 

(hours). 

Temp. 

U40 

69-5 

342 

57-5 

0 0270 ] 

240 

o4-8 

. 84-0 

46*1 

00247 

“ llfi^ 

69 

44-0 

28-3 

370 

0 0264 J 


1440 

69-0 

248 

54-8 

0 0339 ) 


240 

,")4-H 

58-2 

42-9 

0-0349 

r 12o’ 

69 

44-5 

23-9 

35-6 

0*0319 J 

1 

1440 

69-5 

G7-8 

44-2 

0-0647 


240 

54-8 

26' 2 

36-3 

0-0589 

j" 13*'’ 

69 

44- 5 

101 

28-5 

0-0603 1 


1440 

69-5 

10-2 

28'6 

0-127 1 

1 

240 

04 '8 

6-5 

24-8 

0-113 ' 

1 146’ 

69 

44-5 

4-6 

22-1 

0*100 J 

1 


Fig. 3. 



With the exception of the result at the higher temperatures, the 
constant obtained is fairly satisfactory. 

The result found hero agrees with many heterogeneous reactions 
in giving a unimolecular coast ant, a list of which is given In 




JOYNEB I THE VISCOSITY OF CELLULOSE. PART 11. 2401 

System of Physical Chemistry,” Part I, p. 450, William 0. McC. 
Jjewis. As regards the nature of the reaction, the results obtained 
by Armstrong {Proc. Roy. Soc., 1904, 73, 508) on the action of 
enzymes on sugar are of interest. The temperature coefficient for 
the results with cellulose is low, a rise of lO"" increasing the rate 
about 1’6 times, which is in accordance with many results obtained 
for heterogeneous reactions. This reaction is, however, different 
from other heterogeneous reactions in that the substance under- 
going change is solid, whilst the catalyst is a liquid. From these 
results it is now po.ssible to state tlie conditions necessary in order 
to lower the viscosity of cellulose of any viscosity by a required 

amount. 

In the last experiment, along with tin; three samples of cleaned 
sliver a sample of raw slivcj- was also subjected to the action of 
A-sodium hydroxide, and thereafter the viscosity was determined. 
Knowing, therefore, the final amount of cellulos(‘ “ A,” and usiiK^ 
the constants obtained, it wa.s possible to calculate the amount 
of cellulose “ A ” in the pure unattacked sliver. The average 
values for the eon.stant being employ^ed in each ca.se, except in the 
last, where the highest one was used, the values found were 86, 
86, 82, and 83 per cent. The actual value.s should have been 
100 per cent, in each case. 

Tk Selecdve Sorption of Sodium Hydroxida by Ctdlulose and ih 
Action in lowering the Viscosity. 

With solutions stronger than normal, the action of sodium 
liydroxide in lowering the viscosity has Ijeen shown to he nearlv 
pioportional to the gross concentration of the sodium hydroxide. 
Although this was probably accidental, depending oii various 
factors, for example, degree of iontsation, hydration, etc., it was 
thought interesting to study the action from tlio sorption point 
of view, as it was known that the sorption of sodium hydroxide 
from aqueous solution by cellulose also inerea.se.s with the con- 
centration . 

The question of the sorption of sodium liydroxide by cotton has 
been revised by Leighton {J. Physical Chem., 1916, 20, 32) especially 
from the point of view of the pliaso rule, and it was shown that 
the occurrence of definite combination between cellulose and 
sodium hydroxide has by no means been proved. Leighton showed 
that measurements involving decrease in concentration of a sodium 
iydroxide solution due to the addition of cotton give simply the 
amount of selective sorption, that is, the difference in the ahsorp- 
mil of sodium hydroxide and water. He endeavoured to measure 

e total sorption by centrifuging cotton which had been plact^ in 
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sodium hydroxide solution; on the assumption that the cottoii 
had then no solution clinging to it, the increase in weight of the 
cotton and the amount of sodium hydroxide therein gave the 
quantity of water and of sodium hydroxide sorbed. This method 
obviously furnished too high results, because from his experimentg 
he deduced that 1 gram of cotton can sorb 4 grams of water, 
in reality wet cotton can be squeezed so that the water content 
falls as low as 0-8 gram per gram of cotton. 

Fig. 4. 

Showing the ftorption of sodium hydroxide by cellulose. 



Vieweg 1907, 40, 3876) determined the selective sorption 
of sodium hydroxide from an aqueous solution by titrating a definite 
volume of solution before and after the addition of cotton. In 
the present work, in order to obtain more accurate results the 
analyses were done on definite weights of the solutions. Knmm 
weights of sodium hydroxide (volume 10 c.c.) and cellulose (about 
1 gram) were well mixed together at room temperature and a 
definite weight of the solution was titrated. Preliminary experi- 
ments showed that after one and a half hours the selective sorption 
of the .sodium hydroxide did not increase in six days. The results 
obtained are shown in Table IV and graphically in Fig. 4, 
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Table IV. 


Giving results obtained for the selective sorption of sodium 
hydroxide by cotton. 


Composition of aqueous phase. 

Composition of cellulose phase. 

Grams of NaOH per 100 grams of 

Grams of NaOH per 100 grams 

water. 

cellulose. 

29-6 

16-6, 17-8 

28-6 

14-1, lG-5 

24-3 

15-7 

20-5 

13-9 

19-1 

12-8 

18‘8 

12-G, 12-8 

13’3 

9-9 

12-8 

8() 

7- 0.5 

3'4l 

f>-9i> 

.3-23 

4-02 

1-72 

3-79 

2-20, 2-27, 2-15, 2-12, 2-01 


These results show that sorption of sodium hydroxide by the 
cellulose takes place. This sorjjtion, as will be seen, is increase<l 
by the addition of neutral salts. 

Preliminary experiments on the effect of the addition of sodium 
chloride to the sodium hydroxide solution sluoNcd that the con- 
centration in the cellulose phase increased, and accordingly solutions 
were made by adding increasing amounts of sodium chloride to 
sodium hydroxide. Jn these solutions the ratio of water to sodium 
hydroxide was therefore constant. The sorj)tion from the.se solu- 
tions was determined and also the effect on sliver after heating for 
six and a half hours at 122^. 


Table' 

Showing the effect of adding increasing amount§ of salt on the 
sorption of sodium hydroxide by cellulose, and the relative 
effects of such solutions on cellulose. 


Crams of 

Composition, of solution. NaOH 


NaOH. 

Percentage of 
NaCl. NaNOg. 

water. 

Grams of 
NaOH 
per litre. 

per 100 
grams of 
ecUulosc. 

Viscosity 

(seo.).‘ 

Cellu- 

lose 

71 

— 

— . 

92-9 

70' 5 

3 41 

433, 414 

59 

(iO 

0-8 


80-7 

T;hr) 

fell 

482 

00 

130 

— 

8U4 

70-2 

5 40 

417 

59 

5'3 

22-4 

— 

72' 3 

(loti 

5 'O') 

388 

59 

4'2 

13-7 

231 

590 

5()-0 

0’40 

111, 108 

48 


The effect of other neutral salts was .studied and it was found 
that neutral salts alone had little (‘ffect on raw sliver at 120"\ but 
in conjunction with aodiinii hydroxide potassium cliloride had a 
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Specially strong effect. When, however, a sliver which had 
already been acted upon by sodium hydroxide was so treated 
potassium chloride had an effect almost equal to that of an equiv' 
alent concentration of sodium or potassium hydroxide, whilst the 
effect of sodium chloride, sodium nitrate, barium chloride or 
potassium nitrate was almost negligible at 120°. As was stated on 
p. 2396, raw sliver is not very soluble in cuprammonium hydroxide 
and it would seem that in its natural state it contains very little 
free cellulose and that the protein matter must first of all be 
destroyed before the cellulose can be attacked. 

Further results on the effects of sodium and pota.ssium chlorides 
are given in Table VI. 


Taule VI. 


Showing the effect of equivalent concentrations of potassium 
chloride and sodium chloride on sliver in .seven and a half 
hours at 120°. 


Composition of solution. 

(а) 2.V-NaOH 

(б) 2.Y.KOH 

100 c c. of (a) with 20 grams of KCl 
„ „ ir>0 „ NaCl 

„ (fr) M iiO „ KCl 
M 159 „ NaCi 


Cellulose* “ \ ” 


Viscosity. 

per cent. 

:U0, .126 

57 

510, 491 

61 

72, 71 

45 

445, 431 

59 

82, 82 

46 

652 

63 


These results confirm tlie others as regards the relative effects 
of sodium chloride and pota.ssium chloride. Tlie effect of the 
potassium chloride may be tine to its slightly increasing the hydroxyl- 
ion concentration, also to its raising the potential of the hydrosvl 
ions ; it jnay also have a specific action on the cellulose. 

It was found that the sorption of sodium chloride or potassium 
chloride by cellulose from 22 per cent, solutions was small, being 
only about 1 gram per 100 grains of cellulose. 

When sliver was heated with a solution of ammonium chloride 
or calcium chloride, a degraded product of very low viscosity 
resulted, hut when a mixture of ammonium chloride and ammonia 
■was used, there was scarcely any effect. Evidently the action of 
the ammonium chloride or calcium chloride wa.s due to the acid, 
set free by hydrolysis. Ammonia solution alone also had little 
action. 

The Action of Dilute Acids on Cellulose. 

It wus recognised that the action of dilute acids on cellulose 
was mucli more rapid than that of alkalis, but on account of their 
degrading action it was necessary use such a strength that little 
or no hydrocellulose could be fprmed. 
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The following tables show the action of various strengths of 
hydrochloric acid in degrading cellulose at 100®. 


Table \TI. 

Showing the action of various strengths of hydrochloric acid on 
cellulose at 100®. 


Strength of acid. 

Time of action. 


5 minutes 


5o j. 

.V/IOHCI 

10 


30 


30 


3 hours 

A'/iboHCl 

3 „ 


Remarks. 

Converted to powder. 

50% of tlio product soluble in 3*^0 
viscosity of 5^*0 sol. — 1 see. 
Soluble in NaOH, 4 per cent. 

» „ 12 

M „ 4 

»» 12 
3 


XaOTT ; 


The experiments with acids were therefore limited to concen- 
trations of .V/30 and N jlOO. 

In determining the rate of reaction, cellulose was boiled under 
reflux, at a definite time cold water was poured down the con- 
denser to stop the reaction, and the product was well washed and 
dried at 70°. The viscosity, usually for a 2 per cent, solution, was 
determined; the percentage of cellulose A ’ and the constants k 


for the various orders of reaction were calculated : 



log 


; Am ^ , \ - 

a — X * t \a ~ 
fraction of ceUulo.se 
minutes. 


' A at time 0 and a — x 


n h 

« , w ere a — 


a-/ 

fraction at time t 


Table \T*II. 


Showing the effect of dilute hydrochloric aciA on cleaned 


Time 

Viscosity 

Fraction 
of cellu- 

cellulose. 



in min. 

in see. 

lose “ A."' 

.Ani. 

A-m. 

A'ter- 

Remarks. 

— 

1480 

0-097 








0 

115 

0-481 

0-054 

0-13 

0-22 

Acid AMOOHCl. 

10 

59 

0 431 

0-048 

0-089 

0-U> 

T -- 100=. 

20 

180 

0-333 

0-038 

0-0 7 S 

0- 1 8 

Celliilo.se sliver. 

30 

11-8 

0-208 

0-028 

0-064 

0-15 

Solubility in XaOH at 

55 

3-5 

0-108 

0-023 

n-OG.-^ 

0-22 

end, 3%, 

175 

1-2 

0-110 

0-011 

0-044 

0 23 



1480 

0-097 

— 




Acid 0-0113A'-Hn. 

5 

132 

0-498 

0-005 

0-11 

0-20 

10 

20 

30 

57 

0-427 

0-048 

0 0!K> 

0-17 

T 100". 

17-7 

0-332 

0-030 

0-079 

0-18 

Cellulose sliver. 

8-9 

0-2 ;o 

0-030 

(M)71 

0-18 

45 

5-0 

0-228 

0-024 

(i-OOO 

0-18 


60 

3-7 

0-204 

0-020 

0-057 

0-18 

Solubility in NaOH at 
end, 1%, 
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Table VIII {continued). 




I'rac- 





Frac- 





tion of 





tion of 



Time 

Viscos- 

cellii* 


Time 

Viscos- 

cellu- 



iti 

ity ill 

lost? 



in 

ity in 

lose 



mill. 

sec. 

“A.” 

fc[er» 

Remarks. 

min. 

sec. 

A.” 


Remarks. 

0 

1480 

0-697 



Acid 0-286.V- 

0 

1480 

0-697 

— 

Acid 

5 

83-5 

0*358 

0-56 

llCl. T ^ 

15 

727 

0-638 

0-0130 

0-oioo.v. 

10 

220 

0-269 

0-58 

100°. 2-5% 

45 

395 

0-589 

0-0092 

HU. 

20 

12-5 

0-232 

0-41 

for viscosity 

105 

198 

0-531 

0-0070 

80°. 

30 

0-6 

0-190 

0-43 

except at 

165 

105 

0-478 

0-0070 


60 

2-1 

0-117 

0-59 

zero time. 

285 

47 

0-411 

0-0067 

Sliver, 

120 

0-9 

0-058 

1-20 

Sliver. 

405 

32- 6 

0-382 

0 0059 





405 

29-3 

0-374 

0-0054 


0 

224 

0-491 



Acid 

0 

840 

0-650 

— 

Acid 

0 

72 

0-405 

019 

O-OlOOxY-HCl 

1 

485 

0-606 

0-18 

o-oiooy. 

10 

4.7 

0-368 

0-16 

T - 100°. 

4 

197 

0-530 

0-15 

HCl. 

20 

18-2 

0-300 

017 

Linters 

19 

36-0 

0-391 

0-11 

T^10(3^ 

30 

12‘5 

0-270 

U-10 

2-5% for vis- 






60 

51 

0196 

0-18 

cosity. 

59 

5-4 

0-232 

0-14 

Cops. 

150 

2-7 

0-152 

0-13 








It is seen that is fairly constant. As the concentration of 
the acid remains constant throughout the reaction, the number 
denoting the order should be increased by one, and if the reaction 
took place in a homogeneous phase giving a termolecular constant, 
the reaction would be strictly quadri molecular. However, in view 
of the fact that the reaction is apparently heterogeneous it is 
difficult to imagine that the obtaining of the constant has the 
same significance as it would have if the reaction took place in a 
homogeneous liquid phase. The temperature effect is large and 
it appears that the constant is probably proportional to the acid 
concentration, One experiment was made with acetic acid, when 
an 10-solution in fifty minutes reduced the viscosity of a cellulose 
from 1480 seconds to 68 seconds. A"/ 100- Hydrochloric acid would 
take about ten minutes to produce the same lowering. An 
xV/lO-solution of acetic acid has about twice the effect expected 
from a comparison of the concentration of the hydrogen ions in 
A"/100-hydrochloric acid. 

Beduction of the Viscosity of Cellulose by Oxidising Agents. 

The first experiments under this heading were made with cellu- 
lose in cupramraonium solution. The viscosity was first deter- 
mined in an atmosphere of hydrogen. After one-quarter of the 
cellulose solution had run out, to the remainder a measured volume 
of air was added and the mixture well shaken for an hour, the 
reaction being half complete in five minutes. Blank experiments 
were carried out on the hydrogen from time to time. The results 
obtained are showm in Table IX. 



JOVKBR ; THE VISCOSITY OP CELLULOSE. PART II. 2407 
Table IX. 

Xbe quantitative effect of air on the lowering of the viscosity of 
cellulose cuprammonium solutions. 

Seventy -five c.c. of solution were used in each experiment. 

2 Per cent, solution of cellulose. 


1 

2 

3 

4 

i > 6 

Diff. in 







ccllu- 



Cellu- 


Cellu- 

lose “ A ” 


Viscosity 

lose “A ” 

Viscosity 

lose “ A ” 

C.c. air 

per c.c. 

Column 6, 

before. 

before. 

after. 

after. 

added. 

of air. 

Column 2, 

242 

0-547 

17-1 

0-329 

20-7 

0-0105 


240 

0-548 

7-2 

0-258 

25-1 

0-0114 


245 

4-8 

0-220 

30-7 

0-0105 






Mean 

0-0108 

0-020 

1420 

0-694 

890 

0-656 

2-7 

0-0140 


1400 


73 

0-449 

13-6 

00180 


1790 

0-713 

27 

0-367 

21-2 

0-0164 


1840 

0-715 

5-0 

0-238 

30-2 

0-0158 






Mean 

0-0161 

0-023 

G 74 

0-443 

43-0 

0-405 

3-9 

00097 


604 


27-0 

0-368 

8-5 

0-0087 


700 

0-447 

10-1 

0 - 28(5 

16-4 

0-0098 


72-8 

0-450 

4-7 

0-223 

25-6 

0-0101 






15Tean 

0-0096 

0-021 



4 Per cent, solution of cellulose. 



29.70 

0-375 

1850 

0-348 

6-3 

0-0043 


1 G 80 

0-333 

512 

0-283 


0 - 00,30 


2730 

0-354 

220 

0-249 

32-5 

0-0032 






Mean 

0-0035 

0-010 



1 Per cent, solution of c-cllulosc. 



340 

0-841 

21 4 

0-761 

3-4 

0-0225 


34-4 


9-0 

0-627 

9-9 

0-0217 


33-0 

0-836 

3-7 

0-472 

16-6 

0-0219 


34-2 

0-837 

15 

0-319 

27-7 

0 0186 






l\Iean 

0-0212 

0-025 


The viscosity values show that the addition of a small amount 
»f air brings about a great change, w'hilst further additions produce 
ittle effect. When, howuver, the content of the hypothetical 
cellulose “ A ” is considered, the effect of the air is, for cellulose 
the same viscosity, roughly proportional to the amount added. 

As was mentioned in Part I of this paper, oxygen reacts some- 
*^hat slowly with cuprammonium solution and produces nitrite, 
was proved during the present work that it is not the oxygen 
A’hich so reacts which reduces tlie viscosity of cellulose, but that 
^he reaction is direct. From the rehitive speeds of the two rcac- 
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tions it would seem that most of the oxygen, when introduced into 
a cuprammonium solution, reacts with the cellulose. 

From the above figures it is possible to calculate roughly the 
amount of oxygen necessary to reduce the viscosity of cellulose to 
its lowest lirfiit, in other words, to convert all the cellulose 
to cellulose “ B.” This amounts to about 5*3 c.c. per gram at 
N.T.P., which means that 16 grams of oxygen react wdth about 
2100 grams of cellulose. It will be seen that a similar figure is 
obtained in the experiments ^vitli sodium hypochlorite, 

Experitnents on Undissolved Celluhse. 

It was noticed that the lowering of the viscosity of cellulose, 
during the kiering operation was in general considerably greator 
than would have been expected from the results of autoclave 
experiments carried out under the same conditions of temperature 
and concentration of sodium hydroxide. The cause of this was 
found to be the air in the cotton, for w hen the cotton was thoroughly 
wetted and steamed before the caustic soda was added the cleaned 
cellulose had a much higher viscosity than that measured when 
no such precautions had been taken. 

It w^as found that by simply boiling cellulose with 4 per cent, 
caustic soda for three-quarters of an hour at atmospheric pressure, 
during which time hydrogen peroxide was added, the viscosity 
was reduced from 2160 to 1*7 seconds. The cellulose had no 
copper reduction number and therefore it w^as evident that hy 
this means the viscosity of ceIlulo.se could be lowered without 
the cellulose being appreciably degraded. 

Experiments w’cre then made using sodium hypochlorite instead 
of hydrogen peroxide. It is known that in acid .solution ccllu- 
lose is quickly attacked by chlorine (“ Cellulose,” 1918 edition, 
Cross and Bevan, p. 59). It w’as found that, when boiled witli 
4 per cent, sodium hydroxide and much hypochlorite, eelhilose 
was rapidly disintegrated to a powder of very low viscosity. On 
further boiling, the powder became finer, and on being washed 
with w’ater, swelled up. The powder w'as partly soluble in water, 
but was reprccipitated by sodium sulphate solution. It was noticed 
that during this boiling a yellow' colour would suddenly appear, 
this indicated that all the hypochlorite had been used up, for 
the colour vanished on the addition of more of the reagent. By 
this means it was po.ssible to oxidise cellulose almost entirely to 
carbon dioxide. When sugar was employed instead of cellulose* 
the same phenomenon was observed, and w'hen the yellow colour 
appeared formaldehyde was detected by its odour. 

. It was found that by the addition of about 1*5 c.c. of A'-sodium 
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Selenium Tetrachloride and Copper 
Dibenzoijlmethane. 

Xhe case of copper dibenzoylmethane has given rise to remarkably 
^ell-defined, stable selenium derivatives, so that the selenium 
tetrachlori^® condensation stands in marked contrast to the tellurium 
tetrachloride reaction with dibenzoylmethane, which yielded only 
aa unstable hydrolysable product. The following changes were 

observed : 

(d) 2SeCl4 + SCut'CisHjiOglg == 

2Se(Cj5Hjj^02)2 d" d" SCuCh* 

(M 2SeCl4 d” 2 Cu(Ci 5 Hj 402)2 = 

862(01511^1^02)2 + 2C15H11O2CI d* 2CUCI2 + 2 HC 1 . 

In the simpler reaction, selenium bisdibenzoyhnethane (XXIII) is 
produced as follows : 

C,H5*CO-CH2-CO*CgH- C5H5*CO-9H-CO-CgHg 

SeCl4 ^ Se ; 

CeH5»CO‘CH2*CO-CeH5 CsH^CO-CH-CO-CgHg 

whilst in the more complex condensation, two molecules of selenium 
tetrachloride take part, giving rise to selenium dibenzoylmethane 
(IXV), which, like selenium acetylacetone, exists in the dimeric 
condition ; 

CeHj 

CjH5-co-ch:c(oh)-c,H5 ca-co- 

Sedi SeCl^ Se~ge 

CeH5-C(OH):CH'CO*C6H5 0 

The axially symmetric structure is assigned to selenium dibenxoyl- 
methane because it behaves towards hydrocyanic acid and towards 
hydiiodic acid in a manner analogous to that of selenium acetyl- 
acetone (compare p. 2436 ), forming, respectively, the colourless 
monomeric cyanoselenium dibenzoylmethane (XXIV) and the orange 
dimeric diselenium bisdibenzoylmethane {XX VIII). 

An isomeride of selenium dibenzoylmethane is produced together 
withasmallproportion of selenium dibenzoylmethane by the regulated 
seating of selenium bisdibenzoylmethane, two molecules of which 
condense with the elimination of two molecules of dibenzoylmethane. 
lo this isomeric substance, hoseknium dibenzoylmethane^ is assigned 
the plane symmetric formula (XXVI), since, on further heating or 
^der the catalytic influence of hydrogen cyanide or of hydriodic 

VOL. CXXI. 4 0 
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acid, it readily loses an atom of selenium and passes quantitatively to 
an orange compound, selenium dehydrobisdibenzoylmethane (XXVII) 
The latter, formed also in quantitative yield together with selenium 
by melting selenium dibenzoylmethane, is a well-defined and 
remarkably stable compound, which, unlike all the other selenium 
derivatives of this series, is not attacked by excess of hydriodic acid 
It should be remarked, however, that the formula 


(XXII.) 


CeHg-CO-C-CO'CsHs 

/\ 

Se=:Se 

\/ 

C,H,-CO-C-CO-C*H, 


is not entirely excluded as a representation of the structure of woselen. 
ium dibenzoylmethane, this and the formula XXVI being related 
somewhat in the manner of keto- and enol-fonus of the same sub- 
stance. The structure XXII may well represent an intermediate 
phase in the degradation of each of the two isomeric selenium dibenz- 
oylmethanes to selenium and selenium dehydrobisdibenzoylmethane 
by means of heat. 

These selenium compounds of dibenzoylmethane are of especial 
interest on account of their close genetic relationships, an aspect 
which is illustrated in the following diagram : 

SeCl* and Copper- 
dibenzoylmethane. 


/\ 

CjHs'CO'CH 0 





CsHs-CO-CH 0 
^ tie 
CN 


CgHg-CO-C 0 


HCN 
^ 


C„H,-CO'C 



<reH, 

/\ 


6 C'CO-CsHs 

CfiHsI 

ixxv.)jt3 

Y 

C.H, 


beat or 


Se— -He 


Se 

CgHg’CO't 6 aseJta CgHg’CO’C 

V/ 


CeHs-CO-fj 0 CsH^-OO-l/ __0H 


U 


(XXVX-) 


‘(XXVIX.) 


8 e:rr:Se 


HO C'C0'C,Hi 

(XXVIII.) 
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Expeeimental. 

j preparation of Selenium A cetylacetone 
from Copper Acetylacetone, 

The following metliod is a convenient variant of the processes 
outlined in earlier commtmications (T., 1920, 117, 1459; 1921, 
119, 1067). 

Twenty-five grams of powdered copper acetylacetone {1 mol.) 
were added during fifteen minutes to 20’5 grams of selenium tetra- 
chloride (1 mol-) suspended in 120 c.c. of chloroform freed from 
alcohol, the reaction being moderated by cooling in ice and salt. 
(;opper chloride was removed, after thirty minutes at the ordinary 
temperature ; the chloroform solution was evaporated in a stream 
of air when the solvent and chloroacetylacetone were removed and 
11 '3 grams of pure selenium acetylacetone were left (calculated 
amount = 16'4 grams) (Found : Se == 44-65. re- 

(juiies Se = 44'68 per cent.). 

This preparation was varied (selenium tetrachloride 1 mol., 
copper acetylacetone If moi.) in order to ascertain whether a cydo- 
triselenium derivative (pp. 2439, 2467) was formed, but only selenium 
acetylacetone was found on working systematically through the 
product. 

In repeating this preparation, it was noticed that the weight of 
copper chloride was invariably greater than that demanded by 
equation (a) on page 2433. By working in B.P. chloroform (100 c.c.) 
with 21-2 grams of selenium tetrachloride and 25' 1 grams of dry 
copper acetylacetone, 17 grams (78 per cent.) of selenium acetyl- 
acetone were obtained and 17-1 grims of precipitated copper 
chloride (calculated, 12‘9 grams of CuCl 2 ). The excessive amount 
of this precipitate is due to : (1) hydration of copper chloride in the 
air, (2) red selenium and other ill-defined products, (3) occluded 
chloroform and chloroacetylacetone. 

Selenium acetylacetone was not affected by methyl or ethyl 
iodide, acetone, or acetonitrile. It crystallised unchanged with 
grea,t facility from the last of these reagents. Hydrogen chloride 
ia dry ether dissolved selenium acetylacetone, but had no further 
action on the selenium compound; hydrochloric acid led to the 
formation of an unstable additive compound, soluble in ether, 
«'hich decomposed into selenium and chloroacetylacetone. This 
decomposition occurred more rapidly in alcoholic hydrochloric 
^cid. Anhydrous ammonia, when sealed up wth selenium acetyl- 
aoetone, decomposed the latter completely. The identified products 
^ere selenium, acetamide, and hydrocyanic acid. The presence of 
die last substance recalled the formation of carbyiamines by the 

4o 2 
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interaction of aromatic primary amines and selenium acetylacetoae 
(T., 1921,119, 622). 

Descriptim of the Crystalline Forms of Selenium Acetykceio^i^ 

This substance crystallises in two distinct modifications. Both 
forms are somewhat elongated, six-sided plates, which are not 
suitable for measurement on the goniometer. Under the microscope, 
the first form is seen to have a symmetrical dome-termination of 
S8®. Optically, the extinction is straight, and a negative acute 
bisectrix is normal to the plate. The axial angle is wide. The 
system is therefore almost certainly orthorhombic. The second 
form, on the other hand, is probably monoclinic, for the termination 
is unsymmetrical with angles of 56°, 51°, and 73°, the extinction is 
oblique, and a positive acute bisectrix is normal to the plate— which 
must therefore be the face 6(010). On recrystallising from benzene 
at suitable concentration, the second form suffers a transformation 
into the first. 

Diseknium Bisacetylacetone (Formula VII). 

1, Preparation from Selenium Monochloride and Copper Aatijl 
acetone . — The selenium monochloride used in these experiments 
Avas prepared by dissolving the calculated amount of selenium in 
selenium tetrachloride. The monochloride (9*3 grams), dissolved 
in 40 c.c. of chloroform B.P., was added with shaking to 10*7 grams 
of copper acetylacetone in 150 c.c. of the same solvent, the mixture 
being cooled to 0°. The colour of the copper acetylacetone dis- 
appeared before ail the selenium chloride was added, and a red 
precipitate {a = 9’5 grams) separated, which was collected after 
one houi*. The filtrate after evaporation to remove chlorofonn left 
a dark yellow, lachrymatory oil (6 ~ 9*8 grams). 

The product a on treatment with water was found to consist of 
red selenium, cupric chloride, and a complex double salt of copper 
chloride and the organo- selenium compound which dissociated in a 
mixture of water and chloroform into soluble cupric chloride and a 
copper compound of diselenium bisacetylacetone, the latter dissolv- 
ing readily in the organic solvent to a green solution, from whicli 
the copper derivative (2 grams) was recovered on evaporation. 
From this copper compound dissolved in chloroform, diselentou 
bisacetylacetone was obtained by shaking with dilute sulphuric 
acid. The chloroform layer gave a yellow oil, which solidifie 
partly to orange crystals identical with those obtained by the secon 
method of preparation . The oil 6, on extraction with light petroleuffli 
yielded a further amount, of diselcnium bisacetylacetone. n*® 
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glutinous residue contained more of this substance together with 
j-glenium acetylacetone and a trace of chloroacetylacetone. 

When the preparation was varied by adding the copper acetyl- 
acetone solution to that of selenium monochloride until the blue 
oolour was no longer discharged (21*7 grams of copper salt in 240 c c 
of chloroform to 16-5 grams of in 100 c.c. of CHClg), about 
half the selenium wag set free, the remaining products being di- 
selenium bisacetylacetone, a complex organic copper salt, selenium 
acetylacetone, anhydrous cupric chloride, red selenium, and traces 
of chloroacetylacetone. 

2. Prejiaration from Selenium Acetylacetone and Hydriodic Acid.^ 
Powdered selenium acetylacetone (5-5 grams) was added durintr 
ten minutes to a cooled and shaken mixture of 150 c.c. of ether 
0 c.c. of decolorised 60 per cent, hydriodic acid, and 100 c.c. of 
water. The ethereal layer was washed with water, the iodine 
removed by 340 c.c. of N /10-sodium thiosulphate (calculated 
311 C.C.); the intense orange-yellow ether layer, after filtering from 
red selenium, was evaporated to remove solvent and a small amount 
of acetylacetone, leaving orange crystals of di, selenium bisacetyl- 
leetone (3 '9 grams). 

3. Ffeparation from Selenium Tetrachloride and Copper Aceiyl- 
icetone— To 5 grams of selenium tetrachloride (1 mnl.), suspended 
in 50 c.c. of dehydrated chloroform B.P. cooled to 0°, were 
idded all at once 11*8 grams of dry copper acetylacetone (2 
nols,). After two hours the greenish -black precipitate (a) was 
mUected, the brownish- orange filtrate yielding chloroacetylacetone 
ind 1’3 grams of selenium acetylacetone. The precipitate (a), 
yhich was quite insoluble in chlorofonn, was decomposed by water 
nto copper chloride and 3T grams of a greenish-yellow powder, now 
■eadily soluble in cold chloroform. The solution in this solvent, 
\heii shaken with dilute sulphuric acid to remove combined copper, 
eft on evaporation a yellow oil containing chloroacetylacetone! 
^-xtraction of this oil witli light petroleum yielded diselenium 
iLsacetylacetone, separating in well-defined/ orange crystals 
Jwtical with tlie other two preparations. 

^ The products from tlie three preparations, when crystallised from 
ight petroleum, separated in six-sided plates or prisms having a 
•right orange colour and a farinaceous and burnt rubber odour, 

• ich was nearly lost on drying. In the majority of cases, the 
ompound began to .soften at 78=* and melted at 92-93^ but 
carnally purified specimens softeneil at 58" and melted at 

i^ielting point indicate the existence of inter- 
forms. These modifications, having possibly mono- 
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QQe 


and di-enolic structures, would furnish different copper 
of which might be the compound soluble in chloroform 
other is insoluble in this solvent. 

Diselenium bisacetylacetone was readily soluble in the organic 
solvents, but insoluble in cold water. In warm alcoholic solution 
the compound was decomposed, giving red selenium, acetylacetone* 
and a yellow oil; this change occurred more slowly in the cold 
Molecular weight cryoscopically in benzene (c = 2 '674), found 
if = 339; C = 33-61; H = 4-01; Se = 44*30. 
requires M = 356 ; and C = 33'67 ; H = 3-96 ; Se = 44'43 per cent. 

The compound differs by only two hydrogen atoms from selenium 
acetylacetone, and this difference is clearly shown in the respective 
analyses (T., 1920, 117 , 1460). Of the foregoing preparations the 
hydiiodic acid method (No. 2) gives the best yield of diselenium 
bisacetylacetone. 

1^0* , Diselenium bisacetylacetone and 

dry ammonia in ethereal solution 
gave a yellow precipitate probably 
of ammonium salt very easily de- 
composed by atmospheric moisture; 
5iV*sodium hydroxide dissolved the 
compound to a yellow solution from 
which selenium was speedily liber- 
ated. Hydrazine hydrochloride and 
phenylhydrazine eliminated selenium 
in acetic acid and alcoholic solution, 
respectively. Aqueous potassium hydrogen sulphite reacted very 
slowly with this diselenium compound dissolved in ether. After 
three days, the change was incomplete and the products consisted 
of potassium selenodithionate, red selenium, sulphur dioxide, and 
acetylacetone. Ferric chloride gave instantaneously an intense red 
coloration. 

The crystals of diselenium bisacetylacetone prove to be 
isomorpbous with the corresponding dithio-compound prepared 
by Angcli and Magnani, and described by Negri [Gazzetta,, 1893, 
23 , [ii], 445). The system is orthorhombic with a:b:c = 
0*954 : 1 : 1*727, the forms developed being c(OOl), ^ (Oil), b(OlO), 
and f (101), as shown in Fig. 1, with occasional traces of 5(012). 
Following are the mean values obtained by the measurement of two 
crystals. 



c (001). 

polar 

face 


7(011). 
0 ° 0 ' 
*59 56 


b (010). 
0 “ 0 ' 
90 0 


r(lOl), «(012)- 
89 ^ 53 ' 

»6l 7 ca.40‘' 


Fedorov complex-symbol*, (4d)69( — J) ; trans. 


UO/TlO/ 001 . 
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CleftVAgCj c perf. and showing pearly lustre. Acute positive 
bisectrix (with medium angle) perpendicular to h ; axial plane c((K)l). 

Chopper diselenium bisacetylaceUme (Formula VIII) was prepared 
by shaking a benzene solution of the diseleniura compound with 
excess of aqueous cupric acetate with or without the calculated 
amount of ammonia; the yellow copper derivative, which was 
precipitated quantitatively, was washed with water and benzene. 
Xhis copper compound was insoluble in water, petroleum, or acetone, 
and only sparingly soluble in benzene or chloroform, thereby 
difering from the copper derivative formed in the first preparation 
(p. 2445) the latter being readily soluble in chloroform. Copper 
diselenium bisacetylacetone reddened at 130““135° and decomposed 
with blackening between 150 — 170° ; it dissolved in cold 5V'-sodium 
hydroxide to a yellow solution, which changed successively to red 
and black (Found : Se = 38*83, 38*02 ; Cu = 15*52. 
requires Se = 37*89; Cu = 15*21 per cent.). 

Cyano-^-selenium Acetylaceione (Formula IX). 

Powered selenium acetylacetone (3 grams) was added to 10 c.c. 
of freshly distilled hydrogen cyanide diluted with an equal volume 
of dry ether at 0°, the mixture being shaken at intervals for fourteen 
hours. The crystalline deposit was then completely soluble in cold 
ether, no unchanged selenium acetylacetone being present. The 
ether and hydrogen cyanide were removed under reduced pre.ssure. 
With pure hydrogen cyanide free from polymerides and phosphoric 
acid, the yield of selenocyanate was quantitative. When crystallised 
from warm light petroleum (b. p. 40 — 60°), cyano-Z-selenium 
acetylacetone separated in brittle, colourless needles w*hich acquired 
a stouter habit as growth proceeded in the cooled solutions ; these 
crystals softened at 75° and melted at 78—80° to a colourless liquid. 
The compoimd, which had an unpleasant odour resembling that of 
burnt indiarubber, was highly sternutatory and on long exposure 
to light and air it became brownish-pink and emitted a faint odour 
of hydrogen cyanide, being ultimately transfonned to a brittle, 
red mass [Found : C == 35*71 ; H == 3'81 ; N = 7*09 ; Se = 38*20, 
3841.. In benzene (c — r426) by the cryoscopic method, M = 197. 
C8H,02NSe requires C = 35*26; H = 3*46; N = 6-86; Se = 38*76 
per cent. ; if = 204]. 

Cyano-3-selenium acetylacetone dissolved freely in alcohol, 
benzene, or chloroform, more sparingly in ether ; almost insoluble 
in cold water, it was decomposed on boilmg. With upw^ards of tw'o 
molecular proportions of aqueous potassium hydrogen sulphite, 
the selenocyanate decomposed smoothly as follows : 

CfiH^Oj^SeCN + 2KHSOa = -f HCN + Se(S03K)2. 
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The selenium was obtained almost wholly as potassium seleno 
dithionate, only traces of the element being formed. Witii oup 
molecular proportion of the bisulphite, the products were aoetvl 
acetone, potassium hydrogen sulphate, hydrogen cyanide, and 
selenium. 

Copper Cyano-'^-selenium AcdyUiceione^ 

[CH3-C0-C(SeCN);C(CH3)O-],<Cu. 

The enolic character of the selenocyanate was manifested by its 
red coloration with aquo-alcoholic ferric chloride and by the form- 
ation of a copper derivative on shaking together excess of aqueous 
5 per cent, copper acetate (3 equivalents) and selenocyanate dissolved 
in 25 parts of chloroform or benzene. The light blue copper com. 
pound, almost insoluble in chloroform or benzene, was precipitated 
in the aqueous layer, shaken up again with more copper acetate 
and then dried to constant weight over calcium chloride (Found ■ 
Se = 33’06; Cu == 13'79. CigHigO^NgScgCu requires Se ^ 33 * 69 j 
Cu = 13 ’53 per cent.). The copper compound was insoluble hi 
water, benzene, acetone, or alcohol ; boiling chloroform was slightly 
tinted. It was decomposed by acetic acid or aqueous sodium 
hydroxide. 


Selenium OC-Bisacetylacetone (Formula I). 

Selenium OC-bisacetylacetone, produced by heating under reflux 
one part of selenium acetylacetone with 3 parts of acetylacetone 
and 6 parts of ethyl alcohol, was obtained after spontaneous evapora- 
tion to dryness in a vacuum over quicldime. It was prepared aho 
in quantitative yield by refluxing selenium acetylacetone with 3 
parts of acetylacetone and 11 parts of chloroform. The course of 
this additive change was, however, influenced in a remarkable 
degree by traces of impurity, for although it sometimes occurred in 
chlorofonn purified through the salicylide compound, yet in other 
cases the reaction w^as incomplete even after prolonged boiling. 
Addition of a .small proportion of ethyl alcohol sometimes brought 
this change to completion, hut when this procedure failed the reaction 
was facilitated by adding either excess of acetylacetone or a trace 
of solid sodium hydroxide. Non-reactive forms of selenium 
acetylacetone became reactive when crystallised from alcohol or 
benzene. Microscopic examination of the inert and reactive forms 
showed, however, no differences in crystalline form. 

Selenium OC-bisacetylacetone W’as also obtained in an attempt 
to prepare the isomeric selenium CC-bisacetylacetone by shaking 
together in 45 c.c. of cold dehydrated chloroform B.P. I’l grams 
of selenium tetrachloride (1 mol.) and 5'3 grams of dry copper 
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^ggtylacetone (4 mols.). After two hours, the dark green precipitate 
was decomposed by water, when cupric chloride dissolved and 1*6 
grams of unaltered copper acetylacetone containing a little copper 
chloroacetylacetone was recovered. The dark green * chloroform 
filtrate, after shaking with dilute sulphuric acid to remove combined 
copper, left on evaporation a yellow oil which deposited colourless 
needles of selenium 0(7- bisacetylace tone, whilst the mother-liquor, 
on the addition of alcohol, yielded selenium acetylacetone. 

In aqueous sodium hydroxide the bisacetylacctone compound 
dissolved to a bright yellow solution which became red, developing 
a nauseating odour and liberating selenium. These changes 
occurred more slowdy with sodium hydrogen carbonate. The 
substance was acid to moist litmus paper, and in dry ether it reacted 
slowly with metallic sodium, giving a yellowish-white sodium 
derivative. Dry ammonia added to the ethereal solution gave a 
yellow precipitate of an unstable ammonium salt. Ferric chloride 
gave an intense red coloration. The substance was decomposed 
by warming with alcoholic solutions of pyridine, aniline, or p-nitro- 
phenylhydrazine. 

The reaction of selenium OC-bisacetylacetone with aqueous 
potassium hydrogen sulphite (2 mols.) occurred in two stages, 
half the calculated amount bf acetylacetone only being eliminated 
initially. After extracting this product with chloroform, the colour- 
less solution, on wanning with alcohol, yielded potassium selenodi- 
thionate and the remainder of the acetylacetone. 

Selenium OC'-bisacetylacetone dissolved readily in cold ether, 
ethyl iodide, chloroform, benzene, or toluene ; and when crystallised 
from light petroleum it separated at first in fluffy masses of colour- 
less, prismatic needles having, while moist, a marked farinaceous 
odour. These needles, which were not suitable for crystallographic 
investigation, retained their form when collected, but if left in the 
mother-liquor they became completely transformed in two to eight 
days into a more compact form, fully described below. Both forms, 
when rapidly heated, melted at 50—54° to a colourless liquid 
becoming cloudy owing probably to separation of selenium acctyl- 
acetene. When heated slowly, these preparations softened at 
42° owing to the beginning of dissociation. The molecular weight 
determined in benzene cryoscopically was 283 (c = 2'68), 288 (c = 


•>*7o), The analyses gave C~43'22; H — 5T9; Se = 28T4, 
28T9, 28 '49, 28T3. CioHj^O^Se requires Tf — 277 ; and C — 43*28 ; 
H ^ 5*09 ; Sc ~ 28*50 per cent. 

beleniuni OC-bisacetylacetono crystallises in enantiomorphous 
forms of the monoclinic system, with a : 6 : c = 0*8872 : 1 : 1*107 ; p = 
110° 55'. The list of forms observed on a right-handed crystal ia 

* 4o* 
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a (100), c (001), i2(T01), m(llO), itC (110), and g(011). Thehabiti^ 
extremely variable. In some crops, the crystals presented the 
combination of and q (or m and g') as shown in Figs. 3 and 2 
respectively, bnt minute traces of c and R were always visible vith 
Fia. 2. Fig. 3. 



a lens. Another frequent habit is tha| of Figs. 4—5 ; in another 
crop, the crystals were greatly elongated along the symmetry axis. 
Individual crystals were not infrequently distorted to such a degree 
that they could only be orientated after a preliminary measurement; 
they could then be uniformly adjusted about the symmetry axis 


Fig. 4. Fio. 6. 



for comparative purposes. Following are the combined results of 
measurement of four crystals, comprising three of the right-handed 
types of Figs. 3 and 5 and one of the left-handed variety of Fig. 4. 


a (100). c(OOl). i?(I01). m(110}. g(014 

0" 0' ♦69'’ 6' ♦ISS® 39' 0° 0' 69“ 3' 

90 0 ^0 0 90 0 *60 21 44 2 
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In view of the undoubted enantiomorphism, the substance was 
exaniiusd for optical activity. The crystals were segregated into 
the opposite modifications by the help of the unambiguous ^'-faces, 
dissolved separately in benzene, and examined in the po lari meter. 
Xhe concentration of the dissolved dextro-crystals was 4*26 grams 
per 100 c.c. of solution, that of the Iflcvo-crystals being 3 '64 grams. 
Both solutions were inactive and therefore the enantiomorphism 
of form cannot be referred to any enantiomorphism of molecular 
configuration. The constitution ascribed to this substance is in 
harmony with these experimental results. 

Dissocidtio'fi of OC-BiscLcetylacetouc. — In concentrated 

solution in hot alcohol dissociation set in rapidly, the lic^uid became 
yeOow, and selenium acetylacetone separated. With methyl 
alcohol, the same change occurred and acetylacetone was detected 
ill the mother-liquors. Selenium bisacetylacetone was also dis- 
sociated on warming with water, acetylacetone escaped with the 
steam, and the residue was pure selenium acetylacetone. The 
dissociation occurred only incompletely in warm acetonitrile, but 
not in chloroform, benzene, or light petroleum. A few drops of 
benzoyl chloride added to an ethereal solution of the bisacetyl- 
acetone induced a complete transformation to selenium acetylacetone. 

,ch3-co;c-cO‘CH3 v 
Copper Selenium 0(]-Bisa<^tyhc€ione, ! 

CuT'\ CHa-CaCH-CO-OHji 
—A chloroform solution of selenium OC- bisacetylacetone W’as shaken 
uith ammoniacal cupric acetate, the sage-green copper derivative 
dissolved in the organic liquid to an. intense bluish-green solution, 
from which the product was obtained on evaporation or by pre- 
cipitation with light petroleum (Found : Se ~ 25-92, 26-38 ; 
Cu= 10-98, 10‘81. CgoHggOgSegCu requires Se = 25-72; Cu = 
10-32 per cent.). 

In. boiling chloroform, the salt underw'ent slow decomposition, 
and owing to its sparing solubility in pure benzene only very dilute 
solutions were available for the ebuUioscopic determination of 
molecular weight : M = 683, 571 (c == T9); the above formula 
requires if = 616. 

Selenium C’ethyl-OC-Bisacetylacetone (Formula II). 
C-Ethylacetylacetone was obtained by Combes^s method aa an 
0 oiling at 177 180 . To 3*5 grams of this ketone, dissolved in 
c.c. of alcohol, W’as added 1 gram of powdered selenium acetyl- 
acetone, the mixture was heated under reflux for ten minutes, and 
c resulting solution evaporated to dryness in a vacuum over 
sodium hydroxide. The residue, crystallised from light petroleum, 

4o*2 
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separated in short, rod-like needles or compact prisms. The frcslily 
crystallised substance had a faintly farinaceous odour ^vllicl^ 
disappeared on drying; it softened at 65 — 67°, and liquefaction 
was completed by 77° or 82°. This C-ethylbisacetylacetone w^s 
readily soluble in organic media but insoluble in water (Touafi- 
C = 47*19 ; H = 6*08. CioHi804Se requires C = 47*17 ; H ^ o-ij^ 
per cent.). 

Selenium C-ethyl-OC-bisacetylacetone gave an intense re^l 
coloration with feixic chloride, differing appreciably from the violet 
coloration with C-ethylacetylacetoue itself. The pale blue copper 
salt was soluble in chloroform or benzene to bluish-green solutiop.s. 
Warming with water or alcohol dissociated the compound 
into selenium acetylacetone and (7-ethylacetylacetonc. Benzoyl 
chloride, added to its ethereal solution, induced the precipitation of 
selenium acetylacetone. 

Interaction of Selenium Acetylacetone with Alkyl and Aryl Thiols, 

L With Methyl Mercaptan. — A viscid, yellow oil of nauseating 
odour remained on evaporating to dryness the solution obtained 
by leaving 1 gram of selenium acetylacetone in contact with 0*35 
gram of methyl mercaptan in dry ether. The oily product, which 
could not be induced to solidify, developed an intense red coloration 
with aquo-alcoholic ferric chloride, and gave a yello^vish-green 
copper salt (0*9 gram) with aqueous cupric acetate. This copper 
salt was very soluble in cold chloroform and crystallised from 
benzene in small, green crystals decomposing at 164—167°. These 
results pointed to the formation of an cnolic mixed selenothio-ethcr, 
CH 3 -C(OH):C(CO*CH 3 )-Se-S*CH 3 , as the main product, although the 
reaction was not quantitative. The interaction with other alkyl 
mercaptans is being studied. 

2. With Thio-7.-naphthol. — Preliminary experiments having shown 
that with molecular proportions of the reagents a considerable 
proportion of aa-dinaphthyl disulphide was produced, the inter- 
action was carried out with excess of selenium acetylacetone, 2'() 
grams of which w^ere added to 15 c.c. of dry ether containing 1*5 
grams of thio-a-naphthol. After one day at the ordinary temper- 
ature, the yellow solution was decanted from undissolved selenium 
acetylacetone (0*35 gram) and slowiy evaporated. A crop of 
a-naphthylihioselenium acetylacetone (1*3 grams) separated in large, 
transparent, yellow crystals. A second crop (I'O gram) consisted 
of a mixture of this compound with di selenium bisacetylacetone and 
aa-dinaphthyl disulphide. The components of this mixture 
separated by dissolving the product in ether, the ethereal solution 
being shaken with aqueous cupric acetate. The filtrate (a) ® 
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copper salts (6) was allowed to evaporate ; aa-dinaphthjd disulphide 
separated and was purified by solution in alcohol, when pale yellow 
crystals were obtained melting at 89—91° (vSchertol, J. pr. Chem., 
1893, [ii], ^7, 197, gives m. p. 01°). 

The mixed copper salts (6) were shaken with ether and dilute 
sulphuric acid, the yellow ethereal extract evaporated, and the 
crystalline residue dissolved in light petroleum. On evaporation, 
this solution yielded large, bright orange crystals and smaller, pale 
yellow, prismatic crystals ; these substances were separated by 
hand and crystallised separately from petroleum. The orange 
substance yielded the characteristic prisms of diselcnium bisacetyl- 
acetone (O'l gram). The pale yellow material furnished more 
a-naphthylthioselenium acetylacetone, the total yield being 63 per 
cent, of the calculated amount. 

a-}ii dphthyUhioselcTiiiiTn cicetylciceione (Formula X) separated from 
ether or light petroleum in bright cowslip-yellow crystals readily 
soluble in organic solvents. It was decidedly enolic, givint^ a 
greenish-yellow copper salt and a red ferric chloride coiorarion. 
After preliminary softening, it melted at 81—83° to a transparent, 
yellow liquid (Found : C = 53'28 ; H = 4-29 ; S = 9T4 ; Se = 
22*89. Ci 5 Hj 402 SSe requires C == 53*36 ; H = 4*18 ; S = 9-.50 ; 
Se = 23*47 per cent.). 

3. With Thio-t^-nuphthol.~^ohm\\m acetylacetone (0*5 gram) 
dissolved slowly but completely in 7 c.c. of dry ether containing 
0*6 gram of thio*j8-naphthol to an orange -yellow solution, which on 
concentration yielded nodular crystals of [33-dinaphthyl disulphide, 
separating from benzene or light petroleum in pale yellow, silvery 
flakes melting at 139—141° (Clcve, Ber., 1888, 21, 1100, gives 
ra. p. 139°; compare Ber., 1896, 29, 1327). The yellow, ethereal 
filtrate from this disulphide contained enolic substances as in the 
foregoing reaction wnth thio-a-naphthol, with the difference that the 
proportion of disulphide was greater. This and other condensations 
with aromatic thiols are under examination, 

ll. Seleni urn Ben zoijlacetone and c y c 1 o - T 
c Z c n r u ni B i s b en z 0 yl ac € t 0 ii e. 

1. Selenium tetrachloride (4*6 grams) was suspended in ;>0 c.c. 
of dry ether and added to G*8 grams of bonzoylacetone dissolved in 
flO c.c. of the same solvent. After three hours, a pale red solution 
was obtained which on evaporation in a current of air evolved 
Mrogen chloride and loft a greenish-yellow oil. Tliis residue, 
triturated vith successive small portions of alcohol, furnished an 
almost white powder (0*7 gram). The filtrates slowly yielded 
wher crops of this product (1‘4 grams), wliicli on extraction in a 
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Soxhlet apparatus with benzene gave masses of small, pale yellow 
needles of selenitim benzoyhceioney decomposing at 200°. xijg 
benzene mother-liquors contained cyclofrise^enwm buibenzoyhcef^^ 
which was identified more precisely in the following proparatioii’ 

2. To 20*5 grams of selenium tetrachloride (1 mol.), suspended 
160 c.c. of anhydrous chloroform B.P., were added with shaking 
during fifteen minutes at the ordinary temperature 41 gramg ^ 
dry copper benzoylacetone (11 mols.) A rise of temperature 
noticed, the selenium tetrachloride disappeared, and after one hour 
the precipitated cupric chloride, containing a red seleniferous tar, 
was removed. The red chloroform filtrate, evaporated at the 
ordinary temperature in a stream of air, left an oily residue, which 
was separated by means of alcohol into a less soluble product (aj 
and more soluble chlorobenzoylaceione {b) contaminated with ill. 
defined seleniferous products. 

The product a was extracted repeatedly with small portions of 
cold chloroform B.P., and the residue, consisting of seleniuni 
benzoylacetone (2 '5 grams), purified by crystallisation from toluene. 

The chloroform filtrates on evaporation yielded orange cyclo- 
triselenium bisbenzoyhceione, which after washing with cold dry 
ethyl acetate consisted of small, orange-yellow crystals (3*1 grams) 
purified by crystallisation from hot anhydrous ethyl acetate or by 
precipitation from chloroform by alcohol or from benzene or toluene 
by light petroleum. 

cychTriselenium bisbenzoylacetone (formula XVIII), when thus 
separated from selenium benzoylacetone, was obtained in small, 
prismatic, bright yellow crystals often showing rhombic cros 
sections ; it was inodorous, insoluble in alcohol, ether, or water, 
but dissolving more freely in cold benzene or chloroform. It 
crystallised best from boiling ethyl acetate, in which it is five 
times as soluble as is selenium benzoylacetone. The solutions of : 
this triselenium compound in organic media had a bright yellow 
colour; differing also in this respect from the very pale yeOow 
solutions of selenium benzoylacetone. ci/c^oTriselenium bisbenzoyl* 
acetone sintered and darkened at 190-195^ liberating seleniuiD 
and changing to a dark tar at 196 — 200° [Found: G = 43i{), 

' H — 3*14; Se = 42*26; by ebullioscopio method in benzene 
(c = 1-81)’, M = 582. CjjHijOiSea requires C = 43-04 ; H = 2-89; 
Se = 42'o9 per cept. ; M = 558]. This triselenium coinpounl 
was decomposed readily by hot concentrated hydrochloric acid; it 
waa insoluble in cold 5if-sodium hydroxide, but subsequeoi; 
decomposed by this reagent into acetophenone and selenium; t 
had no enolio properties, giving neither ferric coloration 
salt. It remained unchanged in cold aqueous potassium hyorog 
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sulphite. Hydriodic acid reacted with the triselenium compound, 
yielding iodine, red selenium, and disclcnium bisbetizoylacctoTic 
(see p. 2468). 

The crystals of cj^cfotriselenium bisbenzoylacetone are too poorly 
developed to yield accurate results, but a fragmentary optical 
examination points to the monoclinic system. JSTo crystallographic 
[^semblance was in any case to be expected with the chemically 
analogous trithiobis-acetylacetone of Angeli and Magnani {Gazzetta 
1894, 24, [i], 342), which Negri found to be orthorhombic— in view 
oi the highly sensitive relation of crystalline form to change of 
jhemical composition. 

Sekninm benzoylacetone (formula XV) separated from toluene in 
smaO, pale primrose-yellow, six-sided plates having, when freshly 
crystallised, a faint odour of elderberries. It was insoluble in water 
ether, or alcohol, dissolved only sparingly in boiling chloroform* 
benzene, or ethyl acetate, and was rather more soluble in toluene or 
glacial acetic acid [Found : C = 49*94; H = 3*61 ; Se = 32*67* 
My by ebullioscopic method in toluene (c = 0*719, k = 33*8), ^ 
m, 422. (CioH802Se)2 requires C = 50*16 ; H - 3*37 ; Se -= 33 09 
per cent. ; M = 478]. 

Selenium benzoylacetone exists in two closely related varieties 
)ne becoming discoloured at 175“ and decomposing to a reddish- 
arown tar at 200“, the other not changing in colour below 207“ but 
nelting rather sharply at 210—212“. Selenium benzoylacetone 
m also obtained from silver benzoylacetone with selenium tetra- 
jhloride in chloroform solution, and in this preparation the formation 
>f cyriotriselenium bisbenzoylacetone was not noticed. Selenium 
)enzoylacetone had no enolic properties, was insoluble in caustic 
ilkalis, and inactive towards ferric and cupric compounds. When 
eft in contact with cold 5N-sodium hydroxide, it was decomposed, 
welding acetophenone and red selenium, but it remained unchanged 
or several hours in cold aqueous potassium metabisulphite. Aniline 
^nd phenylhydrazine decomposed the substance with elimination 
i selenium. 


Selenium benzoylacetone crystallises in elongated, six-sided 
ilates with a dome termination of 64“. The extinction is straight 
nd a positive bisectrix emerges normal to the plate : whether 
cute or obtiwe could not be determined with certainty. In any 

^e, the optic axial plane contains the morphological direction of 
longation. 


Cyano-^.seknium Benzoylacetone (Formula XIX). 

^en added to 8 c.c. of anhydrous hydrogen cyanide in 10 c.o. 
’ ”7 ether, 2-42 grams of selenium benzoylacetone dksolved in 
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two hours at the ordinary temperature. The solution, evaporate^ 
under reduced pressure, left a glue — probably an unstable cyaao 
hydrin — which then slowly evolved hydrogen cyanide and solidifig^ 
to a mass of colourless, brittle crystals having an odour of burnt 
rubber (yield quantitative). When recrystallised from 
petroleum (b. p. 40 — 100°), it separated in transparent needles 
softening at 68°, melting at 70° to a colourless liquid which reddened 
at 110° [Found : Se = 29“05; N = 5'33; M, cryoscopically in 
benzene (c = 0’901), — 250. CjiHgOgNSe requires Se 29-74 ■ 
N = 5*26 per cent., and M — 266]. 

Cyano-S-seUnium benzoyktcdone was also obtained quantitatively 
from cyc/otriselenium bisbenzoylacetone (pp. 2439, 2454). The finely 
powdered triselenium compound (0*655 gram) was left at O'" for 
eighteen hours in 3 c.c. of hydrogen cyanide and 3 c.c. of dry ether 
Red selenium separated and became transformed even at this lo^v 
temperature to the black variety (94 per cent.). The mixture was 
evaporated to dryness, and the residue dissolved in benzene, filtered 
from selenium, and concentrated to obtain the cyano-derivative 
(quantitative yield). The reaction takes place as follows : 

SesfCioHsOs)^ + 2HCN - 2CN-Se-C,oHA + Se. 

The cyano-compound was readily soluble in benzene or chloro- 
form, less soluble in carbon tetrachloride, and cry'stallised from these 
solvents on adding light petroleum; it dissolved in alcohol, but 
with slow decomposition. With cupric acetate, it at once gave 
the greenish-blue co'pper salt (m. p. 131°); with ferric chloride in 
aquo-alcoholic chloroform, enolisation set in after a few seconds, 
the liquid assuming an intense red shade. The cyano-compoiind 
was very sensitive to sunlight, selenium being eliminated. 

^^■Chlorobenzoylacetone, CgH 5 »CO*CCl!C(OH)‘CH 3 (product b, 
p. 2454). — The alcoholic mother-liquors from which selenium 
henzoylacetone and cyctotriselenium bisbenzoylacetone had 
separated were allowed to evaporate in air until a lachrymatory 
oil remained, which was freed from selenium by extraction with 
cold light petroleum. This extract was shaken with copper acetate 
in presence of chlorofonn, added to remove copper henzoylacetone. 

The light green copper chlorobenzoylaceione was collected, dried 
(16 grams), and decomposed by dilute sulphuric acid in presence 
of ether to take up the chlorobenzoylacetone. The ethereal layer 
was rapidly evaporated in a current of air and the residual solid 
quickly spread on porous tile, otherwise the product became liquid 
and was not rendered solid except by repeating the treatment with 
the copper salt. 

Chlorobenzoylacetone was .extremely soluble in organic solvents 
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and very difficult to crystallise ; it formed colourless needles melting 
indefinitely at 40-43® (Found : Cl = 17-65. C 10 H 9 O 2 CI requires 
Cl = 18-04 per cent.). This chlorinated P-diketone had a pungent 
lachrymatory odour and a considerable vapour pres.sure at the 
ordinary temperature. It was markedly enolic, giving a red, 
ferric coloration and the green copper salt. With ^p-nitrophcnyb 
hydrazine, it yielded a crystalline product. 

i.Ckloro-5{oT Sy phenyl - 1 -ip-nUrophenyl-3{or 5)-meihylpyrazole.~ 
Chlorobenzoylacetono (0-8 gram) was heated under reflux in 20 c.c. 
of absolute alcohol for one hour with an equal weight of p-iiitro- 
pbenylhydrazine and the solution concentrated to the crystallising 
point, when M grams of reddish- orange crystals were obtained. 
Successive crystallisation from alcohol and glacial acetic acid 
removed a red by-product and furnished the pyrazolc in pale orange 
needles or elongated plates melting at 156—158® (Found : N — 
13-76; Cl ^ 11*46. CigHiaOgNgCl requires ^7 13'40; Cl ^ 11-31 

per cent.). The homogeneity of the foregoing pyrazole suggests 
that chlorobenzoylacetone enolises only in one direction. 

Preparation of Halogenated ^-Dikdones from Copper Derivatives of 
the Dikelones. 

Dry copper benzoylacetonc was dissolved in chloroform and the 
ice-cold solution treated with dry chlorine until the precipitation 
of cupric chloride was complete. The filtrate, when evaporated, 
yielded an oil which on extraction with ether and treatment with 
ammoniacal copper acetate gave the copper derivative of chloro- 
benzoylacetone, from which the chloro-derivative was liberated by 
dilute mineral acid; crystallised from light petroleum, this specimen 
of chlorobenzoylacetone melted at 42—44® and was identical with 
that from the selenium tetrachloride reaction. 

Copper acetylacetonc, when similarly chlorinated, gave a chloro- 
acetylacetone identical with tliat obtained from selenium tetra- 
chloride and acetylacetone. This method of halogenation through 
the copper derivatives of the p- diketones is in all probability 
capable of considerable extension. 

Diselenium Bisbenzoylacdone (Formula XVI). 

1. Preparation from Sele7iiu7n Benzoyheetone . — One gram of 
powdered selenium benzoylaeetone was shaken for ten minutes with 
1 c.c. of 50 per cent, hydriodic acid, 100 c.c. of ether, and 30 grams 
of ice with gradual addition of 40 c.c. of A710-sodium thiosulphate 
to remove the liberated iodine. The ethereal layer on evaporation 
yielded orange crystals of di selenium bisbenzoylacetone ( 0*6 gram), 
^ out 0*2 gram of selenium ben^ylacetone being recovered 


un- 
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changed. Another experiment with 1’7 grams of selenium benzoyl, 
acetone gave 0*6 gram of unchanged material and 0*9 gram o( 
diselenium bisbenzoylacetone. By using comparatively diln^ 
hydriodic acid, very little benzoylacetone was produced. 

2, Preparation from cydoTriseknium Bisbenzoylacetone. — 0’5 Gram 
of the triselenium compound, when shaken at 0° with 0-5 c.c. of 
50 per cent, hydriodic acid (decolorised), 50 c.c. of ether, and 10 
grams of ice, gave selenium and iodine simultaneously, the latter 
being removed by iV/ 10- thiosulphate, added gradually. The 
ethereal layer, filtered from red selenium and a little unchanged 
triselenium compound, yielded 0*2 gram of diselenium bisbenzoyl. 
acetone. The product from either of the foregoing preparations 
closely resembled diselenium bisacetylacetone and crystallised in 
bright orange, six-sided prisms; it was quite insoluble in water 
and nearly so in alcohol, but dissolved 
readily in ether, chloroform, or cold 
benzene and more sparingly in boil- 
ing light petroleum, from which 
solvent it crystallised most readily; 
it softened at 65® and became liquid 
from 80—90® [Found; 0 = 49-88; 
H = 3*88; Se = 32*84; ilf, by cryo- 
scopic method in benzene (c = 
1*34), = 448. C 2 oHig 04 Se 2 requires 
0 = 49-95; H = 3*77; Se = 3296 
per cent. ; M — 480]. 

Diselenium bisbenzoylacetone dis- 
solved somewhat sparingly in cold 
rapidly decomposed, with elimin- 
ation of selenium and production of acetophenone, Ethereal 
alcoholic ferric chloride developed a violet-red coloration ; aqueous 
cupric acetate furnished a brownish -yellow copper derivative, 
insoluble in water but dissolving sparingly in* chloroform. With 
alcoholic phenylhydrazine, the diselenium compound reacted even 
in the cold; an intermediate salmon-pink compound w*as formed 
-which speedily generated red selenium, especially on warming. 

Diselenium Bisbenzoylacetone and its Isomorphism with DitMoUS’ 
benzoylacetone. 

The orange crystals of diselenium bisbenzoylacetone prove to be 
isomorphous with the corresponding dithio -com pound (see below). 
The system is orthorhombic with a : 6 : c = 0’7^1 : 1 : 0-4110, the 
forms developed being 6(010), fl(100),o{lll), and r{101), as illustrated 
by Fig. 6. Following are the resplts of measurement of two crystals, 


Fig. 6. 
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6(010). a (100). 0 ( 111 ). r(lOl). 

0° 0' 89° 68' *53° 43' 90° 32' 

900 90 0 *34 47 29 14 

Optically the crystals exhibit a strong dichroism when rest- 
ing on b (010), but not on a (100), the transmitted colours being deep 
orange for u-axis vibrations, and lemon-yellow for the b- and c-axes. 
The optic axial plane is c (001), but it was not possible to determine 
the several orientations of the two bisectrices. 

The dithio-analogue, prepared by the method of Vaillant {Bull. 
Soc. chim.y 1898, [iii], 19, 833), is only distinguishable from the 
diselenium compound by some form of measurement. The habit 
and forms are those of Fig. 6, the axial ratios being a : 6 : c = 
0*6929 : 1 : 0-3966. The close similarity of angles will be evident 
from a comparison of the preceding and the following tables. 

6(010). a (100). 0(111). r(lOl). 

<P 0° 0' 90° 0' *.75° 17' 90° IS' 

p 90 0 90 0 *34 51 29 48 

A good cleavage was observed parallel to b (010), through which 
emerges a positive acute bisectrix. The optic axial plane is c (001) 
and the angle quite v/ide. 

OH V.-PH<'C0-C„H5 

Selenium OC- Bisbenzoijlacetone, ^ n u- ^ ^CO-CHa * 

One gram of powdered selenium benzoylacetone, suspended in a 
solution of 3 grams of benzoylacetone in 20 c.c. of chloroform B.P., 
did not dissolve even after heating \mder reflux for five minutes, 
but on adding a speck of solid sodium hydroxide the selenium 
compound dissolved completely to a transparent, pale yellow solution. 
After wanning for ten minutes, the chloroform was evaporated under 
reduced pressure, when the residual oil solidified and was extracted 
with cold light petroleum to remove excess of benzoylacetone. The 
residue (O'o gram) crystallised from benzene and light petroleum in 
minute, white, inodorous prisms sintering at 100^, melting to a 
transparent liquid at 134 — 136'^, and decomposing at higher 
temperatures [Found : C ^ 59*72 ; H = 4’8o ; J/, by the ebuUio- 
scopic method in benzene (c = l-o83), ^ 437. C^H^gO^Se requires 
C — 59*83; H — 4*52 per cent. ; M ~ 401]. 

Selenium bisbenzoykiMone was only obtained in favourable yield 
when an excess of benzoylacetone was employed; an optimum 
result (0'55 gram) was obtained by adding a trace of sodium hydroxide 
to 0-55 gram of selenium benzoylacetone, 1‘5 grams of benzoyl- 
acetone, and 10 c.c, of chloroform B.P. after boiling for three 
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minutes. This his-compound was insoluble in water or 
petroleum, sparingly soluble in ether, alcohol, or cold benzene 
dissolving more readily in the hot solvent or in chloroform. It 
no acidic properties, was insoluble in cold 5A^'Sodium hydroxide 
although decomposing in contact with this reagent. It did not 
yield a copper derivative, and with ferric chloride in alcoholic 
chloroform solution the red coloration only developed slo^yiy 
On boiling with alcohol or any moist solvent, selenium bisbcnzoy]. 
acetone reverted to selenium benzoylacetone and benzoylacetone 
but the bis-compound crystallised unchanged from its solution ijj 
boiling benzene. 

1. Transformation of Selenium BenzoyUwetone into Selenium 
Acetylacetom . — Powdered selenium benzoylacetone (1 gram) 
remained undissolved in 8*5 grams of acetylacetone and 10 c.c. of 
pure ethyl alcohol even on refluxing, but the addition of a speck of 
solid sodium hydroxide induced complete solution to a pale yellow 
liquid, from which, after evaporating off the solvent, a yellow glue 
was obtained. Extraction with cold light petroleum remoTed 
benzoylacetone ; the cold alcoholic solution of the residue from the 
petroleum extraction deposited pale yellow selenium acetylacetone 
mixed 'ivith a smaller proportion of selenium benzoylacetone. 

2, Transformation of Selenium Acetylacetone into Selenium 
Benzoylacetone . — Selenium acetylacetone (1 gram) dissolved in a 
warm solution of 2*5 grams of benzoylacetone and 10 c.c. of chloro- 
form B.P., but only after adding a trace of sodium hydroxide. 
After removing the solvent, the glutinous residue, which contained 
unchanged benzoylacetone and selenium bisacetylacetone, was 
crystallised repeatedly from benzene and light petroleum in order 
to separate selenium bisbenzoy lace tone. This intermediate product 
was then converted into selenium benzoylacetone by boiling with 
alcohol. 

III. Action of Selenium Tetrachloride on 
C-Ethylacety la cetone and on its C of per 
Derivative. 

Several attempts were made to introduce seleniujn into the 
molecule of C-ethylacetylacetone by bringing together the tetra- 
chloride and the alkyl p* diketone in ethereal solution, but under 
these conditions the former acted as a chlorinating agent and the 
only recognisable products were selenium and 3-chloro-3-ethyl- 
«acetylacetone. 

(7-Ethylacetylacetone prepared by the action of ethyl iodide on 
sodium acetylacetone (Combes, Ann. Chim. Pkys., 1887, [vi], 12, 
247), obtain^ as a fragrant, pale yellow oil boiling at 177—180 , 
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was converted into its light blue copper derivative by treatment 
with copier acetate and sufficient ammonia or sodium hydroxide 
to neutralise the liberated acetic acid. This copper salt reacted with 
selenium tet^hloride in the presence of dry chloroform, and two 
organic selenium derivatives were obtained in accordance with the 
following equations, where K is the univalent radicle of the diketone. 

(1) SCuRg + 2SeCl4 = -f 2RC1 -f 2SeR2. 

(2) SCuRa + 4SeCl4 = SCuClg + 6RCI -f 2Se2R2. 

Employing four molecular proportions of copper C-ethylacetyl- 
acetone to three of selenium tetrachloride, an optimum total yield 
of the two products was obtained by adding rapidly 11*7 grams of 
dry copper C'-ethylacetylacetone to 6*2 grams of selenium tetra- 
chloride suspended in 50 c.c. of dehydrated chloroform B.P. at O'", 
After the mixture had been shaken at the ordinary temperature for 
one hour, the colour changed from intense greenish-black to greenish- 
brown and cupric chloride was precipitated. This chloride, when 
dissolved in water, left a small amount of red powder rapidly 
becoming jet black, which contained both copper and selenium but 
no organic material. 

The golden-yellow syrup left on evaporating the chloroform 
filtrate was dissolved in ethyl alcohol and the solution concentrated 
at the ordinary temperature, when 1*3 grams of selenium bM- 
ctkyluceiylucctoTic (XX) separated. The mother-liquor, stirred with 
more alcohol and left to evaporate, yielded O'O gram of yellow 
diseknium bis-C-eihylacetylacetone (XXI). Subsequent crops (1*8 
grams) consisted of mixtures of these two compounds. This mixture 
was rcdissolved in alcohol and the solution allowed to crystallise 
very slowly, so that large, prismatic crystals of the two compounds 
were obtained. The separation was in favourable cases effected 
by hand picking. The total yield of separated compounds was 
60 per cent, of the calculated amount, the product consisting of 
equal proportions of the two compounds. 

Ulenium bis-O-ethyhcetylacetone (formula XX) became the sole 
product on adding 2-2 grams of dry copper C-etliylacetylacetonc 
(- mols.) to 0*77 gram of selenium tetrachloride (1 mol.) in 20 c.c.' 
of chloroform B.P. The pale green filtrate from the precipitated 
cupnc chloride was shaken with ether and dilute sulphuric acid, and 
thc ethercal extract evaporated until 0*6 gram of the compound was 
^ cent.). Selenium bis-C-ethylacctylacetonc, 
oiys a ismg from alcohol in colourless, transparent, six-sided 
prisms or needles, was sparingly soluble in boiling water, from which 
t separated on cooling. It dissolved sparingly in light petroleum 
“lore readily in ether, benzene, or chloroform. The crystals 
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melted at 81—82^ to a transparent, colourless liquid which did not 
liberate selenium until about 200® [Found : G = 50*41 ; H = 6'8l ; 
Se = 23’36 ; M, by cryosoopic method in benzene (c = 1*96) = 296. 
Ci^HgASe requires C = 50*40; H=:6*65; Se = 23*75 per cent; 
M = 333]. 

Selenium bis-G-ethylacetylacetone was non-enolic and gave no 
coloration with aquo-alcoholic ferric chloride even on boiling; it 
was insoluble in cold 5 IV -sodium hydroxide, but slowly decomposed 
in this reagent with reddening, evolving an odour of methyl propyl 
ketone. With warm concentrated hydrochloric acid, the compound 
was decomposed liberating selenium ; it did not combine additively 
with bromine in chloroform solution, but was slowly decomposed 
by this halogen. It gave no reaction with aqueous potassium 
hydrogen sulphite, even on warming. 

The constitution of selenium C-ethylacetylacetone is confii’nied 
by its quantitative decomposition with 50 per cent, hydriodic acid 
in presence of ether into (7-ethylacetylacetone and selenium, the 
iodine set free being titrated ; 

+ 2HI = 2C7H12O2 + Se + I2. 

Diselenium bis-G-eihylacetylacetone (formula XXI), the less 
fusible and less soluble substance obtained by the interaction of 
selenium tetrachloride and copper G-cthylacetylacetone, became the 
sole product when the reagents were taken, respectively, in the 
proportions of 4 to 5 molecules : 7*8 grams of copper derivative 
were added all at once to 4*3 grams of tetrachloride in 40 c.c. of 
dried chloroform B.P. at 0®. After one hour, the filtrate from cupric 
chloride left on concentration an orange-coloured oil which, after 
mixing with alcohol, yielded on further evaporation 1*2 grams of 
the pure substance. 

Diseleniura bis-C-cthylacetylacetone crystallised from alcohol in 
lemon-yellow, six-sided needles or prisms; it melted at 117 118 , 
after softening at 1 16®, to a transparent, yellow liquid which reddened 
and rapidly decomposed at 210®. The compound was sparingly 
soluble in light petroleum, dissolving more freely in ether, benzene, 
or chloroform ; it was non-enolic, giving no coloration even on 
warming with aquo-alcoholic ferric chloride, and was insoluble m 
5iV- sodium hydroxide, but decomposed when left in this reagenti 
giving selenium and methyl propyl ketone. Decomposition also 
occurred with bromine in chloroform. With potassium hydrogen 
sulphite (2 to 4 molecules), it yielded C-ethylacetylacetone, selenium, 
and probably potassium selenodithionate. When the sulphite u’as 
in large excess no selenium was set free, the element dissolving 
jH»bably to form potassium sefenosulphate. 
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Diselenium bis C-ethylacetylaoetone waa decomposed quantita- 
tively by hydnodic acid in presence of ether into C-ethylacetvl 
^etone and rrf selenium : O'SOO gram of the substance gave 90 
per cent, of the calculated amount of free iodine as titrated bv 
thiosulphate [Found: C = 40'49, 40'94; H = 5-35, 5-50. ge = 
37’85; by cryoscopic method in benzene (c = 1'17) = Sfig 

(C,H„0,Se)2 requires C = 40-73 ; H = 5-38 ; Se = 38-39 per cent ■ 
jf = 412]. pcrceni., 


W. Action of Selenium Tetrachloride on Di- 
benzoylmethane and on its Copper Deriv- 

alive. 

Several attempts were made to introduce selenium into the 
molecule of dibenzoylmcthane by the interaction of the tetrachloride 
mi this aromatic p-diketone. In molecular proportions, the two 
reagents, employed m presence of dry ether, gave hydrogen chloride 
red selenium, and chlorodibenzoylmethane, the tetrachloride acting 
mainly as a chlorinating agent. With two molecular proportions 
of dibenzoylmethane, the yield of its chloro-derivative was almost 
quantitative, the amount of unchanged diketone being very smaU 
The reaction appeared to take the following course : 


(i) SeCli + 2Ph-CO-CH2-OOPh = 




Se + 2CHCl(COPh)2, 


The mtermediate compound was very unstable, either decom- 
posing as m equation (ii) or by slow access of moisture yielding a small 
proportion 0 an amorphous, pink powder which melted at 150- 
m and no longer contained chlorine. 

CUorodihenzoylmethan^, C.H^-CO-CHCl-CO-C.H,, was prepared 
s in he foregoing experiments and also by the interaction of 
molecu ar proportions of selenium tetrachloride and copper di- 
benzoylmethane ui dry chloroform B.P. (2 parts) : ^ 


SeCl, 


+ c<; 


-0-CPh:CH-COPh 

'‘■CPhlCH-COPh 


^ CuClj + Se + 2CHCl(COPh)2. 


» small aLiint^'^t'^ f selenium was introduced, and 

CUorrvi'h bisdibenzoylmethanc was obtained. 

00 I 0 S 2 nir'T'"’" ’“‘•‘yl alcohol in 

“dour It aromatic lachrymatory 

- -It had a considerable vapour pressure at the ordinary 



2464 MORGAN, DREW, AND BARKER : RESEARCHES ON 

temperature and melted without decomposition at 87 — 88® (Found : 
01 = 13-55. C 15 H 11 O 2 CI requires Cl = 13'71 per cent.). 

Chlorodibenzoylinethane was not markedly enolic, giving neither 
coloration with aquo -alcoholic ferric chloride nor copper derivative 
with ammoniacal copper acetate. It dissolved only slowly and 
sparingly in 5 A"-sodium hydroxide, hydrolysis occurring on warming 
with production of an odour resembling that of acetophenone. In 
these properties the chloro-derivativo resembles bromodibenzoyl- 
methane (ra. p. 93 ®), which is described as being non-enolic [Ber., 
1890, 23 , 3377; Anmlen, 1899, 308 , 247). 

Selenium Bisdibenzoylmethane (Formula XXIII). 

The yellowish-grccn copper salt of dibenzoylmethanc, precipitated 
quantitatively on shaking aqueous copper acetate with an ethereal 
solution of the diketone, was dried at 100 ® for use in the following 
experiments. 

(i) 3 Mols. of SeCl 4 : 4 mols, of copper salt,~T!o 2’0 grams of 
selenium tetrachloride, suspended in 20 c.c. of dehydrated chloro- 
form B.P. cooled to 0®, were added quicldy 6-2 grams of dry copper 
dibcnzoylmethane and 10 c.c. of chloroform. After one and a half 
hours, cupric chloride and a trace of red selenium were removed and 
the filtrate evaporated to a reddish-yellow paste, which was ex- 
tracted with warm alcohol to remove dibenzoylmethanc and its 
chloro- derivative. The red crystalline residue w*as recrystalliscd 
from ethyl acetate, when pale yellowish -white prisms of sdenkm 
bisdibenzoylmethane separated. 

(ii) 4 3Iols. of SeCl 4 : 5 mots, of copper sail.— Copper dibcnzoyl- 
nicthane (16*7 grams) and 5'7 grams of selenium tetrachloride were 
mixed in 75 c.c. of chloroform at 0® and after three and a half hours 
the filtrate from the precipitated cupric chloride was evaporated to 
remove solvent and the golden-yellow, syrupy residue seeded witli 
selenium bisdibenzoylmethane, left over-night, and the mixtmc of 
crystals and oil washed successively vvith cold alcohol {«) and ethyl 
acetate (6). The pale yellow, crystalline residue (2*7 grams) con- 
sisted of pure selenium bisdibenzoylmethane. The ethyl acetate 
extract (6) was evaporated, the residual syrup washed successively 
with cold alcohol (a) and ethyl acetate. The insoluble residue, 
consisting of selenium dibcnzoylmethane, a bright yellow powder 
(O -4 gram), was now insoluble in boiling ethyl acetate (distinction 
from selenium bisdibenzoylmethane). This product was suj- 
sequently obtained in larger amount and examined more complete) 
(p. 2466). The alcoholic extracts (a) from the foregoing separabon 
contained a considerable amoimt of chlorodibenzoylinethane mix 
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^vith dibenzoylmethane : the latter was removed in the form of its 
copper salt. 

Selenium bisdibenzoylmethane crystallised from dry ethyl 
acetate in large, yellowish-white, six-sided prisms softening at 
143° and melting at 150—152° to a transparent, yellow liquid 
(Found : C == 68 46 , H — 4-37 ; Se = 15’02. CaoHggO^Se requires 

= 68’53 ; H = 4‘22 ; Se = 15*07 per cent.). 

As proved by optical examination, the pseudo -orthorhombic 
crystals of selenium bisdibenzoylmethane are really monoclinic, but 
the imperfect nature of the reflections (due to curvature) do not 
permit a rigid geometrical proof. The elements, as obtained by a 
mutual adjustment of the poles of a gnomonic projection, are 
:r 1'07 : 1 : 0*75, p ~ 91|-°. The list of forms is a (100), 
^,i( 110 ), r (001), r (101), and i?(roi), the relative development being 


Fig. 7, 



that of Fig. 7. Following are the approximate angular values 
obtained from two crystals. ' 


wi(lIO). 

43'^ 

90 


a (100). 
90^ 
90 


t(OOl). 
ca. 90'" 

1 


r(lOl). 

90 == 

37 


i?(l01). 

90 " 


There is an imperfect cleavage parallel to a (100), through which 
an optic axis emerges very obliquely. Another optic axis is vtsible 
t rough r(OOl), so that the axial plane is A 35° extinction on 
» with the vertical edge) is another proof that the svstem is not 

orthorhombic. 

Prom diy benzene this selenium derivative crystallised in aggre- 
ga cs of minute, white needles containing one molecular proportion 
rf the solvent (Found: C',H, - 12-4S, C 3 „H,/),Se,C,H. rtquire.s 
r In spite of the combination with benzene, 

thie ^ determination by the ebullioscopic method in 

w satisfactory results for the solvent- 

c=l-7or,, if ^ 496; e = 2-o3T, if = 498, 
soHaUjSe requires M = 525-5. THs solvent of crystallisation is 
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removed at 100®, the needles crumbling into whito, skeletal form^ 
softening at 143® and melting to a yellow liquid at 150— 152“_ 
The compound dissolved sparingly in alcohol and more freely ii, 
benzene or chloroform ; insoluble in cold 5^-8odium hydroxide 
it was decomposed on boiling with elimination of selenium, an odour 
of acetophenone becoming appreciable. This selenium derivative 
was comparatively inert and stable ; it was not affected by cold 
potassium hydrogen sulphite and only very slowly on warming ; it 
gave no copper salt, and its chloroform solution mixed with aquo- 
alcoholic ferric chloride gave at first no coloration, but in a few 
seconds a red colour developed, the liquid becoming cloudy owing to 
formation of a dark precipitate. 

Selenium bisdibenzoylmethane was decomposed by warm 
concentrated hydrochloric acid, a small proportion of selenium 
separated, and this elimination was completed by the addition of 
sodium sulphite. Dilute hydriodic acid decomposed this selenium 
compound (0*4 gram) quantitatively, giving red selenium, dibenzoyl- 
methane, and free iodine equivalent to 13*7 c.c. of -A/^/lO-thiosulphate 
(calc., 15'2 C.C.). 

In connexion with the formation of selenium bisdibenzoylmethane, 
it is of interest to show how dependent the preparation is on the 
proportion of the two reagents. Molecular proportions of selenium 
tetrachloride and copper dibenzoyhn ethane led to viscid products, 
from which only a small amount of selenium dibenzoylmethane 
could be extracted. The optimum yield (42 per cent.) of selenium 
bisdibenzoylmethane was obtained by using 5*5 grams of selenium 
tetrachloride (2 mols.) and 19-0 grams of copper dibenzoylmethane 
(3 mols.) in 65 c.c. of dry chloroform B.P. at 0®. The filtrate from 
copper chloride, evaporated to a syrupy consistence, was covered 
with alcohol and seeded with crystals of the selenium compound, 
when the solution solidified. The alcoholic ethyl acetate washings 
of the crystalline precipitate contained chlorodibenzoylraetliane, 
the reaction having proceeded in accordance with equation a 
(p. 2441). 


Sdenium Dibenzoylmethane (Formula XXV). 

The optimum yield of selenium dibenzoylmethane was obtained as 
follows. To a cooled solution of 9'9 grams of selenium tetrachloride 
in 150 c.c. of chloroform B.P. were added quickly 28 ’5 grains of 
copper dibenzoylmethane, and the mixture was shaken at intervas 
for two and a half hours at the laboratory temperature. T e 
filtrate from copper chloride was evaporated until free from chlor^ 
form, the residual syrup stirred, left for twelve hours, and extract^ 
repeatedly with cold alcohol. • The remaining solid extrac 



residual afshtity and cO'OEdination. part IX. 2467 

^th cold ethyl a< 5 etate (a). The final residue-a primrose-yellow 
powder— contained the whole of the selenium bisdibenzoylmethane 
and selenium dibenzoylmethane isolated in this experiment; the 
two products were separated by making use of the comparative 
insoiubiUty of the latter in boiling ethyl aeetate. The yield of the 
Ijis-compound was 5 grams, that of the selenium dibenzoylmethane 
(m. p< 211 ) was 1 4 grams or 10 per cent, calculated on the selenium 

tetrachloride. 

Selenium dibenzoylmethane crystallised from benzene in lustrous, 
pale golden-yellow plates containing 2 molecules of benzene of 
crystallisation (Found : in air-dried specimens heated at 100® 
CfiH* = 20-57. C 3 oH 2 o 04 Se 2 , 2 CQHg requires CgHg - 20-58 per cent! 
Found: in benzene-free substance, C = 59’10, 59*79; H == 3*40 
3-49; Se = 25-63; M, in boiling benzene, = 583. €30112004862 
requires C = 59-75; H = 3*35; Se = 26*28 per cent. ; M -= 602). 
Selenium dibenzoylmethane was very sparingly soluble in boiling 
ethyl acetate and moderately soluble in benzene, dissolving readily 
in chloroform ; it yielded yellow solutions and when freed from 
benzene was obtained as a pale primrose-yellow powder melting 
sharply at 211® to a deep yellow liquid liberating selenium. The 
substance was not enolic and wa,s insoluble in cold 5 iV-sodium 
hydroxide, but decomposed on warming. It was stable to 15 per 
cent, hydrochloric acid and dissolved in concentrated sulphuric 
acid to an intensely scarlet solution, the colour disappearing on 
dilution. 

The ethyl acetate filtrate {a, above) was taken to dryness and the 
remaining solid extracted successively with cold alcohol and ethyl 
acetate. The pale orange-yellow residue was cyclotriseknium 
bisdibenzoylmethane, which reddened at 205® and 

melted at 220 ® vtith elimination of selenium ; it was very sparingly 
soluble in benzene, separating therefrom in minute, bright yellow 
prisms containing no solvent of crystallisation. It was non-enolic 
towards ferric chloride and almost insoluble in chloroform, being 
thus distinguished from selenium dibenzoylmethane. With 
hydriodic acid in presence of ether, the triselcnium compound 
yielded red selenium and orange diseknium bisdibenzoylmethane 
(XXVIII) identical with the product of the action of hydriodic acid 
on selenium dibenzoylmethane (p. 2442). 

JOiseknium Bisdibenzoylmethane (Formula XXVIII). 

This substance was obtained by the action of aqueous hydriodic 
on selenium dibenzoylmethane in the presence of a mixture of 
^ or and chloroform. In the absence of organic solvent, or in 
resence of chloroform alone, cold liqueous hydriodic acid had no 
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immediate action on powdered selenium dibenzoylm ethane, tut 
addition of ether caused instant liberation of iodine with ppQ, 
diiction of diselenium bisdibenzoylmeth^ne. The latter product, which 
remained partly in suspension and partly dissolved in the organic 
solvent, was rapidly separated, after removing free iodiac by 
shaking with an excess of aqueous sodium thiosulphate, P^q. 
longed contact with excess of hydriodic acid was found to cause 
complete reduction to red selenium and dibcnzoylin ethane. Pte 
crude orange product, which was very sensitive to boiling organic 
solvents, was purified by dissolving it in a little warm benzene and 
precipitating with light petroleum. 

Diselenium bisdibenzoylm ethane separated from a mixture of 
benzene and light petroleum in felted masses of slender, orange, 
yellow, prismatic needles, softening onwards from 104° and meltinir 
at 116—118°. It was readily soluble in chloroform or benzene 
and sparingly soluble in ether or petroleum. It possessed eiiolic 
properties, forming with cupric acetate an olive*green copper 
derivative soluble in chloroform, and giving a red coloration in a 
few seconds with ferric chloride {Found : C = 59 ‘47 ; H — 4'0(i. 
03 oHo 204 Se 2 requires C = 59*56; H = 3*67 per cent.). 

Cyaiioseleniujn DibenzoyhnetJiane (Formula XXI\ ). 

This substance was prepared either from selenium dibenzoyl- 
methane or from selenium bisdibenzoylmethane : 

(a) Powdered selenium dibenzoylmethane (0*8 gram), when left 
in contact with 10 c.c. of anhydrous hydrogen cyanide, dissolved in 
about three hours at laboratory temperature. After evaporation 
of the excess hydrogen cyanide, an oil was left, which soon became 
solid. The homogeneous product, cyanoselenium dibenzoyl- 
methane, was obtained in colourless, prismatic needles by crystallis- 
ation from a mixture of benzene and light petroleum (b. p. 40— 6fl ). 
The addition to the hydrogen cyanide of one-fifth of its volume of 
pure ether entirely inhibits the above reaction, the .selenium com- 
pound remaining undissolved. 

{b) Selenium bisdibenzoylmethane wa.s covered willi aiiliydinii^! 
hydrogen cyanide and lefHor two day.s at the temperature of tim 
laboratory. The solid dis.solved and was replaced by a heavy oil. 
The excess of hydrogen cyanide was removed by evaporation in 
a desiccator, when a solid mixture of dibenzoylmethane and 
cyanoselenium dibenzoylmetlianc was left. These products v\ere 
separated completely by dissolving the mixture in ether and shaking 
with aqueous cupric acetate. The dibenzoylmethane was precipi 
tated as its copper derivative, the whole of the cyanoseleniuin 
dibenzoylmethane remaining iif the ethereal layer. This pro nc 
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,vas identical with that obtained from selenium dibenzoylmethane. 
Xhe following equation represents the change : 

Cyanoselenium dibenzoylmethane closely resembled the corre- 
sponding derivatives from acetylacetone and benzoylacetone in 
appearance and odour, but differed from them in yielding no copper 
derivative with aqueous cupric acetate, although developing in a 
few minutes a blood-red coloration with ferric chloride. The 
compound softened slightly at 97 " and melted at 100 — 101 °; and 
was readily soluble in benzene or chloroform, moderately soluble in 
ether, and nearly insoluble in light petroleum. A cryoscopic 
determination of the molecular weight in benzene (c = 1-57) gave 

M = 323 (Found : Se = 23-60 ; N ^ 4-66. C " 

Se = 24-12 ; N = 4'27 per cent. ; M = 328 ), 


requires 


Transformations of Selenium Bisdibenzoyhnethane under the Influence 
of Heat. 


When selenium bisdibenzoylmethane was caused to melt by 
heating in an oH-bath, and the molten substance maintained for 
half an hour at 140—145°, dibenzoylmethane w^as eliminated and 
an equilibrium represented by the Mowing equation set up : 




COPh 

COPh- 


Cooling and examination of the mixture at this stage showed 
that about 50 per cent, of the original quantity of selenium bisdi- 
benzoylmethane had undergone transformation, and that the dimeric 
selenium product represented on the righl of the above equation 
consisted of \soseknium dibenzoylmethane together with a small 
proportion of selenium dibenzoylmethane. When, however, the 
temperature of the molten mass was allowed to rise above 150°, a 
further change set in, slowly at 155° and rapidly at 180°, whereby 
half the total amount of selenium present was set free with the 
formation of a new product, seUnium dehydrobkdibenzoylmethane . 
ihe latter reaction being irreversible, the whole of the selenium 
^^dibenzoylmethane was ultimately transformed in the sense of 
e 0 owing equation, the yields of products being quantitative : 


-f- + ^CH,<C0PH 

compounds, fsoselenium dibenzoylmethane and 
ahnvl^ dibenzoylmethane, when is^olated and separately heated 
leir melting points, gave identical products, selenium and 
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selenium dehydrobisdibenzoylmethane, in tbe proportions demanded 
by the equation : - 


(iii) Se 2 fC<^^^)^= Se + Se(C< 


^'OOFh\ 


(a) In an experiment designed for the examination of the inter 
mediate products, 3'99 grams of selenium bisdibenzoylmethane 
were heated for half an hour at 135 — 150® with stirring so that no 
selenium was set free. The yellow, viscous product was at once 
dissolved in chloroform and the liquid shaken with aqueous cupric 
acetate, 0*956 gram of copper dibenzoyhnethane being obtained 
The chloroform layer, on evaporation, left a yellow crystalline powder 
which contained ^>oselenium dibenzoylmethane and unchanged 
selenium bisdibenzoylme thane. Part of the former product was 
removed by fractional crystallisation from ethyl acetate; the 
mother-liquors were evaporated, the residues again heated, and 
treated as described above. In this manner, total amounts of 
1*59 grams of copper dibenzoylmethane and 0*93 gram of pure iso- 
selenium dibenzoylmethane were accumulated. A proportion of 
unchanged selenium bisdibenzoylmethane was still present in the 
final fractions. 

In a further experiment, selenium bisdibenzoylmethane was 
melted and heated at 146® for forty-five minutes. After separation 
of dibenzoylmethane and isoselenium dibenzoylmethane, the residual 
portion was examined by fractional crystallisation from ethyl 
acetate and benzene, when unchanged selenium bisdibenzoylmethane 
and a very small quantity of selenium dibenzoylmethane were 
isolated. These products were obtained in a state of purity and 
compared with analysec^ specimens. 

isoSelenium dibenzoylmethane (formula XXVI) separated from 
ethyl acetate in rosettes of pale golden-yellow needles or flakes, 
which melted at 175 — 176® with elimination of icd selenium. The 
mixed melting point with the isomeric selenimu dibenzoylmethane 
showed marked depression. 

An cbullioscopic determination of the molecular weight in benzene 
(c ~ r344) gave M = 576 (Found : C ~ 59*61 ; H = 3‘32. 
^ 30 ^ 20 ^ 4 S ®2 requires C — 59*75 ; H = 3*35 per cent. ; M - 602). 
The compound was rather sparingly soluble in ethyl acetate, less 
soluble in ether, but readily soluble in benzene or chloroform. It 
possessed no acid or enolic pictperties and did not give a coloration 
with ferric chloride. The behaviour of this compound when 
treated with hydrogen cyanide or with a mixture of aqueous hydr* 
iodic acid and ether was characteristic and quite different from 
that of its isomeride, selenium dibenzoylmethane (p. 2467); one 
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atom of selenium waa set free and selenium dehydrobisdibenzoyl- 
methane was produced. These reactions were catalytic, the 
hydrogen cyanide or hydriodio acid remaining unchanged. ' 
i^oSelenium dibenzoylmethane underwent the same ' trans- 
formation when heated to melting. 

{b) In the following experiment the quantitative nature of the 
completed change (equation ii, p. 2469) was examined. Selenium 
bisdibenzoylmethane (3’00 grams) was heated from 160^^ to 185® 
during two and a half hours, no change of weight occurring; and 
the resulting orange glue, which solidified on cooling, was dissolved 
in chloroform and filtered from grey selenium. The chloroform 
filtrate was shaken with an excess of aqueous cupric acetate and the 
precipitated copper dibenzoylmethane collected. The chloroform 
layer, separated and aUowed to evaporate, left an orange cryst^e 
mass of selenium dehydrobisdibenzoylmethane, which was washed 
with a little cold ethyl acetate, dried, and weighed. 


Found 
Calc, .. 


Weight of free 
Belenium. 
0-230 gram, 
0-226 „ 


^ , VVeight of selenium 

\yeight of copper dehydrobisdi. 
dibenzoylmethane, benzoylmethane. 
1-251 grams. 1-321 grams, 

„ 1.494 


Sdmium dehydrobisdibenzoylmetJuine (formula XXVII) separated 
from ethyl acetate in smaU, refractive, bright orange crystals 
meltmg without decomposition at 190—191®. Ebullioscopic 
determinations of the molecular weight in benzene gave M ^ 484 
(c = 0-941), 449 (c 1-536) (Found : C = 68*77; H = 4*22; 
Se = 14-66. CgoHj^O^Se requires C = 68*79; H = 3*85* Se = 
lo’13 per cent. ; = 523). 


The exceedingly small crystals of selenium dehydrobisdibenzoyl- 
methane gave very poor reflections on the goniometer owing to 
face-curvatnre and the elements were therefore evaluated 
graphically; although only approximate, they are sufficient to 
characterise the substance. The system is monoelinie with 

^ P ~ I’te development is that 

indicated m pilan by Fig. 8 and from a general point of view by 
tig. 9, the forms being c (001), a (100), a- (310), o (111), and p (111) 
Mowing are the mean results obtained from the largest crystal 
(03 mm. diameter) : ^ 


❖ 

p 


.T (310), 

a (100). 

c (001). 

0(111), 

P(Ill). 

551'* 

90^ 

ca. 90“ 

31“ 

339“ 

90 

00 

10“ 

00 

59 


inis T ‘ bisectrix is 

ixk ■ ^ ‘'b*' vertical in the acute angle p. j\n optic 

« visible through e(001). DiVmion, abnormaUy s 
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P> V. The compound was insoluble in water, moderately soi^^ig 
in ethyl acetate, and readily soluble in ether, benzene, or chloroform 
It formed intensely yellow solutions in organic media. The 
noteworthy characteristic of this substance was its marked inertup 


to chemical reagents : it showed no acidic or enolic properties 
being insoluble in cold oiY-sodium hydroxide and not reacting 
ferric chloride or cupric acetate; it was unaffected by boilim, 
concentrated hydrochloric acid, alkali bisulphites, ethereal aque^ 
hydriodic acid, or ethereal hydrocyanic acid; and was recoveK(i 
unchanged after heating at 220^^ with calcium hydride. It 


readily decomposed, however, by warm 50 per cent, potash with 
liberation of selenium and the production of acetophenone; it 
dissolved in cold concentrated sulphuric acid to a scarlet solution 
being reprecipitated by the addition of water. The constitution 


Fig. 8, 


Fig. 9. 



ascribed to selenium dehydrobisdibenzoylmethane was substantiated 
by reducing the compound with sodium amalgam in moist ethyl 
alcoholic suspension. Red selenium w^as set free, the odour of 
acetophenone was generated, and dibenzoyimethane (separated as 
its copper derivative) and benzoic acid w^ere isolated from the 
solufcioil in a pure condition. This result indicated initial reduction 
of the selenium compound to the expected products, dibenzoyi- 
methane and selenium, followed by partial hydrolysis of the former 
in the presence of alkali. 

Selenium dehydrobisdibenzoylmethane was also produced by 
heating selenium dibeozoyhne thane or woselenium dibenzo)^- 
methane. Thus, 0T44 gram of selenium dibenzoyimethane, heated 
from 140® to 215® during ninety minutes, gave 0*019 gram of grey 
selenium and 0*124 gram of selenium dehydrobisdibenzoylmethane 
(calculated, 00189 gram and 0-125 gram, respectively);^'** 
0-114 gram of tsoselenium dibenzoyimethane, heated to 180’ duiinj 
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a similar period, gave 0*0156 gram of grey selenium and 0*0992 gram 
of selenium dehydrobisdibenzoylmethane (calculated, 0*0150 gram 
and 0*0990 gram, respectively). 

Further methods of preparing selenium dehydro bisdibenzoyl- 
metbane consisted in shading powdered fsoseienium dibenzoyb 
methane with a mixture of ether and aqueous hydriodic acid, the 
transformation being unaccompanied by the liberation of iodine; 
and in leaving iVoselenium dibenzoylmethane in contact with a 
large excess of anhydrous hydrogen cyanide for two days at the 
laboratory tempera^ire. In these changes, an atom of selenium 
was liberated. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 

investigation. 
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CCXCIV . — The Properties of Ammonium Nitrate. Part 
lY. The Reciprocal Salt-pair , Ammonium Nitrate 
and Sodium Chloride. 


By Edgar Philip Perman. 

The system ammonium nitrate and sodium chloride is best con- 
sidered as a special case of th*e reciprocal salt-pairs, NH NO 4- 
NaCl^-NH^Ci + NaNOg, with the assumption that the reacting 


salts need not be in molecular proportions. 

The ammonium nitrate is by far the most easily fusible of these 
salts, and readily acts a solvent for the others, -thus- aUowins 
with very simple apparatus, the investigation of problems which 
worid otherwise require metallic crucibles, furnaces, and pyrometers 
the problem of studying the chemical equilibrium in these, salt- 
pairs may be divided into three parts : (1) Making the solutions 
fused salts. (2). Goofing the mixture and observing the tem- 
perature when crystallisation begins. (3) Finding the nature of 
the crystals separating from the fused mass. 

(1) The solutions \vere made as described in Part III (Early 
P' “i^tures of high 

decomfn^*+^ ^ ojhbath was found necessary in order to avoid 
vo^exx^ at^tnonium nitrate by local heating. 

4p 
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(2) The method of finding the crystallising point is described 
in Part III. An alternative method is worthy of mention, namely 
that of cooling curves, of which examples are shown in Fjg j 
A slight arrest is shown at the crystallising point with ammoniino 
nitrate and 6 per cent, of ammonium chloride, and a slight arrest 
followed by a very marked one, with 11 per cent, of chloride, the 
latter being the freezing point of the eutectic mixture. The freezing 
points of such mixtures are alw'ays very well defined and can be. 
more accurately determined in this w ay than by observing the 
formation of crystals. 

Fio, 1. 

Cooli'fvg curves. 



(3) The nature of the crystals separating was at first judged 
from w'hat seemed most probable, a break in the melting-point 
curve indicating a change in the solid phase. The general diagram 
embodying the whole of the results was of great assistance in this 
matter. That these surmises were correct, has since been proved 
by an independent analytical method to be described in another 
paper. Analyses were made of the salts separating in each of the 
areas shown in the general diagram, and the results in every 
corresponded with those given, with only a small ex^rimen a 
error. It should be noted that ternary mixtures may give cur^'fs 
not in accordance with the usual rules for two pure substances, an 
therefore great care must bb teken in their interpretation. 
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Bimy Systms.—T^heae were investigated first ; they are ; 
\miiioDium nitrate and sodium nitrate, showing a eutectic at 
.>0d per cent, of NaNOg, freezing point 12^. 

^^^inmonium nitrate and ammonium chloride, shoving a eutectic 
t I2d per cent, of NH4CI, freezing point 14^. 

^ ^(Klium nitrate and sodium chloride, showing a eutectic at 4-8 per 
>ent. of NaCl, freezing point 304°. 

Ammonium chloride and sodium chloride, unknown. 

The first of these is described and illustrated in Part 111. 


Fig. 2, 


Ammoniuitv 7tUrate aimiwnium chloride. 



The second system is shown in Fig. 2. The most noteworthy 
point is the steepness of the right-hand branch. There arc several 
secondary arrests at the eutectic temperature. 

The third was determined somewhat roughly; it shows no 
special characteristics . 

The fourth cannot be measured at the ordinary pressure owing 
to the volatilisation and dissociation of the ammonium chloride. 

In addition to those, it will be shown later that ammonium 
diluride and sodium nitrate can <‘xi^t in eciuilibrium together 
'vith liquid and vapour, thus forming 'a fifth binary system. 

4 p2 
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Ternary Butectics . — There are two, a primary at 112 4^ tijg 
lowest freezing point observed in the whple of the experiment 
and a secondary at 133°. The former was found by addin' 
ammonium chloride to the ammonium lutrateHsodium j^trate 
eutectic, and was repeatedly observed as a secondary (or tertiarvt 
arrest. The latter was near the second depression obtained oji 
adding sodium nitrate to the ammonium nitrate-ammonimj^ 
chloride eutectic and was definitely settled by the boundary 
of the sodium chloride, sodium nitrate, and ammonium chloride 
areas. 

General Diagram , — It was necessary to put all results together 
on a general plan. A reciprocal salt-pair is really a ternary system 


Fig. 3. 



but since there are four radicals, the most convenient plan is a 
square, each corner of which represents one of the four salts in the 
system. This was devised independently, but was used by Janeckc 
in 1908 (Z. physikal Chem,, 64, 305). The ratios Na/Na + KHj 
(sodium to total base) and Cl jCi + NQ3 (chlorine to total add 
radical) are plotted as abscissae and ordinates respectively. The 
whole system in outline is shown in Fig. 3. B^, are the 

binary eutectic points in the order already given. The area actually 
investigated (in the left-hand bottom corner) forms a very small 
portion of the whole, the rest requiring unworkable temperatuKs. 
To fill in the details as far as possible a number of mixtures of 
ammonium nitrate with sodium nitrate or ammonium chloride 
were made, and sodium cfiloride was added in increasing prt>- 
portions. The meiting-pointVurves of most of these mixtures show 
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jjjee branches. That for ammonium nitrate and sodium chloride 
really a ternary mixture) may Be taken as typical (Fig. 4) and 
■bows several points of interest. Starting from the first bend, 
ia a line of secondary arrests running down to the tertiary 
3 oint 112°- extreme right, sodium chloride eviden% 

irystallises out first (it always came down as a fine powder), but 
it did not appear in the tertiary eutectic ; it was concluded, there- 
fore that it underwent double decomposition with the fused salt, 


Fig, 4. 

Ammonium nitrate -p sodium chloride. 



lie change taking place approximately at 133°. The sodium 
•hloride is thus replaced by ammonium chloride. 

The general diagram (Fig, 6) was then constructed by reading 
:he concentrations of the various salts, at intervals of every 
romeach melting-point curve, calculating the ratios, Na/Na + NH^ 
ind Cl/Cl 4- NOg for each point, and plotting them on the diagram, 
The points from each curve were then joined up (necessarily forming 
I straight line), and points showing the same temperature were 
loined, forming a system of isothermals or lines of equal melting 
point, The diagram is a projection of ^ the surface of a solid, and 
llie surface may be reconstructed mentally, temperatures being 
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measured upwards from a horizontal base. The whole of 
experimental results are giren in an appendix. 
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nitrate, ammonium nitrate and ammonium chloride, sodium 
nitrate and ammonium chloride, sodium nitrate and sodium chloride 
iimnonium chloride and sodium chloride. ’ 

There are two ternary systems in equilibrium (together with 
iquid and vapour) : Ammonium nitrate, sodium nitrate, and 
unmonium chloride, and a subsidiary and less stable system 
jodium nitrate, ammonium chloride, and sodium chloride. ’ 
On cooling a mi.xture corresponding with a point in any one of 
he areas, except the sodium chloride, the composition of the 
iquid will move towards one of the binary eutectics, then along 
hat to the ternary point, 112°; secondary and tertiary arreste 
il temperature illustrating this point were obtained repeatedly 
f however, the starting point is in the sodium chloride area, if 
:i the shaded portions (Fig. .2), the composition will move first' to 
ne of the binaries enclosing that region, then to the ternary point 
it will not remain there, however, but travel towards T 
■here it will finaUy stop. On the other hand, if the starting point 
1 outside the shaded area, it will stop at T^, since there will not 
e enough ammonium nitrate to complete the double decora- 
osition. Janecke (loc. cit.) has classified the equiUbrium systems 
hen no isomorphous mixtures or double compounds are formed’ 
:cording to the position of the ternary points in the square. The 
isc now described is evidently one of them, namely, 2, b 
>5”, ammonium nitrate undergoes a transformation from the* S 
I the « form ; this will therefore make a fifth area, and a sub- 
diary ternary point, The distinction i.s not well marked in 
lese experiments, only one curve showing it ; this is due probablv 
' the lag in the transformation. ^ 

From the nature of the mclting-jKiint curves and from the general 
agram, it may be concluded, therefore, that no isomorphous 
ixtures or double salts are formed. 

Ihe following systems of salt-pairs are also under investigation ; 


[a) Ml, NO, -1- KCl — NH,C1 -i- KXO3. 

(i) 2NH,N03 + Na,SO, 1= (NH,),SO, -f 2NaNO,. 

(0 2NH,NO, -f K,.SO, (NH^),SO, 2KNO,. 

System (u) shows one ternary point at 134-5°, and mixed crystals 
amjmnm nitrate and pota-ssiura nitrate; (6) shows a ternary 
r c I M ’ crystals of ammonium nitrate and ammon- 

t-JL f mixtures. Some systems of reciprocal 

feurl- mixtures have been worked out 
pa^r**' ' proposed to deal j^ith the whole question in 
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Summary. 

' ( 1 ) The freezing point of ammonium nitrate ia lowered fro 

\^K' ■ ^ 

y (a) to 141® by the addition of ammonium chloride; 

( 6 ) „ 121 ® by the addition of sodium nitrate ; 

' (c) ,,‘ 112 ® by the addition of sodium nitrate and ammonium 
chloride. 

(2) An equilibrium diagram is given for the system 

NH 4 NO 3 + NaCl NaNOg + NH 4 CI. 

This exhibits a ternary point at 133® for NaCl, NaNOj, aad 
NH 4 CI and a ternary eutectic at 112 ® for NH 4 NO 3 , NaNO. aad 
NH4CI. 

(3) No isomorphous mixtures or double salts are formed. 

Most of this work was carried out at Guy’s Hospital Medical 
School at the suggestion' of Professor Lowry, to whom I am greatly 
indebted for kindly advice and criticism, and for facilitating the 
investigation in every way. I wish also to thank Mr. S. PhilipsoD 
and Mr. J. W. Farmery for valuable assistance in the experimentai 
work. 

Appendix. 

Freezing Points of Binary Muiures. 

NH 4 NO 3 + NaNOj. See Part III {he. cii.). 
Addition of NH 4 CI to NH 4 NO 3 (Fig. 2). 


NH*C1 1-9 3-0 4-4 6-0 8-1 90 \m 

F. pt 164-9" 161-5" 158-8“ 155-2“ 150- 2“ 147-6" UW 

Arrest — • — — — — — — 

NH 4 CI 11-0 12.1 12-2 13-0 14-0 14-5 14-3*; 

F. pt 143-2" 140-9" 141-2" 146-5° 1.55-6" 162-9" l70r 

Arrest 140-7° 1411" 141-3" 141-4" 141-0" 140-9" ~ 

Addition of NaCl to NaNOg. 

NaCl 0-0 2-4 4-8 5-9 Wi 

F.pt 312-0" 308-0'" 304-0" 332-0" 380-5“: 


The freezing point falls to 304®, sodium nitrate separating, tki 
rises rapidly, with separation of sodium chloride. 

Freezing Points of Ternary Mixtures. 

{a) Addition of NaCl to NaNOj + 12*1 per cent. NH 4 CI. 


NaCl 0 0 0-06 0-13 0-88 1-00 2-23 2 -SO H2/, 

F.pt 141-0° 140-4" 141-0" 145-5" 152-5" 15.5-0" 159-5" 

Arrest 141-0" — 140-5" 138-5° 135 -5“ 134-5° 132-5" 


The freezing point (of ^mmonium chloride) rises continuoBsif 
and the arrest (separation ef ammonium nitrate and ammoni# 
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jhJoride) falls continuously from the eutectic temperature at 

[4r. 


(i) Addition of NaCl to NaNOj + 9-5 per cent. NH^CL 


S^aCl .. 
F. pt. - 
irresfc ■ 


0«0 0-84 1-43 3-09 3-58 4-54 5-31 

148-0'’ 143-5'’ 140-5“ 140-0“ 142-5“ 148-0'’ 153-0“ 

— — — 133-0° 132-5“ 133-5'’ 


7-05% 

lee-s® 


The freezing point (of ammonium nitrate) falls from 148” to 
137 '’ and then rises when ammonium chloride separates instead; 
•he horizontal arrest at 133” is an anomaly which has not been 
explained. 


(c) Addition of KaCl to NH^NOa + 6-92 per cent. NH^Ci 
6-0 7-0 


VaCl 
F. pt- 


0-0 2-0 4-0 6-0 7-0 8-0 9-0 lO-O"/ 

155-4“ 142-4“ 131-4“ 138-0“ 144-0“ 150-2“ 155-7“ 163-0'^'’ 


The freezing point (of ammonium nitrate) falls to 130” and then 
-ises (separation of ammonium chloride). 


[d] 

S'aCl 

F.pt. 


Addition of NaCl to NH 4 NO 3 -{- 4-09 per cent. NH^CI, 


00 2-0 4-0 6-0 8-0 10-0 

1640“ 148-8“ 137-5“ 128-8“ 135-8“ 144-9“ 
(mia.) 


12 - 0 % 

156-2'' 


The freezing point falls to 129° and then rises as in (c). 


(e) Addition of NaCl to NH^NOg (Fig. 4 ). 


iaCl.. 

jrest 


20 4-0 6-0 7-0 8 0 lO'O 12-0 14-0 H'S® 15-0 16% 

157-9* 146-4 1S5*1 129-7* 123-6® 129-9“ 137-1“ 143-8“ 153*6“ 161-7“ 172^“ 

_ ^ _ __ 


(/) Addition of NaCl to NH 4 NO 3 + 5-3 per cent. NaNOg. 

faQ... 2-0 4-0 6-0 8-0 10-0 12-0 12-5 13-0 13-5 14-0%. 

I’, pt.... 145-3° 134-6° 123-3“ 124-0“ 132-5° 140-4° 146-4“ 154-5“ 160-0° 171-3“ 


The freezing point falls to 120°, then rises to 141°, after which 
odium chloride separates as in (e). 


[g) Addition of NaCl to NH^NOy + 9 -o per cent. NaNOg. 

2-0 4-0 C-0 8-0 10-0 10-5 11-0 

135-5° 124-5° 114-7“ 124-0° 133-5° 136-5“ 142-2“ 

(min.) 


12-0% 

157-7“ 


The freezing point falls to 115°, tlien rises to 137°, after which 
odium chloride separates as in (e). 


[h] Addition of NaCl to NH.NOg + 13-3 i>er cent. NaNO,. 


aCl , 
. pt. , 
rrest. 


0-00 M3 2-47 4-69 

136-5“ 130-0“ 123‘0“ 113-5“ 


5-00 

112-5* 

112-0“ 


5-12 6-84 8-22 9-74 10-20 10-45 U-2S% 

ILVie 1-21-5* 128- 1.34-5“ 144-0“ 147-0* 164-5“ 
113-5“ 113-5“ 113-0“ — — 113-0“ 113-0“ 


The freezing point (of ammonium nitrate) falls to 113°, then 
ises (separation of sodium nitrate, j|ot of ammonium chloride) to 

4p* * 
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185°, after which sodium chloride separates. The arrest poi f, 
Me due to the crystallisation of the ternary eutectic. ^ 


(*) Addition of NaCl to NH 4 NO 3 + 17 per cent. NaNOg. 

0-00 2-00 4-07 6-00 8-00 10-00 

F. pt 127-0° 119-3° 118-2° 127-4“ 133-8° 158-1“ 


1050";, 

167-3'^" 


The freezing point (of ammonium nitrate) falls to 116°, then 
rises (separation of sodium nitrate) to UO'', after which sodium 
chloride separates. 


U) 

NaCl . 

r. pt. 

Arrest . 


Addition of NaCl to NH 1 NO 3 4- 20' 1 per cent. NaNOj (euteetic) 

, 0-50 0-9fl 1-42 1-96 2-91 3-85 4-76 6-34 8-2G 9-00 9.50 

120-7“ 119-7'’ 119-7'’ 121-5* 136-0'’ 129.2“ 133-2'’ 140-4“ - 153-0“ 1C4 

“ — 118-3“ 118 0'’ llS-5“ 113-7“ IIS-S* 777-6“ 77J-:" J 


The freezing point (of ammonium nitrate) falls slightly to 119 - 7 ‘> 
then rises (separation of sodium nitrate) to 149°, then sodium 
chloride separates. The arrest (separation of sodium nitrate with 
ammonium nitrate) falls progressively from 119° to the ternarv 
eutectic at 112 °. ^ 


(i:) Addition of NaCl to NH^N 03 ^ 25*1 per cent. NaNOj. 


NaCl 0-0 2-0 

F. pt 132-0° 138-4° 


The freezing point (of sodium 


4-0 6-0 7-0 7-780' 

144-9° 151-2° 155-4° 160-2°'“ 

nitrate) rises progressively. 


{l) Addition of NaNO, to NHjNOj + 12-1 
(eutectic). 


per cent. NH^Cl 


se 3-0“ 

F. pt 158-1* lar-o* 

Arrest ~ .135-3“ 

NalfO, 16-0 16-9 

F. pfc. 134-4“ 1.34-7“ 

Arrest 115-2“ 112-2“ 


4.4 

C-1 

CR 

7-2 

7-R 

8-4 

135-7“ 

134-0“ 

133-0“ 

132-5“ 

132-7“ 

133-5‘ 

132-2“ 

— 

129-4“ 

128-8“ 

— 

1-27-6' 

20-0 

21-0 

23P. 

24-3 

27-0 

29-9 

— 

1340“ 

133-4“ 

1.33-5“ 

140-4“ 

147-8“ 


— 

112 - 1 * 

— 

— 

— 


9-9 12-0 13-8% 

133-9“ 134-6“ 134-8“ 
126-5“ — 

33-1% 

165-4“ 


The freezing point of the binary eutectic falls from 141° to 132°, 
rises to a shallow maximum at 135° and falls again to 133°; it 
then rises rapidly (separation of sodium chloride). The arrest 
falls progressively from 141° to the ternary eutectic at 112°. 


(m) Addition of NH^CI to NH 4 NO 3 + 20*1 per cent. KaNO^ 
(eutectic). 


NH^Cl 0-00 2-00 4-00 5-10 6-75 8-92 10-05 11-98 13-54 15-00% 

F. pt. 121-3” 117-5° 114-2° 112-5° 122-5° 131-5° 134-5° 139-5° 148 5° 159-5* 
(min.) 

— 112-5° 113-0° 112'5° 113-0° — — 


Arrest 


The freezing point of the binary eutectic falls from 121 ° to the 
ternary eutectic at 112*5° (separation of ammonium nitrate), after 
which it rises (separation of ammonium chloride). As this section 
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q{ the diagram passes through the ternary eutectic, this gives very 
^vell marked arrests. 


00 
NaCl 
F. IJt' 


Addition of NaCl to NH 4 NO 3 + 1'81 per cent. NH^CL 

0-0 8-20 8-85 9-61 I0-4a l3-04'>4 

i65*2 " 128-3" i 3M" i33-r 135-7" 145-1" 


Ternary Points. —The readings obtained for the ternary eutectics 


were as follow i 


Curve {e} 111*5* 112*0*. 

Curve {k) 112*0* 113-5* 113-5* 113-0* 113-0° 113 0*. 
Curve O') 112*2* 112*0* 111*6* 112-2“ 112*0“. 
Curved 112*2*112*1°. 

Curve {m) 112-5* 113*0° 112-5° 113-0°. 


The mean of these values is 112*4°. 


Cmversitv Colueue, 
Cardiff. 


[Ucceived, May *60th, 1922.] 


CCXCV . — The Propagation of Explosion Waves in 
Gases Contained in Tubes of Varying Cross-section. 

By Colin Campbell. 

The movements of the flames produced during the explosion of 
gaseous mixtures have been studied photographically by von 
Oettingen , Lc Chatelier, Dixon, and others . Most of the experiments 
described by these investigators were conducted in tubes of unifonn 
diameter; in other experiments, where the diameter altered, it 
did so gradually and only to a small extent. 

The present investigation is an attempt to photograph explosion 
flames in difierent gaseous mixtures as these flames j>ass along lube-s 
which are abruptly constricted or enlarged. Before describing 
the experiments, it is necessary, Iiowcver, to refer briefl}* to some 
previously discovered characteristics of explosion wa\'es in uniform 
tubes. 

1. The velocity of the detonation wave in any given gaseous 
mixture is independent of the material composing the tube (Ber- 
thelot— see Dixon, Phil. Trans., 1893, [.4], 184, 99). Thus tubes 
of glass, metal, or rubber give approximately equal rates. 

2 . When a detonation wave meets the further, closed, end of 
the containing tube a wave of compression is sent back through 
the burning gases (Dixon, ibid., 1903, [^], 200 , 326). The velocity 
of this compression wave is approximately equal to that of a sound 

in the hot gases under the samejconditions, 

4p*2 
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3. The velocity of the detonation wave is affected by the presence 

of a flexible junction (say of rubber) between two parts of the 
At such a junction, the flame is damped down and takes some tim 
to recover its original speed (Dixon, ibid., p. 335). ^ 

4. It has also been found (author’s unpublished resultg) 
the diameter of the containing tube has some influence on tie 
velocity of the detonation wave. With rapid mixtures, for example 
C 2 N 2 H~ Og, the difference in the rates observed in tubes of 0 
and 19 mm., respectively, is small. If, however, a diluent gasi^ 
added and the rate consequently lowered, the difference in the rates 
observed in the two tubes becomes very considerable, for example in 
the mixture CgNg + Og + 2 N 2 the rates for the 6'5 mm. and I9m'm 
tubes are, respectively, 2161 and 2238 metres per sec. 

The present research may be conveniently divided into four 
sections, according as an explosion wave passes from one tube into 
(1) another tube of smaller diameter — “normal-narrow”; (2)^ 
narrower tube and thence to a third of diameter equal to the fct- 
“ nonnal-narrow-normal ” ; (3) a wider tube — “normal-wide"- 
(4) a wider tube and then to one of original diameter— “ nomiat 
wide-normal.” 

By a “ normal ” tube must be understood one in which the dia- 
meter is sufficient, but not greatly in excess of that required, to 
allow the detonation wave, travelling in any particular mixture, 
to assume its maximum velocity. On comparing the rates of sevemi 
mixtures in tubes of different diameters, it was seen that a tube of 
about 10 mm. diameter would satisfy the conditions for a normal 
tube (Table I). Accordingly, tubes of diameter 10 mm. to 16 mm. 
were chosen as normal tubes. 


Table I. 

Velocities of explosion waves in tubes of different diameters. 


Mixture. 

2H, -fO, 

-f" 4O2 

2H, + O 2 -f 3Nj .... 

C2N2 + 0, -{-.2N3 . 


6 mm. 

9 mm. 

12' 7 mm. 

15 m 



2821 

— 

2828 

— 

1927 

1921 


— 

2055 


2089 

2161 

2230 

2230 

— 


As far as possible the tubes were constructed entirely of ^ 
and the different portions of the tube were fused together at tl 
common junction. In all cases this junction was so con8tniet( 
that the change in diameter was very abrupt and not a grad® 
widening or narrowing. In the case of very wide tubes, it was m 
possible to construct them all in one piece and a special 
(described later) had to be adopted in order to overcome this dif 
culty without introducing aiiy flexible joint. In some experiment 
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very wide tube was made trf stout glass tubing, whilst in others 
letal tubes were used the leiulte did not indicate any difference 
1 the behayjour of the flames due to these differences in material. 
1 each series el experiments to normal tube was joined to a length 
everal metres) le^ pipe of the same diameter; this lead pipe 
uried a spaiking'-piece and brass tap at its further end. The 
jtial movement cff the flame preceding the formation of the 
jtonation wave to<A place in the lead pipe, and the flame which 
itered the glass tube was quite steady— in fact the detonation 
ave itself. 

The movements of the flames were analysed on a rapidly moving 
heel carrying a photographic film— like the apparatus described 
a previous research (Proc. Roy. Soc., 1914, [A], 90, 606). Slight 
terations were made in the method of driving the wheel and in 
le addition of a device for timing its speed. The explosion tubes 
ere placed horizontally and the flames traversed them from left 
, right. The film was moving vertically downwards at the point 
here it received the image of the flame ; the photographs, therefore 
low lines which are compounded of two velocities at right angles 
id in every case the print of the film indicates a line starting from 
le right-hand bottom comer and inclined at an angle to the hori- 
intal. In most of the experiments the flame in the normal tube 
visible and its velocity known ; the speed of the wheel can there- 
re be calculated. In all the photographs thin , dark, vertical lines 
ipear; these are caused by strips of black paper fastened across 
le front of the tubes at distances of 10 cm., measured from the 
action of the two tubes. These lines serve as reference marks 
id are useful in measuring the photographs. In order to obtain 
le same width of flame in two tubes of different diametere, black 
iper was fastened round both tubes, leaving at the front only a 
irizontal opening of equal width along the whole length of tube 
lotographed. 

I. ‘‘ Nomal-narrow.'' 


bince the detonation wave is tlie wave of maximum velocity 
Inch can traverse a particular gaseous mi.xture at a definite tem- 
OTture and pressure, a sudden diminution in the diameter of the 

Wk™/ increase in velocity unless one 

Doth of these factors are altered. It is possible that the increased 
ml pressure exerted by the walls of the tube might cause an 
we This effect is likely to be very small, however, 

L nM? ’ that the 

01 the detonation wave in one particular gaseous mixture was 

bm metres per sec. 

he imtial pressure was raised *om 600 mm. to 1600 mm. 
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It is more probable that a decrease in velocity should occur 
to the great cooling effect of the walls of the tube*-especially in tho^ie 
cases where the diameter is very small. It is conceivable that the 
two effects— one of increase of velocity and one of decrease-^might 
compensate one another in the case of one particular mixture 
hut it is unlikely that it would happen in a number of different 
mixtures. 

Accordingly, five different gaseous mixtures were used in four 
different tubes {named series A, B, C, D respectively). In Table II 
the dimensions of the tubes used in these experiments are given 
and in Table III the results of the various experiments. 


Series. 

A 

h 

C 

]) 


Table II. 

Dimensions of tubes. 

Normal tube. Narrow tube, 

Diam. in mm. Diam. in mm. Length in pm. 


1ft 

15 

10 

O'.’) 


3ft 

33 

;« 


Table III. 


Series. No. 
A 1 
2 
ft 
4 


Mixture. 

2 H 2 30s 

CsNs + Os -r 2 Ns 
2 Hs + ftOj 
2Hs + 30s 

Hs4-0, 

Hs + 0. 

2 Hs + 30s 
2 Hs -T- 30a 
2 H 2 ftOs 
3CSs + 60a 
3CSs + 6 O 3 

2 Hj 30s 
3CS, 4- ftOj 

CjN, -f Os + Ns 

CjN, ^ Os + Ns 
OjNs 4* Os “h 2Xa 
2Hs + SOj 
CjNs + Os + 2 Ns 
2 H 5 4- 30a 

2Hs 4- 30a 

2Hj ^ ftOs 
C,N, 4- O, -4 2Ns 


Change in rate 
At junction. 
None 


Remarks. 

Tube shattered. 

Cork maintaitied in 
position. 


None 


Slight increase "I ppQjjg^I^Ie obstruction 
>» ” j in the lead pipe, 

None 


Nono 


Slight lncrea.se Tube shattered. 
Nono 

Slight increase Tul>e shattered, 
None 

None 

Slight decrease Tiil>e shatterwL 


In most of the experiments, the explosion wave had the s«e 
velocity in the normal and the narrow tubes. In ‘ “ 

the tube was shattered ; thii may account for the apparent dec 
in velocity of the flame whe» it had traversed about 10 cm. 



gases contained in tubes of Varying cro.ss*section 2487 

narrow tube. In those few experiments where there was an increase 
in velocity at the junction (see Table III), the initial flame was not 
constant, but was increasing in speed as it approached the junction 
It is probable that the detonation wave had been damped down by 
some slight obstruction in the lead tube and had not again reached 
its maximum velocity when it was photographed. At the junction 
the high pressure produced initiated a wave-probably the detona 
tion wave-in the narrow tube, and also gave an intense return 
wave in the partly burnt and still burning gases in the normal 
tube (B 4). 

It is established, therefore, that when a detonation wave travellinir 
in a tube of uniform diameter, suddenly enters a much narrowra 
tube, there is no appreciable change in velocity at the junction. 
In the mixtures used, the detonation wave can traverse at least 
30 cm. of glass tubing 5 mm. or more in diameter. 

Attention must also be directed to a slower secondary wave which 
follows the detonation wave starting from the junction and movine 
towards the end of the narrow tube (see photograph A 3) It is 
probably a wave of compression and is caused by forward movine 
gas m the wake of the detonation wave increasing the pressure at 
the junction. This pressure tends to release itself— forward in 
the narrow tube and backwards in the wider tube. Since the vas 
is already moving forward in the narrow tube, but is almrat 
stationaiyin the wide tube, the forward wave moves faster than the 
backward wave. 

The return wave of compression produced w-hen the initial 
detonation wave collides with the cork, is clearly seen in all the 
photographs. In some cases, it is slightly curved, owing to the 
moyements of the gas en masse, but in most cases is quite stmiuht— 
indicating a constant velocity. In Table IV, the nieasureLnts 
of the tangents of the angles which the reflected waves in the normal 

and narrow tubes make with the horizontal are compared. 


Mixture. 

4 - 30 , 

SeSj -f- 50, 
^2^2 -f- -f Nj 


Table IV. 


Tangents of angles of return wave in 


Photo. 

Normal tube. 

Narrow tube. 

A 1 

0*33 

0-36 

A 3 

A 4 

C 6 

0*33 

0-32 

0-34 

0*34 

0-36 

C H 

0-35 

0-37 

B 6 

0-44 

0*45 

B 7 

0-41 

0-46 

C 2 

, 0-37 

0*40 

C 3 

C4 

s 0-26 
' 0-28 

0*27 

0-30 
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Tke individual- values depend on the velocity of the photograpiij(j 
wheel as well as on the velocities of the flames, but the table brings 
out the fact that the return wave in the normal tube is more rapid 
than that in the narrow tube — the velocities of these waves being 
inversely proportional to the tangents of the angles. This difference 
in velocity may be due to the fact that in the normal tube the gag 
is. almost stationary, whereas in the narrow tube it is still moving 
forward towards the closed end. Also, the narrow tube may 
cool the gas more rapidly than the normal tube. 

II. NorTml-mrrow-nomal.** 

It has been shown by Le Chatelier (Ann. Mine^, 1883, 4 , 319 ^ 
that a mixture of methane and air (containing 10‘4 per cent, of 
the former) will not propagate a flame in glass tubes of 3-2 mm. 
diameter, and that metal tubes prevent the propagation more 
effectively than glass tubes of the same diameter. Payman and 
Wheeler (T., 1918, 113, 656) have shown that 2 cm. of brass tubbg 
(of diameter up to 8 mm.) will prevent a slow flame in a mixture 
of methane and air from spreading into a second wide vessel. If 
the flame was allowed to attain a somewhat higher velocity (that is, 
by permitting it to travel a greater length in the wider vessel before 
it met the narrow tube), a greater length of brass tubing was required 
to prevent it spreading into the second vessel. The flames used 
in these experiments were moving with a velocity less than 100 cm. 
per second and therefore the cooling effect of the wails of the vessel 
was considerable. 

In the experiments described in this paper, the flames were 
travelling with a velocity of more than 2000 metres per second; the 
temperature of the gases was raised more suddenly than in Payman 
and Wheeler’s experiments, and the time of passage of the flame 
much shorter. It is not surprising, therefore, to find that the 
detonation waves in various mixtures of gases can traverse quite 
considerable distances along a very narrow tube and spread into 
a second wide vessel. The tubes used were constructed entirely 
of glass, the two end {“ norfnal ”) tubes being fused to the central 
(“narrow”) tube. The normal tubes were of equal diameter, 
approximately 16 mm., in all the experiments. One of them was 
joined to a lead coil (of equal bore), at the far end of which the gases 
were fired ; the other normal tube was varied in length between 
19 cm. and 31 cm. The central (narrow) tube was varied in both 
length and diameter, as the following table shows. 

In all these experiments the mixture 2 H 2 + 3 O 2 was employed 
This particular one was chosen because, whilst it gave a fairly 
good light, the pressures prrW.uced did not shatter the apparatus 
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‘ Table V. 

Pimensions of tubes used in “ nonnal-narrow-normal.” 


Narrow tube. 


Series. 

E 

F 

G 

H 

J 

K 


Diam. (mm.). Length (cm.). 
5’5 4'5 

5-5 9-0 

5-5 190 

2'0 21-0 

2-0 32-5 

1*5 40-5 


2nd normal tube. 
Length (cm.), 
24 

27 - 5—31 

31 

19 

23-5 

23-7 


as often as the less diluted but more actinic mixtures would have 
done. The end of the tubes was closed by a tightly fitting cork 
which was usually allowed to blow out; a few experiments were 
performed with the cork held firmly in position ; this made little 
difference, if any, to the general phenomena observed. 

In experiment E 1 (photograph reproduced), the detonation 
wave, traveilmg at uniform speed, collided with the junction wall 
(at li) through which the narrow tube continued. Here an intense 
wave of reflection was sent back, but the original wave passed 
through the narrow tube with unchanged velocity. At the second 
junction, the wave became much less luminous and travelled for- 
ward at a velocity which appeared almost constant, but was much 
less than the velocity of the original wave. At a point about 

21'5 cm. from -fv,, the flame was checked and an intense wave 

possibly of reflexion-passed back through the burning gases 
This retnm wave appears to have been caused by a wave of com- 
pression which had preceded the flame and had suffered reflexion 
: from the cork-situated 24 cm. from At the point of collision 
between the pressure- wave and flame, the latter continued to advance 
towards the cork, which was finaUy forced out. 

The return wave in the burning gases was nearly constant in 
velocity and where it collided with the junction wall at A, the 
AtT™^ great-suggestive of a very high pressure. 

‘Is journey into and through the 
narrow tube and part was again reflected. 

This photograph (E 1) is similar to many others taken in tubes 

Lr:" fP" dimensions. Photogra^ E 1 

firmly fixed in position. The 

recrossedTv w t and was crossed and 

and fr™ pressure-reflected in turn from the cork 

narrIwTube "fiddly 

the velocity oUhe flair‘s S" ^ Weciably affect 

When Z HI dame in this narrow, tube (F and G experiments). 
When the diamet^ of the narrow -tube was reduced to 2 mm t 
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the amount of light given out was very small and few good 
graphs were obtained. The wave in this narrow tube still appg ^ 
constant in velocity even when it traversed a length of 30 
With further increase in length (to 40*5 era,) and further dimii 


cm. 

inution 


in diameter (to 1*5 mm.), no good photograph was obtained K 
the flame passed through the narrow portion and ignited the 
in the further tube. ^ 

The velocities of the retarded flames in the end tube can 
calculated from the velocity in the centre tube and from the measure 
ments of the angles formed by these flames in the photograph' 
The velocity of the flame in the centre tube is assumed to be that 
of the detonation wave in the mixture used ( 2 H 2 -f SOg) and ' 
probably about 2120 m. per sec. 

The values of tan a and tan p (in Table VI) are calculated from 
the measurements of the angles (in the photographs) formed bv 
the flame in the narrow and normal (end) tubes respectively. 


Table VL 

Measurement of angles made by flame edges. 

. Velo ci t y of retarded 

Experiment. Tan 0 . Tan ;8. Tan B flame in m. per ’jeo. 

E 1 

013 

0-03 

0-25 

.530 

E 2 

J, 

0-52 

0 - 2 r> 

.^30 

F 1 


0 44 

0-29 

filO 

F 3 

J J 

0-54 

0-24 

610 

F « 


0-51 

0-25 

630 

F 7 


0-,50 

0-26 

560 

F 8 

J, 

0-49 

0-27 

580 

F 


0-60 

0-20 

560 

G 1 


044 

0-29 

610 

G 2 

014 

0-48 

0-29 

610 

H 1 

0-13 

0-70 

0-19 

Mean 560 

410 

J 2 

0-1. 

0-74 

0-20 

430 

J 3 

U-14 

0-72 

0-20 

430 


Mean 420 


These results appear to indicate that where the expansion at 
^2 is from a 5 mm. tube to a 10 mm. tube the velocity of tk 
retarded flame is about 560 m. per second, but where the expan- 
sion is greater (that is, from 2 mm. to 10 mm.) the retarded flame 
is slower, namely, 420 m, per second. 

We may summarise the results of experiments in norma l-narrow- 
normal tubes as follows : 

1. An explosion wave in the mixture 2 H 2 -f 302 pass from 
a normal through a narrow and into a second normal tube. In 
glass tubes, the middle scciflon may be as narrow as 1‘5 mm. and 
flames will pass through a l^gth of at least 40 cm. of this narroff 
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Table VIT, 

Measureinents of flame angles. 
Mixture 2 H 2 -f SOg. 


Retarded flame in 



Diam. of wide Initial wave. 

1st 10 cm. 

2nd 10 cm. 

3rd 10 cm. 

Kxpt. 

tube in mm. 

Tan a. 

Tan 

Tan 02- 

Tan 0s. 

L 1 

22 

0 15 

0-37 

0-37 


L2 

V 3* 

22 

22 

01 6 

0-36 

0-37 

* 1 ;; 

0-37 

M 1 

3ft 

0-16 

0-50 

0-57 

0-57 

M2 

35 

0-17 

0-52 

0-52 

0-52 

01 

62 

0-15 

0-68 

0-85 


02 

62 

0-13 

0-66 

0-67 

0-G7 

03 

62 


0-C8 

0-69 


Q 1 

85 

0*13 

0-5.5 



Q2 

85 

0-12 

0-60 



Q3 

8ft 

0 -U 

— 



Q4 

85 

0-15 

— 



Oft 

85 

0-12 

0-61 



H3 

91 

0-16 

0-78 t 

0-78 t 


Bft 

91 


0-75 f 

0-75 t 



* L' 3. Length of wide tube ^ 70 cm, 
t J^fean values of 20 cm. 


Mixture -f O2 + ^^2. 






Retarded flame 

in 


Diam. of wide Initial wave. 

Ist 10 cm. 2nd 10 cm. 

3rd 10 cm. 

Expt. 

tube in mm. 

Tan a. 

Tan 

. Tail 

Tan ^3. 

L3 

22 

0-15 

0-45 

0-60 

_ 

L4 

22 

0-16 

0*47 

0-59 

0-61 

L5 

22 

0*15 

0-43 


0-67 

Lf) 

22 

0-16 

0-45 

0-64 

0*70 

L^l* 

22 


0-46 

0*58 

0*69 

M3 

35 

0-16 

0-55 

0-78 

0-85 

N1 

45 

016 

0-65 

0-79 

0-81 

X2 

45 

— 

0-C2 

11 


P2 

65 

0-12 

0-65 

0-94 


R1 

91 

0-16 

0-86 

0-97 


R2 

91 

0*14 

0-84 

1*14 


R'l* 

91 


0-89 

0-91 

MO 


* Length of wide tube in L' J and R' 1 70 cm. 


tube, The luminosity of the flames is small in these verj’ narrow 
tubes. 

2. The explosion wave in a tube of diameter not less than 2-0 mra. 
suffers no appreciable change in velocity over a length of at least 
30 cm. 

3. The explosion wave suffers a diminution in velocity when it 
enters the end tube, and this retarded*flame is preceded bv a wave 
of compression. 
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m. “ NwTMd^ider 


The experimenta in II have shown that a considerable retardaf 
of the flame occurs at the point where the flame, having travelJeJ 
through a very narrow tube, suddenly debouches into a wider tube 
The experiments to be described here, show that the detonation 
wave itself, travelling in a tube 10 mm. in diameter, is simiiaH 
retarded at the junction (^) with a much wider tube (photogranh 
LI). Photographs have been obtained of this retarded flame “ 
tubes, the narrow part of which was always 10 mm. wide, whereas 
the wide part differed in diameter. Since .some of the flames after 
retardation were not constant in velocity, the angles made by these 
flames in each 10 cm. section of the wide tube {counting from the 
junction) have been measured separately and are called Pj, p ^ 
respectively (Table VII). Except where indicated, the wide tube 
was approximately 30 cm. long. 

From the mean values of tan a and tan p, and from the known 
values of the initial explosion waves in the two mixtures, the 
velocities of the retarded flames have been calculated {Table VIII) 


Table VIIL 


Mixture. 

Velocity of Retarded Flame. 

Diom. of wide 

tube in mm. Mean tan o. Jfcan tan 

Velocity of 
flame ia m. 
per sec. 

2H, -f SOs 

22 

0-16 

0-37 

890 

,, 

35 

0-165 

0-54 

640 


62 

0-135 

0-67 

430 


85 

0-125 

0-60 

450 


91 

016 

0-78 

440 

CjN, -f 0, + 2N, 

22 

0-16 

Mean tan Si- 
0-60 

590 


35 

0-16 

0-78 

455 


65 

0-12 

0-80 * 

340 


91 

0-15 

1-06 

310 


• This frgiiro is mean (tan jSj tan j8-)/2 because the flame edge is curved. 


The results show the very great retardation produced at the 
j unction . The velocity of the retarded wave is apparently dependent 
on the particular explosive mixture used and on the relative dia* 
meters of the wide and the narrow tube. Under the conditions of 
these experiments, the 91 ram, tube appears to cause very little 
more retardation than a C5 mm. tube, and a limit has probably 
been reached. 

It may be assumed that the gases in the wave -front {continuously 
fired by adiabatic compression) are at a very high temperature 
and pressure. At the junction, the great lateral pressure exerted 
by the sides of the tube is Vuddenly removed, the hot gases ai? 
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to expand in every direction and are consequently cooled. 
The phenomenon may be compared with the expansionHhrough 
a nozzle of a gaa under pressure. The greater the differonce' in 
the diameters of the normal and narrow tubes, the greater will 

the expansion and consequent retardation of the flame. Experi* 
ments performed in wide tubes of greater length than 30 cm. show 
that the retardation of the flame at the junction is the same as for a 
shorter tube of the same diameter ; a few photographs, taken further 
along a tube 70 cm. in length, show that the flame is again gathering 
speed and is probably on the way to set up the explosion wave once 
more. 

The means adopted to close the end of the tube did not affect 
the amount of retardation of the flame. This was shown by experi- 
ments where the end was closed by a cork or rubber stopper loosely 
iuserted or firmly inserted, by a metal disk lightly cemented over 
the end, or even by a piece of paper gummed over the end. In 
those experiments where a rubber stopper was tightly inserted 
and consequently less air was drawn into the tube, the mixture 
remained luminous for a longer time. 

A few experiments were performed at pressures less than atmo- 
spheric. In two experiments at 370 mm. pressure, the flame in 
the mixture 2 H 2 + SOg did not travel very far in the 10 mm. tube, 
whereas at 500 mm. the flame was visible and the stopper violently 
ejected, but no photograph was obtained. With the mixture 
2 H 2 + Og, the flame died out in the 10 mm. tube when the pressure 
was 270 mm., but at 400 mm. pressure the explosion wave — probable 
velocity 2800 metres per second — was retarded at the junction 
as in the experiments at atmospheric pressure. The retarded 
flame had a velocity in the 91 mm, tube of about oOO metres per 
second. 

In photograph L 6, the retarded flame is seen to have been checked 
at a point 26 cm. from the junction the stopper of the tube 
being 3*5 cm. further on. In another experiment where the advanc- 
ing flame was still slower, it was stopped at a point 22 cm. from the 
junction, the stopper being 9 cm. further on. It is believed that 
this checking of the flame is caused by a wave of pressure which 
has preceded the retarded flame, has been reflected from the closed 
end of the tube, ajid on its return journey has checked the flame 
and become visible in the hot gases behind the wave -front. 
An attempt has been made to calculate the velocity of this 
pressure-wave in different experiments, assuming (1) that the 
pressure-wave starts its independent existence at the junction, 
and (2) that it is reflected from the stopper without loss of velocity — 
a condition which may only obtain with waves of small amplitude. 



Fig. L 6a. 
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In Fig. h 6a (taken from L 6), the line CX represents the probabl 
course traced by the pressure- wave as it advanees from the juncti ^ 
C, meets the end of the tube at X, md is reflected along XO 

liding with the retarded flame at a 
The angles CXM and MXG are made 
equal, and therefore the position of M 
and consequently of X, can be deter! 
mined from measurements of the photo 
graph. It can be shown that MGjXM^ 
tan a, and also that Fp = (tan 
ai)Fp, where Fp = velocity of the pres- 
sure-wave, Fp = velocity of the initial 
flame, and ot the angle between the 
initial flame and the horizontal. 

In Table IX, values of Fp in different 
experiments have been calculated from 
measurements of the corresponding 
photographs by means of the above 
formula. 



Table IX. 

Velocities of pressure -waves. 
Mixture 2 H 2 + SOo. 
Diam, of m kIo 


P^xpt. 

tube ill mra. 

Tail 0 . 

Tan Bj. 

I V in 111 . 

[>er sec. 

\ 

L I 

22 

0-15 

035 

610 

L3 



0-32 

980 


U 1 

3o 

01 6 

0-40 

840 ' 

\ or- 

M2 

,, 

0165 


870 


01 

62 

005 

o-'is 

(uO 1 


0 2 

,, 

0-14 

0-46 

040 

j 045 

03 

Mixture C 2 N 2 -|- O 2 

0-47 

-f 2 N 2 . 

030 J 


L.3 

22 

Ul.j 

0-43 

780'! 


L4 . 

,, 

UJ6 

0-44 

800 ( 

- 800 

L5 

,, 

0-15 

0-42 

790 j 

L6 

,, 

0-16 

0‘43 

820 j 


M3 

3.1 


051 

090 

090 

N 1 

45 


0‘58 

0101 

■ 610 

N2 




010 J 

P2 

65 

o’is 

o-or> 

510 

510 

R1 

1)1 


0-70 

480 1 

470 

R2 

,, 


0‘71 

400 / 


The velocity of sound in the mixture 2 H 2 + SOg at 16^ is about 
410 in. per second calculated by the Laplace formula, the value 
of y being assumed to be L40., The value of y for cyanogen probably 
lies between the limits 1 *25 *and 1 *30, giving values of y for Hie 
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mixtiu® C 3 N 2 +O 2 + 2 N 2 of 1-36 or 1-37. Calculated on the 
latter value, the velocity of sound in this mixture is about 306 m. 

second. The velocities of the pressure -waves in the preceding 
^bles are seen to be much faster than the velocity of sound in the 
same mixture. Where the diameters of the wide and the narrow 
tubes are very different, the pressure-wave appears to move about 
jO per cent, faster than the sound wave ; where the diameters arc 
more nearly alike, the pressure-wave is a concussion wave of which 
the velocity is more than double that of sound. If these pressurc- 
\raves lose velocity on reflexion, as stated by Crussard [VOnde 
^ Choc, p- 34), their velocities will be higher than the values given 
[ji Table IX. 

When a quite narrow tube— 3 mm. in diameter— debouches into 
a wider tube of 16 mm. diameter, the pressure-wave produced in 
the latter travels at about 640 m. per second (mixture BHj SOg)— 
a value which is near the rate found in experiments 0 1 , 0 2, 0 3 
(Table IX). 

The course followed by the wave of pressure after its collision 
with the flame is seen to advantage in photograph L 6 (Fig. L 6a). 
The wave proceeded from left to right through the burning gases 
at nearly constant velocity until it reached the junction, where it 
was almost completely reflected; in its return journey toward.s 
(he end of the tube, it overtook the flame front, helped it along, 
and was again reflected from the stopper. Similar phenomena 
were observed in experiments with different mixtuies and under, 
different conditions. Measurements of the velocities of these waves 
of pressure were made in nineteen different experiments, and a 
number of deductions of a general character arc possible. It was 
found, of course, that the velocity of the wave moving in the burning 
gases (for example, GH in Fig. L 6a) was very much greater than 
the calculated velocity of the pressure-wave (in the cold gases) which 
produced it [CX or XG). Higher values of CX gave higher values 
jr GH, but this relationship only held for each single mixture, 
it H, part of the pressure- wave W'as reflcctec^ but in almost every 
a.se there was a considerable loss of velocity at this point. This 
5 SS was most noticeable where the difference in the diameters of 
he wide and the normal tube was small; where the junction 
pproximated to an unpierced disk, the reflexion of the pressure- 
we was almost complete. The gas itself was, almost certainly, 
n violent motion and the velocity of the pressure-w'ave moving 
u this gas would be increased or diminished by the direction and 
imouut of the movement of the medium. The velocity of the 
jtessure-wave would also be dependent on the temperature of the 
ftmc through which it was passing and this temperature would 
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vary, not only with the mixture, but also with the cooling (by 
expansion) at the junction. 

IV. “ ^orinal-wide-norinul.^ 

A number of experiments were performed in tubes containing 
a central (“\vide”) portion between two narrower (“normal") 
portions. The central portion was about 12 cm. long and 47 muj 
in internal diameter. The end portions were 10 mm. in diwneter, 
one end being fitted to the lead tube and firing-piece and the other 
being closed in the usual way. Three different mixtures used, 
namely, 3CS2 + 5O2, 2H2 + 3O2, and 2H2 + ^2* case, 

the initial explosion wave was retarded at the first junction (|j) 
(see photograph S 4— mixture 2H2 + Og) and moved with almost 
constant velocity through the central wide tube. In the SCSg -f 50j 
mixture, the retarded flame soon gathered speed again. At the 
second junction (^2) there was a great increase in the intensity of 
the light. The wide portion of the tube was so short that the retarded 
flame and the pressure-wave which preceded it were reflected from 
(I2) at almost the same instant, and it was impossible to distinguish 
their separate effects. A very rapid flame goes forward from (jj 
in the end tube. This appears to be the detonation wave, which 
has been re-started at the junction (^2)* 

Summary. 

The following general conclusions can be drawn from all the 
experiments with the different tubes : 

(а) An explosion wave does not change its velocity appreciably 
when it passes into a narrow tube, whether this narrow tube is 
closed at the further end or whether it opens again into a wider 
tube. The distance over which this flame can travel will probably 
depend on the material of the tube, but very narrow glass tubes 
(about 2 mm. in diameter) will allow the flame in the mixture 
2H2 + 30-2 to travel at least 40 cm. without appreciable retardation. 

(б) An explosion flame is suddenly retarded at any point where 
a sudden expansion of hot gases may occur. In some gaseous 
mixtures, this flame then moves at a fairly constant velocity for 
some distance; in others, it continues to be retarded. ProbaWy 
it finally gains speed and reproduces the detonation wave^ J 
retardation of a detonation wave as it passes through a e.xi 
joint between two rigid tubes (as recorded by Dixon, Phil 
1903, [Al 200, 334) is probably duo to a sudden expansion at 
junction. Where the joint is smooth and rigid and 

equal diameter, no expansion occurs, and therefore no rc ar 
takes place. 
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(c) The retarded flame is preceded by a compression wave, 
jjjoje or less rapid according as the expansion has been small or 
great, and this, after collision with the closed end of the tube, is 
^fiected and checks the advancing flame, 
l^d) The rates of the retarded flame and of the preceding pressure - 
wave are dependent on the gaseous mixture, the relative sizes of 
the diffareiil' portions of the tube, and possibly the initial pressure. 
The greater the difference between the diameters of the two portions 
of the containing tube, the less the velocities of the retarded flame 
and of the preceding pressure-wave in any one mixture. These 
velocities reach a lower limit in a very wide tube. 

, Experimental. 

The Tubes —In experiments with tubes of diameter less than 
mm., these tubes were made entirely of glass, the different 
sections being fused together. When the diameter exceeded 65 mm., 
several kinds of tubes were employed. In the earlier experiments, 
a tube of mild steel was used ; it was open at one end and closed 
at the other except for a central hole of 10 mm. diameter. A steel 
ferrule projected outwards from this end-plate, and the narrow tube 
was cemented into this ferrule. A window of plate -glass covered 
a horizontal slot (10 mm. wide), cut out of the steel tube, and the 
window was fixed in position by cement. Since the window was 
displaced by each explosion, this steel tube was replaced, in later 
experiments, by a very thick-walled glass tube. One end was fitted 
with a steel end-plate and ferrule as described above; this cnd- 
plate was clamped to a steel annulus (which fitted over the far end 
of the tube) by strong bolts and nuts and the whole apparatus was 
supported in a wooden frame. A thin layer of cement between the 
metal end-plates and the glass tube rendered the apparatus air-tight. 

The tubes were filled with the explosive mixture in different ways, 
according to their shape and construction. Where they were of 
small diameter, the air was displaced by a rapid stream of the 
explosive mixture, the cork being inserted while the gas was still 
passing. With wider tubes, the.se were tightly stoppered, rapidly 
evacuated to 15 mm. pressure with a Fleuss pump, and filled with 
gas, this operation being repeated three times in rapid .succession. 

The Gases . — The cyanogen was prepared from dried mercuric 
cyanide. It was mixed with dry nitrogen and oxygen obtained 
ffom cylinders of the compressed gases, and the mixture w’as stored 
in a gas holder over mercury. The hydrogen-oxygen mixtures were 
stored over water and pas.sed directly into the explosion tube. 
The moisture present lowered the detonation rate by about 0*5 
per cent., an amount well inside the experimental error. The carbon 
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disulphide mixtures were prepared by drawing dry oxygen tbronglj 
two wash-bottles containing the liquid at 18°. 

The mixtures were fired by a break-spark from the secondary 
circuit of a Ruhmkorff coiL 

In conclusion, the author desires to thank Professor H. B. Dixon 
for much kindly interest in the work, and Dr. 0. C. de C. Ellis for 
considerable help with the experiments. 

Chemistry Department, 

The University, Manchester. [/feceuTf?, August 9(ft, 1922.] 


CCXCVT.— of the Chhrides of Phosphorns on 
ChIorodimethyMih7jdrore^oTcinol 


By Leonard Eric Hinkel and William Dudley Willums. 

In the course of an investigation on the action of phosphoms 
haloids on dimethyldihydroresorcinols (Crossley and Le Sueur, T., 
1903, 83 , 113) it was shown that the main products of the action 
of phosphonis tribromide on bromodimethyldihydroresorcinol were 
mono- and di-bromodimethylc?/c/ohexenone (I and II). 


(I.) 



For the purpose of another investigation, dichlorodiraethyb/do. 
hexenone was required, and it w^as hoped that it could be eon- 
venicntly prepared by the action of phosphorus trichloride mi 
chlorodimethyldihydroresorcinol, since it has been found that the 
action of chlorine on chlorodimethylcycZohexcnone does not give 
rise to the dichlorodimethylc^c/ohexcnone. (Details of this 
reaction will be published in a subsequent communication.) It 
may be at once stated that neither phosphorus trichloride nor the 
oxychloride has any appreciable action on ohlorodiiiiethyldihydro* 
resorcinol, which, w’hen heated for six hours on the water-bath ^ith 
a large excess of either reagent, is in the main recovered unchangcii. 

It was hoped that by the regulated action of phosphorus penta. 
chloride on chlorodimethyldihydrorcsorcinol it might be possible 
to prepare the dichlorodimethyki/c/ohexenone (I\). Althoug 
this result was accomplished, it was soon found that the reaction 
is very complicated and provides yet another example of the con- 
version of bydroaromatic into aromatic compounds. Severa 
reactions apparently take place simultaneously, since unless mow 
than two molecules of phosphorus pentachloride are 
some of the original dihydroresorcinol can always be reco\cr 
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unchanged. The primary action is the fOTmation of a trishloro- 
derivative (HI), which readily lo.ses hydrogen chloride, yielding 

dichlorodimethylcyctohexenone (TV). 

(in.) Me,C<C|^:^^0>CHCl Me,C<Cg:^0>CCl ,iv, 

At the same time, chlorination also occurs to a small extent 
owing to the presence of the ketonic group (compare Armstrong 
and Lowry, T., 1902, 81, 1469), yielding hydroaromatic compounds 
which, under the influence of phosphorus pentachloride, partly 
suffer rearrangement, giving rise to a monochloroxylenol, melting 
at 80—81°, and a xylenol, melting at 163°. 

With excess of phosphonis pentacliloride, a further action takes 
place in w'hich the second kctonic group is attacked, yielding highly 
chlorinated hydroaromatic substances which partly suffer rearrange- 
ment into aromatic substances, giving rise to 3 : 4 : o-trichloro-o- 
xylene, and 3 : 4 : 5 : 6- totracbloro-o- xylene (Hinkcl, T., 1920, 117 , 
1300). 

This rearrangement, although brought about slowly in the 
reaction mixture, can readily be effected by heating the hydro- 
aromatic compounds with concentrated sulphuric acid at 120° 
until evolution of hydrogen chloride ceases. The aromatic com- 
pounds are obtained from the acid mixture by dilution with water 
and subsequent steam distillation. 

Dichlorodimethylcyc2ohexenone is, how'ever, not converted into 
an aromatic compound by this treatment, for although it is readily 
acted upon by concentrated sulphuric acid with evolution of 
hydrogen chloride, the acid mixture on dilution with W’ater pre- 
cipitates the original monochlorodimethyldi hydroresorcinol, which 
is non-volatile in steam. This reaction definitely establishes 
the position of the second chlorine atom, and dichlorodi methyl - 
c//f/ohexennne must therefore have the constitution represented 
by formula IV. Although a double bond is present in the above 
hexenono, clilorine has no action either in hot or cold chloroform 
solution. With bromine, on the other hand, substitution readily 
take.s place on lieating. 

E X P K R I M K X T .A L. 

AcUon of Phosj^korus Pentachloride on ('hlorodimetlnddihj/dro- 
re.mcinol. Chlorodimcthyldihydroresorcinoi, 

was prepared from dichlorodimethyidihydroresorcinol by reduction 
®^^rmous chloride in warm alcohol solution as described by 

orander {Annalcn, 1902, 322, 239), and dried in a steam-oven for 
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sevewiiiDurs until its melting point was 161®» correeponding 
the anhydrous compound. 

Twen^ty-seven grams of chlorodimethyldihydroresorcinol (1 \ 

170 c.c. of dry chloroform, 50 grams of phosphorus pentachloride 
(1-5 mols,), and 10 c.c. of phosphorus trichloride were heated for 
four hours on a water-bath. The chloroform was then distilled 
and towards the end of the distillation a sudden reaction set in 
At this stage, the distillation was stopped and the mixture poui^d 
into water and extracted three times with ether. From the aqueoBs 
layer, on keeping after removal of dissolved ether, unchanged 
chlorodimethyldihydroresorcinol (1-9 grams) separated in Wr, 
colourless needles. The ether layer was washed with caustic soda 
until the washings were alkaline (washings A), the ether was removed 
and the yellow, residual liquid distilled in a vacuum, when the 
following fractions were collected under 13 mm, pressure: 

128*^ j 128“— 132^ j 132 — 140'^ j 140 — 143° with decomposition. Xhe 
fractions did not crystallise even after several days ; they were then 
seeded with dichlorodimethylcycfohexenpne previously isolated from 
the alkaline washing A (see later). 

Fraction 115—128® slowly deposited crystals, especially on 
cooling in a freezing mixture. 


Fractions 128 — 132° and 132 — 140°. Both fractions crystallised 
rapidly and almost completely. 

Fraction 140 — 143®. Even after thorough cooling, only a few 
crystals formed. 

The crystals from all the fractions were drained with suction 
(the mixed filtrates = B) and crystallised from light petroleum 
(b. p. 40—60®), in which they are almost insoluble in the cold 
(yield 7-2 grams) (Found: 01^36-89. C 8 HjoOCl 2 requires Cl ^ 
36-78 per cent.). 

4 : 5-Dichloro-l : l-diynetkyl- ^^-cychhexen-Z-one (formula IV) h 
very soluble in the cold in alcohol, acetone, ether, or chloroform, 
and crystallises from light petroleum (b. p. 40 — 60°) in colourless 
prisms melting at 63®. It may be heated to its boiling point without 
decomposition. It is insoluble in cold sodium hydroxide solution 
and is only slightly attacked on boiling. It does not combine with 
chlorine either in cold or hot chloroform solution; substitution, 
however, takes place slowly with bromine in hot chloroform solution. 
One gram was heated with a few c.c. of concentrated sulphuric 
acid at 120®. After ten minutes, when the vigorous evolution of 
hydrogen chloride had subsided, the dark coloured liquid was 
cooled, diluted with water, and steam distilled. No volatile product 
was obtained, but long, needle-shaped crystals were deposited on 

cooling which proved to be monochlorodimethyldihydroresorcinol. 
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fhe FiUraie B was mixed with an equal volume of concentrated 

alphurio acid and heated at 120” until the evolution of hydr<^en 
\loride ceased, the dark liquid was then diluted with water and 
Lam-distilled. The residue, on cooling, deposited long crystals 
of chlorodimethyldihydroresorcinol, derived from the decomposition 
of the dichloroihydrocyc/ohexenone still remaining in the filtrate 
5 The ethereal extract of the steam distillate was washed with 
sodium hydroxide solution (washings = C), dried, and the ether 
evaporated, when a white residue remained which crystallised 
from alcohol in masses of felt-like needles. These crystals, on 
pressing, form a waxy mass similar to 3 : 4 : 5-triohloro-o-xylene 
(T., 1920, 117, *1299) but melting at 107”. 

On repeated fractional crystallisation from ethyl acetate, a 
partial separation was effected yielding two substances, one melting 
at 99”, the other crystallising from ethyl acetate in long, glistening 
crystals melting at 218°. Owing to lack of material a further 
separation could not be effected; each fraction was therefore 
separately dissolved in chloroform and treated with chlorine in 
presence of iron filings. In each case, after removal of the chloro- 
form, a white residue was obtained which, when recrystallised from 
ethyl acetate, melted at 223°, alone or mixed with 3:4:5: 6-tetra- 
chloroxylene {loc. cit.). The crystals melting at 107° were therefore 
a mixture of 3 : 4 : 5-tri- and 3:4:5: 6-tetra-chloroxylene. 

Treatmevi of the Alkaline, Washings A and G. — The washings 
A were heated on a water-bath to drive off dissolved ether, then 
acidified with sulphuric acid and steam distiUed until the distillate 
came over clear. The residual solution deposited crystals of 
chlorodimethyldihydroresorcinol on cooling. 

The distillate was extracted wth ether. The . liquid r^idue, 
after evaporation of ether, was triturated with dilute caustic soda 
solution, when part of it dissolved, leaving a white solid (0-6 gram), 
which was filtered, dried on porous tile, and crystallised from light 
petroleum (b. p. 40 — 60°), dichlorodimethylcycZohexenone (m. p. 
63^) being obtained. The alkaline filtrate from the hexenone 
was acidified with dilute sulphuric acid, extracted with ether, the 
ethereal solution washed ^rith water, dried over calcium chloride, 
and the ether distilled off, when a liquid residue was obtained 
which slowly solidified on keeping in a cool place. This residue was 
found to consist of a mixture of two compounds, one soluble and 
the other insoluble in warm light petroleum (b. p. 40 — 60°). The 
petroleum solution was evaporated to small bulk, when aggregates 
of slender crystals separated ; these, after recrystallisation from light 
petroleum (b. p. 40 — 60°), in wliich they.are easily soluble, melted at 
80-81° (Found: Cl=23-r>3. CaH^OCl requires Cl = 22-68 per cent.). 
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This monochloroxylenol is very readily soluble ia all the coanuojj 
organic solvents. It gives a benzoyl derivative melting at %<> 
When treated with chlorine in light petroleum «dutioii, it is con! 
verted into a triohloroxylenol melting at 181®. 

The solid remaining after the separation of the monochloro. 
xylenol was dissolved in hot aqueous alcohol, from which it crystal, 
lised in colourless, glistening plates melting at 162—103® ; % 
amount was, however, too small for further investigation. 

The alkaline washings C were acidified with sulphuric acid and 
treated in the same manner as the alkaline filtrate from the hexenone 
described above, and yielded a mixture of the monochloroxylenol 
melting at 81“ and the xylenol melting at 162 163®. 

The authors desire to express their thanks to the Researcli Fund 
C!ommittee of the Chemical Society for a grant to one of them 
(L. E. H.) which has, in part, defrayed the expenses of this investi. 
gation ; and also to Dr. A. W. Crossley for leaving this investigation 
in their hands. 

Univdhsity C!oLL£GE, 

Swansea. [Received, August 1922.) 


CCXCVIL— ,4 Modified Methyl-orange Indicator, 

By Kenneth Claude Deveeeux Hickman and Reginald 
Patrick Linstead, 

A GREAT many substances have been employed as indicators foi 
acid-alkali titrations, and in recent years the colour changes 
involved have been used for the quantitative determination ol 
hydrogen- ion concentration. In spite of the number availahk, 
only a few indicators, such as pheiiolphthalein, methyl-orange, 
and methyl-red, are in favour for ordinary analytical work. The 
use of methyl-orange is almost universal, although the coloui 
change from yellow through orange to pink is very difficult tc 
detect in its initial stages. The object of the following work wsi 
to improve the colour change of the methyl-orange indicatoi 
without altering its chemical properties. 

It is well known that the eye is most sensitive to change of nue 
when that change occurs to a neutral-coloured object (Proc- of 
Soc„ 1909, [Al 83, 120), Thus, a red object reflecting rod ligi 
diluted with 10 per cent, of white is not readily distmgiusHa 
from another red object reflecting 20 i)cr cent, of white, e 
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the luminosity be the same in both cases. On the other hand, a 
white object appears vastly different from a nearly white object 
returning a o per cent, excess of red light. Dilute solutions of 
methyl-orange and phenolphthalein are good examples of this 
phenomenon. In acidifying methyhorange, the change from yellow 
to orange is a change taking place in a previously saturated colour 
and is not readily noticeable. The reverse change from colourless 
phenolphthalein to the pink salt is immediately detectable. To 
improve the methyl-orange indicator, therefore, it must be modified 
so that the colour change is from white or neutral grey to a shade 
in which one or more colours preponderate. 

The spectrum photograph (Fig. 1) shows the change from yellow 
to pink during the acidification of the dye. The absorption band 
shifts towards the red, obscuring the green, and permitting a 
little blue to pass. The eye has the difficult task of detecting a 
slight alteration in the length of the transmission band. Let us 
now suppose that an inactive substance, having a single absorption 
band in the yellow-orange, is added to the indicator solution. 
When the latter is alkaline, the colours transmitted are extreme 
red, green, and a trace of blue; the luminosity of the red and the 
blue is small compared with the green, so that the solution appears 
green. On acidifying, the methyl-orange band shifts into the 
green, reducing the luminosity of the latter until the red and blue 
preponderate, giving the solution a magenta colour. With the 
choice of a suitable screening dye there is a period during the 
acidification when the amounts of red, green, and blue transmitted 
are visually equal, so that the solution appears white, or neutral 
grey. The colour change is therefore, green-neutral grey-magenta, 
that is, from one colour, through white, to a supplementary colour; 
a change to which the eye is most sensitive. Furthermore, the 
‘‘grey' is a definite stage and can be recognised without previous 
experience, and repeated from titration to titration without the 
use of comparison solutions. 

The screening dye finally adopted was xylene cyanole FF, the 
mixed indicator containing one part of mcthyl-orange to 1-4 parts 
of cyanole dissolved in 500 parts of 50 per cent, alcohol. Two or 
three drops were sufficient for a titration, and the “grey” 
neutral point corresponded with a hydrogen-ion concentration of 
Pfl = 3'8, 

Experimental. 

Of the many dyes examined, the following, in ascending order 

ani P Victoria green, patent blue ,1 

, niter blue-green, solid green, new solid green G, xylene 
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oyanole FF* the last-named being much better than the 
others. 

The cyanole was found to be stable to alkalis, but decolotiseij 
by excess of mineral acid, the colour returning on dilution. I 5 
the region of the neutral point, it was Insensitive to the addition 
of acid, and was thus suitable for the purpose. 


To determine the ratio of methyl-orange to xylene oyanole. 



Cyanole. 

C.c. of 0-01% 
soln. 

25 c.c. of KOH soln. re- 


Methyl -orange. 
C.c. of 0-01% 
sola. 

quired of N/lO-HCl (c.c,). 
Grey. Pink. 

Contrast, 

1 

M 

30-95 

31-00 

Fair. 

1 

1-2 

31 '05 

31-10 


1 

1 

1-3 

30-90 

' 30-95 

Cood. 

1-4 

30-95 

31-00 

Best. 

1 

1-5 

31-00 

3M0 

Poor, 

It will be seen 

that for a nomial titration of 25 c.c. 

each of acid 


and alkaH, 0-00010 gram of methyl-orange and 0-00014 gram d 
cyanole should be used. The liquid remains green to within tw 
drops of the end-point. Another drop of acid gives a grey-green, 
and a further drop produces a steel-grey, showing no trace of green 
or pink. Further addition of acid turns the solution magenta, 
The question arises whether this steel-grey represents the end- 
point generally chosen with ordinary methyl-orange. The follciv. 
in^r comparison titrations give information on this point. As a 
solution of methyl-orange in pure water is yehow, the first dis- 
cemible change from yellow, using a comparison solution, was 
assumed to be the end-point of the ordinary indicator. 


Approx, strength 
acid and 
alkali. 

Nil 

JV/IO 


n!o0 


y/ioo 


25 C.c. of alkali required, 
with methyl- with cyanole 
orange alone, indicator. 
No difference 


30*90 c.c. 

30-95 c.c. 

30-80 

30-85 

30-80 

24-4 

24-5 

24-55 

24-2 

24-45 

28-4 

29-10 

28-5 

29-35 


Excess of 


acid for 

Mean ‘ 

Mean 

cyanole 

lag in 

lag 

indicator. 

c.c. 

0-' 

/O' 

Nil 

Nil 

Kil 

0-05 e.c. 

0-04 

0-13 

0-00 



O-IO 


O-il 

015 

0-17 

0-25 



0-70 

0-78 

2-8. 

0-85 



The titrations were repeated in the reverse direction, and it 


♦ Constitution SOaNa( 



Me 


From Sandoz Chemital 
Co. 



25 C.c. of alkali 
of approx, 
strength. 

iV/10 

iV/SO 

N/IOQ 


indicator. 
30' 8.5 
24-55 
29-1 


A MODIFIED METHYL-OEANGE INDICATOR^ 2505 

found that the lag also reversed and was slightly greater in magni. 
tude, thus : With iV'/lO-solutions, lag = O-l c.c., with NjoO, lag == 
0-5 C.C., with Nj 100, lag = 0-85 c.c. The discrepancy between 
two indicators is almost negligible with iV/10 and stronger 
solutions, and is non-existent if the usual salmon-pink is chosen 
as the methyl-orange end-point. This is shown below : 

C.c. of acid of nearly equivalent strength used. 

With cyanolo With methyl -orange. 

First change. Salmon-pink. 
30-80 30-90 

24-4 24-8 

28-4 29-2 

One of the principal uses of methyl-orange is in the estimation 
of carbonate and free alkali in caustic soda by the “ double end- 
point” method, phenolphthalcin being used as the first indicator. 
25 C.c. of a mixture of sodium hydroxide and carbonate gave the 
follo\^ing end-points (in c.c. of iV/lO-acid). 

Indicator Phenolphthalcin. Methyl-orange. ^anl??yano?e^^ 

End-point 26-70, 26-73 29-50, 29-52 29-51, 29-53 

The sensitiveness of the mixed indicator was tested for various 
neutralisations : 

{a) Ammonia and hydrochloric acid. Good end-point. 

(6) Sodium hydroxide and phosphoric acid. Good end-point, 
corresponding with formation of NaH 2 p 04 . 

(c) Sodium hydroxide and acetic acid. No satisfactory end-point. 
In a final experiment, one litre of distilled water containing 
8 c.c. of 0 01 per cent, methyl-orange and 11 ’2 c.c. of 0-01 per cent 
cyanole was titrated with AVlO-hydrochloric acid. The colour 
changes were noted as follows : 


C.c. of acid added. 

Colour of soln. 

H-ion concentration. 

0-97 

Slightly green. 

PK = 3-9 

1-4 

Grey. 

PK 3-8 

2-4 

Violet. 

Ps == 3-7 


TIk of ArtificM Light during Titration. —It was hoped that 
liquid or gelatin screens, coloured with cyanole or other dyes 
could be used as filters for the light from electric or gas in4n- 
esceiit lamps to enable methyl-orange titrations to be done at 
aght-time. It was found that whatever tint was employed, the 
eye adjusted itself to the general illumination, the colour of the 
liuht* tl remaining substantially the same. In monochromatic 
thn» w Excellent results, equal to 

indicaf daylight, were obtained by using the modified 

“daylight” 

amp with a blue glass bulb. 

''01'. cxxi. 
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Summary. 

A method is outlined for improving the colour change of tli& 
methyl- orange indicator. 

A dye is described wiiich fulfils the necessary conditions. 

The modified indicator is tested and found to be trustworthy, 

A suggestion is made for procedure by artificial light. 

Royal College of Science, 

South Kensington, S.W.7. [Received, Avgust l^th, 1922,] 


eeXeVUL— Derivatives of Diphenylthiolbenzene. 

By Samuel Smiles and Hugh Graham. 

In previous oommunicationsj the characteristic reactions of o-dithio- 
benzoic acid in sulphuric acid solution have been described. These 
have been interpreted (T., 10 U, 99, 640) by the assumption that 
preliminary fission of the dithio* group occurs and that the resulting 
sulphenic acid undergoes condensation with other material present. 
Thus with benzene thioxanthone is formed {T., 1910, 97 , 1290), with 
hydrogen sulphide o-dithiobenzoyl is produced {this voL, p. 8G), 
whilst substances containing a reactive methylene group, such as 
acetylacetone and ethyl acetoacetate, yield derivatives of oxythio- 
naphthen (T,, 1921 , 119 , 1810). The object of the experiments now 
described has been to compare the behaviour of other typical aromatic 
disulphides with that of o-ditliiobenzoic acid. Some evidence on 
this question may be collected from experiments already described 
in literature ; for example, derivatives of thianthren are formed by 
heating aromatic dlsulpliides with sulphuric acid [Ber., 1909, 42, 
1170), and trihydroxythioxanthone is obtained from gallic acid and 
diphenyl disulphide [Ber., 1911, 44, 2146} in the same manner. In 
the first of these examples, the formation of the thianthren may be 
regarded as due to the mutual condensation of two thioaryl groups, 

W’hilst in the latter an equally .simple interpretation is available; 

C6H4<|°“+ho-OC>® 6“(®^53 CeH,<'(?Q>CeH(OH), 

It is worth notice that the thianthren derivative arising in the 
former reaction is not by any means the sole product ; usually, more 
complex substances are formed at the same time. From these 
instances it may be anticipated that many other disulphides are 
capable of condensation with aromatic nuclei. In the experimeBts 
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HOW deecribed, m-dithiobenzoic acid and ^>'dithiodimcthylaniline 
have been chosen as two typical disulphides; this selection has been 
made, partly because these substances are of widely different 
character, and also on account of the fact that the products which 
they yield are more easily obtained in the crystalline state than 
with other disulphides examined. Both these disulphides react very 
readily with benzene in presence of sulphuric acid, and in each case 
the chief product is a substance containing two thioaryl groups 
united with the benzene nucleus, The substances (I and II) are in 
fact derivatives of diphenyl thiolbenzcno (III). 

CA(S-CeH,-C02H)3 

(I-) (th) (til.) 

CeH.-S-CeH^-CO.H 

(IV.) (V.) 

(CH3),C6H2(S-C6H,-NMc2)2 

(VI.) 

In neither instance was the simpler monosulphidc of tlie type (IV) 
encountered, and this is in striking contrast with the behaviour of 
o-dithiobenzoio acid, which yields only thioxaiithonc under the same 
conditions. With the latter disulphide, only one instance has 
been met with in which more than one thioaryl group had con- 
densed with the aromatic nucleus, and this was the case of naphtha- 
bisthioxanthone, which is formed in small quantity with naphtha- 
thioxanthone when o-thiolbenzoic acid is treated with naphthalene 
in sulphuric acid (T., 1910, 97, 1298). From this hydrocarbon and 
w-dithiobcnzoic acid a substance of similar type (\ ) was obtained 
as the chief product. In considering the circumstances w Inch might 
account for the difference in reactivity of these disulphides as com- 
pared with o-dithiobenzoic acid, it w'as thought that the presence of 
the ortho -substituent in the latter case might be associated with 
the restraining influence observed. This appeared the more probable 
since certain other ortho-substituted disulphides such as o-aniline 
disulphide and 1:4:1': 4'-tetrach]orodiphenyl disulphide react only 
extremely slowly or not at all with benzene under comparable con- 
ditions. To submit tliis view to further test, the reaction of p-xyiene 
with p-dimethylaniline disulphide was examined. Since the 
twofold condensation observed in the case of benzene would here lead 
to a substance with accumulated ortho-substituents, it was expected 
that either a monosulpliide (type IV) would be formed or that reaction 
would not occur. It W’as found, on the other hand, that rapid con- 
densation took place with formation of the bis-sulphide (VI). Under 
the same conditions, o-dithiobcnzoic acid* fields (T., 1911, 99, 1355) 
1 : 4'dimethylthioxanthone. 

4 Q 2 
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This example is sufficient to show that ortho-substitution is ftoj; 
the sole factor which is concerned in the more restrained acthit^ 
of the o-dithio-acid. On reviewing the situation, it seems more 
probable that the difference is due to the formation at the first 
stage in the condensation of a stable cyclic system ; thioxanthone 
does not readily yield the bisthioxanthone with excess of the dithio. 
acid, and it is the sole product when the acid reacts with 
under usual conditions. The same circumstances obtain in tfie 
intramolecular condensation of a simple aromatic disulphide such 
as the p-tolyl derivative, wffiich furnishes dim ethyl thianthren. 

Turning to the behaviour of wi-dithiobcnzoic acid and of p-dithio, 
dimcthylanilinc with substances containing reactive methylene 
groups, it is remarkable that in neither case lias any reaction vet 
been observed similar to those which take place so readily ivitfi 
0 - dithio benzoic acid. In this respect the latter substance appears 
(juite exceptional. 

The following remarks on the structures of the substances described 
in the following pages are necessary. It is clear that they do not 
contain the dithio- arrangement found in the disulphides from which 
they arc prepared, for they arc not attacked by reducing agents 
with formation of mcrcaptans. The question then arises as to the 
order in which the thioaryl groups and the nucleus of the hydro- 
carbon taken are associated. i"or example, in the case of the 
substance obtained from benzene and dithiodimethylaniline, there 
would be the alternative arrangements II and Vll ; 

(VII.) CeH.‘S'CgH3(NMe2)>S-CsH,-NMc2. 

The latter implies that the disulphide is capable of undergoing 
intramolecular condensation under the conditions chosen. Experi- 
ments have shown that this is not the case ; p-dithiodiracthylaniJme 
may be recovered unchanged after its solution in sulphuric acid has 
been kept at 20°, but reaction at once begins when the hydrocarbon 
is added. The same remarks apply to the case of r/i-dithiobenzuic 
acid. Hence the alternative structure (IT) must be accepted. With 
regard to the orientation of the thioaryl groups in the hydrocarbon 
nucleus, nothing can at present be said, except in the case of p-xy]cnc, 
where the ortho- situ at ion with respect to the methyl groups is 
undoubted. 

Experimental. 

Bm‘>:tntdi-iix 4 hiQhaizoic Acid, C^H4(S’C5H4*C(hH)^,.— A iiiixto 
of 15 grams of ?«-dithiobeiizoic acid and 150 c.c, of sulphuric acid 
was shaken w ith 10 c.c. of* benzene at the atmo.sphcnc temperature. 
Two further additions of the same amount of benzene uerc luadeat 
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intervals of half an hour. The interaction proceeded with evolution 
of sulphur dioxide, whilst the reacting mixture assumed a deep green 
polQur. After being shaken for three hours, the liquid was kept over- 
night, when a considerable portion of the crystalline product separ- 
ated. The mass was then poured over crushed ice, and the solid 
thus obtained was dissolved in aqueous sodium hydroxide and solid 
sodium hydroxide added, when crystals of the sodium salt of the 
required acid separated. A sample of this material was recrystallised 
from hot water. 

Sodium benzenedi-m-tkiobcnzoate was then obtained in broad, 
colourless prisms which are moderately soluble in cold water. This 
salt contained water of crystallisation, but the amount retained by 
an air-dried sample varied and was not in any definite molecular 
proportion (Found: HgO = 15-5— 16-6. Calc., 2 H 2 O = 12-5; 

per cent.). The water present was removed by heating 
the substance at 130®; the anhydroirs material then obtained 
{Na — 10*87 ; calc., Na — 10-79 percent.) being hygroscopic. The 
chief portion of the crude sodium salt was treated with dilute 
sulphuric acid and the amorphous material liberated was submitted 
to further purification. It was first treated with ether in an cxtrac- 
tion apparatus to remove inorganic matter. The required acid 
separated from the ether in the crystalline state, but it was finally 
recrystallised several times from a hot mixture of alcohol and water. 
Benzenedi-m4hiobenzoic acid forms a colourIe.s.s microcrystalline 
powder which is very sparingly soluble in ether and moderately 
soluble in boiling alcohol or acetone ; when immersed in a bath at 
280°, it subsequently melts and slightly decomposes at 302 — 303° 
(Found : C = C2-7 ; H - 3*9; S - lG-9. requires 

0 — 62*78; H = 3-7 ; S 16*8 per cent.). When pure, the 
substance yields a colourless solution with sulphuric acid, the green 
colour which appears during the preparation being apparently due 
to an oxidation product. The yield of the crude material is about 
80 jXT cent, of theory, but the treatment necessary to remove the 
impurity greatly diminishes tbi.s amount. 

yaphihalenedi - m - tkidboKoic Acid, Cj()Hg(S*CgH4'C02H)2.— A 
mixture of 7rt-dithiobenzoic acid and sulphuric acid was treated with 
a solution of naphthalene in light petroleum as in the case of benzene ; 
the subsequent treatment was similar, but to purify the product it 
was found necessary to repeat the precipitation of the sodium salt 
with alkali several times. The acid finally liberated from this was 
i^crystallised from a mixture of alcohol and water. Prepared in this 
manner, naphtkalenedi’VH-tkiobenzoic acid forms small, yellow needles 
which melt and decompose at 250-258° ^d are sparingly soluble in 
the common organic solvents (Found : C = 66*25 ; H = 3-9 ; 
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S = 14-6 ; in boiling nitrobenzene, = 449. 02411,^0482 requires 
C = 66*6 ; H = 3'7 ; S = 14*8 per cent. ; M = 432). 

Benzenedi-]i4hiodmethylaniUnef CgH4(S'C6H4'NMe2)2 . — A bqIu. 
tion of p-dithiodimethylaniline in sulphuric acid was shaken 
benzene at the atmospheric temperature, further small quantities 
of benzene being added until the evolution of sulphur dioxide hail 
ceased. The liquid obtained by pouring the green reaction mixture 
over crushed ice was neutralised with sodium carbonate, the precipj. 
tated base collected in chloroform, the solvent removed, and the 
residue treated with a Uttlc acetone to remove coloured impurities 
and then rccrystallised from acetone. Benzenedi-'^dhiodimelhyhi'iii. 
line forms colourless, broad needles which melt at 171 — 172® (Found • 
C = 69-4 ; H = C-5 ; S - 17-0 ; M - 402. C22H24N2S2 required 
C=:694; H = 6-3; S = 16-8 per cent. ; if — 380). It is worth 
notice that the condensation of this disulphide with phenol under 
the same conditions as those now described has been previously 
examined (T., 1911, 99, 648). The product then isolated was the 
substance HO*C5H3(S‘C5H4'NMe2)2. It is evident that the courae 
of the reaction is similar in the two cases. 

^-Xylenedi-i^4Uodimeihylaniline, (CH3)20gH2(*S*CgH4*NMe2)g.— 
Diinethylaniline p-disulphide was treated with p-xylenc in sulphuric 
acid as described in the foregoing case. The solution obtained by 
pouring the reaction mixture over ice was extensively diluted with 
water, when the required product was precipitated. This wag 
collected and rccrystallised first from alcohol and then from acetone, 
when i^-xyknedi-p4k{Gdmdhylaniline was obtained in colourless 
needles. Wiien rapidly heated, these melted at 232 — 233° (Found; 
S == IC‘2; N - 7-1 ; il/ = 403. C22H28N282 requires S = 15-8; 
N — G-8 per cent, ; M — 408), This substance is less stable than 
the corresponding derivative obtained from benzene ; for example, 
the solution in boiling acetic acid rapidly assumes a violet colour, 
apparently owing to oxidation, but no definite product could he 
isolated. 

KiNo’ri CnixEtii^, Quken’s Uniyebkity, 

London. Belfast. 

[Ii(’ci‘ived, September 23r(/, 11)22.] 


CCXCIX , — Chlorimlion of Benzoyl Chloride, Part L 

By EdwaPvD Hope and George Clifford Eiley. 

Amo>;g the problems concerning the influence of the character 
of an atom or group, sirbstituted in the benzene ring, on ll)« 
position taken up by another atom or group entering the ring, 
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the interesting case where the group “COCl is present does not 
ftppear to have been studied. Since benzoyl chloride is a liquid, 
it seemed highly probable that, of the simple substituting reactions, 
direct halogenation would be possible, and it was decided to iut 
vestigS'te this. In the htcraturc, there are only two references 
to the action of substituting agents on benzoyl chloride, namely, 
jCaralahe and Huston (J. A?ner. Che?n, Soc., 1909, 31, 479) and 
Bomwater and Holleman (liec: irav. chim., 1912, 31, 221). The 
grst-mentioned authoi’s found that the action of nitric acid or 
nitric anhydride on a solution of benzoyl chloride in acetic anliydride 
gave only nitro- and acetyl derivatives of benzoic acid. Hydrolysis 
of the chloride was supposed to precede any other action. The 
work of the latter authors was mainly devoted to the chlorination 
of benzoic acid. They mention, however, the action of liquid 
chlorine on benzoyl chloride in sunlight. This results, according 
to them, in the formation of an additive product. The reaction 
is described as taking place very readily and the main product is 
a hexachloro- additive product of benzoyl chloride, boiling at 
171 — 172 *’ /0’5 mm., accompanied by traces of chlorine .substitution 
products and hexachlorobcnzcne. 

In some preliminary experiments, dry chlorine was passed into 
henzoyl chloride in the absence of a catalyst, and the main results 
indicated by Bomwater and Ilollcman were obtained. Contrary, 
however, to their experience, we found, on allowing the solution 
of chlorine in henzoyl chloride to stand in bright daylight and in 
direct sunlight, no rapid disappearance of the yellow colour of the 
chlorine to occur. Even after many hours, chlorine persisted. 
An experiment, similar in every way except that a small amount 
of anhydrous ferric chloride \\'as added, gave a totally different 
result. The chlorine was rapitUy absorbed at the ordinary'' tem- 
perature, much heat developed, and hydrochloric acid fumes 
evolved. When an increase of weight corresponding with the 
substitution of one atom of chlorine for hydrogen had occurred, 
the liquid was shown to consist mainly of monochlorobenzoyl 
chlorides (mainly meta-) along vith small a mount. s of unchanged 
benzoyl chloride and of dichlorobenzoyl chlorides. The estimation 
of the amount of monochloro-dcrivativcs and their isolation 
(which was one of the original objects of this work) are obviously 
nnicli simpler matters in the case of the chlorides than in tlie 
ca.se of the acids, for the process of tract ioiml distillation ensures 
the removal of the unchanged henzoyl clilorido and of practically 
all the dichlorobenzoyl chlorides. 

The estimation of the amounts of tlx* individuals in the product 
was accomplished by fractionally distilling the chlorination product 
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several times at low pressure, collecting a number of fractiong 
boiling between definite temperatures, and estimating with the 
aid of melting-point diagrams the amounts of benzoic and individual 
chlorobenzoic acids in the mixtures from the hydrolysis of each of 
the fractions. The exact procedure is described in the experimental 
part, p. 2516. 

When the chlorination was conducted at 35° and the increase 
in weight corresponded with the entry of one chlorine atom (ferric 
chloride being the catalyst), the results obtained in the analysis of 
that portion of the product which boiled below 121°/12 mm. indicated 
that, of the original benzoyl chloride, 13-5 per cent, was unchanged 
76-0 per cent, was converted into monochlorobcnzoyl chlorides 
and 5*0 per cent, was converted into dichlorobenzoyl chlorides, 

The remaining 5*5 per cent, of benzoyl chloride was converted 
into tarry material (containing iron derivatives of benzoic and 
chlorobenzoic acids) and probably also to some extent into iri- 
and poly-derivatives of benzoyl chloride. 

The monochlorobcnzoyl chlorides consisted of the three iso- 
merides in the following proportions : meta-, 83-5 per cent. ; ortho-, 
14‘5 per cent, ; para-, 2 0 per cent. 

The most closely allied substitution reaction the results of which 
it is of interest to compare with the above is the chlorination of 
benzoic acid, but in spite of a good deal of work on the subject 
no results of a quantitative nature have been obtained. A summary 
of these results is given by Holleman (“ Die dirckte Einfiihrung 
von Substituenten in den Benzolkem,” 1910, p. 114) and the 
general conclusion formed is that chlorination of benzoic acid in 
acid solution favours the production of the raeta- substituted 
acid; in neutral or basic solution, the ortho- and para-acids are 
the main constituents. Later, Bomwater {Rec. trav. chim., 1912, 
31, 221) found great difficulty in analysing a mixture of benzoic, 
monochlorobenzoic, and dichlorobenzoic acids formed by the 
chlorination of benzoic acid with liquid chlorine. He roughly 
estimated the amount of ?ii -chlorobenzoic acid formed at 70 per 
cent., and did not isolate any ortho- or para- substituted acids. 

The only allied reaction in which a really quantitative anatysis 
of the products formed has been carried out is the nitration of 
benzoic acid. Holleman {Rec. trav. chim., 1899, 18, 267) gives the 
following as the percentage composition of the mononitro-substi- 
tution product in the case of nitration at 30° : meta-, 76'0 per 
cent.; ortho-, 22*3 per cent.; para-, 1*2 per cent. 

These proportions are of the same order as those obtained in 
the present investigation. * 

A number of methods were investigated with the view of finding 
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ft process of separation of the monochlorobenzoic acids from one 
another or at any rate a separation of the main product — meta — 
from the others. Only one of the methods tried, however, gave 
a reasonably good result, namely, fractional crystallisation of the 
mixed barium salts from water, based on the comparatively small 
solubility of the salt of the m-isomeride. In this way, it was 
possible to separate a large proportion of almost pure m-chloro- 
benzoic acid from a mixture. Also, by examination of the com- 
position of the other fractions, confirmation of the analytical 
results given by the purely physical method was obtained, as well 
as direct evidence of the presence of the o- and p-chloro- acids. 


Experimental. 

The benzoyl chloride was prepared from pure benzoic acid and 
phosphorus pentachloride in the usual manner, purified by dis- 
tillation, and finally carefully fractionally distilled, the fraction 
boiling at 196*8— 197 °/7 64 mm. being collected. The three mono- 
chlorobenzoyl chlorides were also similarly prepared from the pure 
chlorobenzoic acids, and values for the boiling points of these, and 
of the benzoyl chloride, determined at various pressures,* as 
follows : 

Benzoyl chloride. 


Pressure 

Temperature .... 

.. 9 10-5 13 

.. 71*^ 7o° 79^ 

IS- 5 
82-5® 

19-5 25 28 

87® 92-5® 94-5® 

35-0 mm. 
100-5®. 

o-Chlorobenzoyl chloride. 




Pressure 

Temperature .... 

11 12 

lobs'* 103-5=^ 

12-75 

105® 

14 5 19-75 

108® 114-5® 

26-5 mm. 
122®. 

m-Chlor(^enzoyl chloride. 




Pressure 

Temperature .... 

10 125 

94-5^ 99-5= 

15 

103-5® 

19 21 

109-5® 112® 

26 mm. 
117*5®. 

^-Cklorobenzoyl chloride. 




Pressure 

Temperature .... 

10-5 US 

97*5“ 99® 


15 18-5 

104-5° 109® 

27-5 mm. 
119®. 


* These determinations, and the fractional distillation of reaction mixtures 
obtained in the cldorination experiments, were carried out in flasks which 
bad columns of the pear-shaped bulb type sealed directly on to the neck, 
and a side tube entering below tho column, by which they could be emptied. 
These were necessary because the !iot vapour of all these chlorides attacks 
cork or rubber extremely vigorously. Precautions were always taken against 
the entrance of moisture from pump or air. 

t Fritsch {Ber,, 1890, 29. 2299) gives the value 110“/15mm. for the ortho-, 
and Montague (i?cc. trav, chim. 1900, 19, 16)^ gives tho value 111'5“/18 mm. 
for the para- compound. 
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These results are plotted on the accompanying curve (Fig. i)^ 
in which values of log p and 1/T are taken as co-ordmates, giving 
practically straight lines {p = pressure in mm. and T - absolute 
temperature). ^ 

Boiling poinu of benzoyl chloride and o-, m-. ani p-chlorobe moyl chl oridt,. 


1-0 1*05 

Log p. 

Benzoyl chloride, ^B-P‘Cklorohenzoyl cklrndt. 

ra-Ohlorohenzoyl chlorule. — 0— o- » »» 

Values of the boiling points taken at three definite pressures 
from these curves for comparison are as follow : 


Boiling point. 


Pressure, 
10 mm, 
20 mm. 
30 mm. 


The values of A and B*m the equation logp — -d BjT for 
each compound arc thus 
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A. 

B. 

Benzoyl chloride .... 

8-95 

2758 

o-Chloro- „ 

.. 8-49 

2790 

7n-Chloro- „ 

8*02 

2r)79 

3 ?-Chloro- „ 

8-89 

2909 


The small difference in the boiling points of the three chloro- 
jgomerides indicates that they behave as normal benzene derivatives 
(Sidgwick, T., 1920, 117, 392). It is, however, remarkable that 
the ortho-compound should have the highest boiling point. The 
game occurs in the case of the phthalyl dichlorides (o-, 281°; m-, 
276”; 2>-. 259”). 

Adion of Chlorine on Benzoyl Chloride without Carrier. 

A steady stream of thoroughly dried chlorine Avas bubbled 
through benzoyl chloride (44 grams) contained in a small flask 
protected from the air, and in sunlight. The chlorine formed a 
deep yellow solution in the liquid, and the temperature rose rather 
rapidly from 15“ to 22°, then fell slowly to 18°, at which it remained 
constant. The weight of the mixture only ro.se extremely slowly, 
with a slight evolution of hydrogen chloride gas. When the increase 
in weight reached 6 grams, the whole was left for forty-eight hours 
(in sunlight during the daytime), but tlic yellow' colour did not 
perceptibly diminish. Chlorine w'as again passed until the total 
increase in weight reached 12 grams (theoretical increase for one 
chlorine atom — 11 grams), and the wliole fractionally distilled 
at 20 mm. pressure. The chlorine boiled off, leaving a colourless 
liquid, of which 38 grams passed over between 88 — 96°, and the 
remainder between 203 — 210° ; the latter being a colourless, very 
viscous liquid. The first fraction Avas shown to be nearly pure 
benzoyl chloride, and so only one -sixth of the original chloride 
had been used up, to form a compound j)robabIy identical with 
Bomwater’s benzoyl chloride hexachloridc. 

Action of Chlorine on Benzoyl Chloride in the Presence of Anhydrerus 
Ferric Chloride. 

Preliminary experiments, similar to the last, but with the addition 
of a small quantity of anhydrous ferric chloride to the benzoyl 
chloride, showed that the chlorine w'as much more rapidly absorbed, 
Viith evolution of heat and hydrogen chloride, and that the main 
product of the reaction was w-chlorobenzoyl chloride. 

A regulated chlorination for analysis of the products was carried 
out as follows. 

Anhydrous ferric chloride (7 grams) w'as added to benzoyl chloride 
(429 grams) in a round flask (COO c.c. capacity), forming a deep 

4q^ 2 
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yellowish-red solution, but leaving some of the ferric chloride 
undissolved. The flask was immersed in a water-bath kept at 
constant temperature (35°), and tightly fitted with a cork carryijjg 
an inlet tube for the chlorine dipping well under the liquid, a sealed 
stirrer,* and a vertical air- condenser for the exit of the gases 
From the top of this condenser a tube led down and dipped under 
the surface of strong sulphuric acid in a small flask, thus indicating 
the rate of passage of the gas, and preventing the entrance of 
moisture. The flask and fittings could be removed bodily, and 
the inlet tube and top of the air- condenser closed by rubber caps, 
for weighing. 

The chlorine used was from a cylinder, and was dried thoroughly 
by strong sulphuric acid before passing into the benzoyl chloride. 

The apparatus was shaded from strong light, and, with rapid 
stirring, chlorine was passed through in a steady stream, the flask 
being weighed at intervals until the increase in weight was the 
theoretical for the s\ibstitution of one atom of chlorine {106 grams), 
the final weight being taken after prolonged stirring and standing 
over- night, as follows : 

Time from commencement 2 3^ 4^ 5] horns. 

Increase in weight 21 ol 73 100 106 grams. 

Thus the final total weight of liquid was 542 grams. This was 
of a very deep red colour, and there was no undissolved solid. 

Distillation of the Reaction Mixture. — 530'2 Grams of the liquid 
were weighed into a distilling flask, heated at about 100° at 10 mm. 
pressure, until it was on the point of distilling, reweighed, and 
finally distilled at this pressure until the thermometer reading 
was 08°. 

The loss in weight before distillation was 2 5 grams. 

There distilled over between 83—98° 40M grams. 

The residual liquid in the flask was diluted with pure dry light 
petroleum (500 c.c. of the fraction boiling at 60 — 75°, in which 
these chlorides are readily soluble), and kept for some hours. A 
quantity of a deep red oil wa,s deposited, and the solution, which 
still had a slight yellow' colour, was poured off into a fractionating 
flask, the solvent distilled off, and the remainder fractionally distilled 
at 12 mm. pressure. The above 40M grams fraction w'as similarly 

• Rapid agitation of the mixture whs found to be essential, otherwise 
tho hydrogen chloride formed did not seem to be readily evolved, and this 
considerably slowed down the reaction, and also made the determination of 
the increase in weight very difficult, owing to the considerable weight of 
dissolved gas. With stirring, the correct weight of tho mixture could be 
taken almost immediately after stopping tho passage of the chlorine. 
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fractionally distilled, and the corresponding fractions combined, 


giving 

78 — 90® 34 grams. 101 — 104’ 108-5 grams. 

90— 97® 70 „ 104—110’ 62-4 „ 

97—101® 176-8 „ Residue ♦ 47-2 „ 

Total 498-9 „ 


* This residue was still deeply coloured, so it was treated with the light 
petroleum recovered from the first precipitation, allowed to stand, the petroleum 
poured off, and distilled, and the residue from this distillation added at the 
suitable point to the next fractional distillation of the main bulk. 

This procedure ^vas adopted to prevent the loss and decom- 
position which had been found to take place on distilling the highest 
boiling fractions from the mixture of ferric compounds and tar 
present. 

It was found to be inadvi.yable to attempt the precipitation at 
an earlier stage, before a preliminary distillation, as too large a 
volume of light petroleum was required for complete separation. 


The total red oil that separated 
25*7 grams. 

was dried at 100' 

^ and weighed 

The above fractions were fractionally rcdi.-^tilled 
times at 12 mm. pressure, giving as final fraction.s 

a further five 

75 — 80® . . . 42-8 grams. 

10.3 -105° . . , 

10-7 grams. 

] 

80— 85® 7-0 ] 

105—110° 9-3 

85— 90® 7-1 • 49-3 ,. 

110—115° .5-. 3 

29-5 „ 

90— 98® ;ir>-2 j 

115—120° 14-0 

J 

98— 99° . . . 19(;-8 

120 -121° . . , 

27-3 „ 

1)9—100° . - . 70-0 

Residue 

16-9 „ 

ion— 101° 19-2 1 




101—103° 20-5 / 39-7 „ 

Total ... 

. 483-0 „ 


As the original weight of volatile liquid uildergoiiig distillation 
was o30'2 — (2-o-f'25*7) 502 grams, the total loss of liquid 

during the whole of the distillations — 502 — 4S3 = 19 grams, 
that is, the average loss per distillation ^ 0-54 per cent, of the 
liquid distilled. It cannot introduce an appreciable error to a.ssume 
that in each distillation this small loss was distributed evenly over 
the various fractions, and a correction for this lo.ss is made in the 
final calculation of the analysis of the mixture. 

Hydrolysis of the Fractions to Corresponding Acid Mixtures . — This 
was found to be best effected by boiling with water. A weighed 
amount of any particular chloride fraction was boiled under reflux 
with three or four timc.s its weight of water, tlio chloride layer 
becoming opaque and milky, and finally clear again. With mixtures 
containing the m-ch loro-compound as main constituent, crystals 
of the acid grew in star-shaped clustera of long needles on the sides 
of the flask, With mixtures of low melting point, the lower layer 
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remained liquid, ami the completion of the hydrolysis was denoted 
by a characteristic cloudy appearance of the boiling, upper, aqueous 
layer. This generally took place at about three-quarters of au 
hour from the commencement of boiUng. 

With mixtures of higher boiling point, at the end of half aa 
hour from the commencement, the lower layer completely solidified, 
with evolution of heat. The solid cake was broken up and the 
boiling continued for a further half hour. The condenser was 
washed dovm with water, and the contents of the flask were cooled 
to 0°, filtered, and washed with a little cold water. The solid was 
dried at 100^ ground to a powder when nearly dry, and finally 
dried until free from moisture and acid.* 

The amount left in solution in the w^ater was small, hut was 
extracted by pure ether, and taken into account in the analysis 
(as it was usually of different composition from the main bulk). 

Grams of 100--103° fraction gave 

11.51 grams of acid melting at 129—136", the m. p. being 
raised by the addition of rw-chlorobenzoic acid. 

0*17 gram extracted from aqueous solution; melting at 
127— *127*8°, the m. p. being raised by the addition of 
o-chlorohenzoic acid. 

11-68 . . ^ 

Theoretical yield, calculated on composition later 

found by analysis = 11*8 grams. 


3Ielhod of Analysis of the Acid Mixtures.-The estimation of the 
proportions in which the different acids were present m the mixtures 
after hydrolysis was,eaiTied out by means of a series of solidification- 
point determinations. 

Briefly, in the case of any particular mixture, the method was 
to determine two types of solidification point : 

(a) The initial solidification temperature of the mixture. Irom 
the value of this, the proportion of the main constituent could be 
deduced from the curves given by Boriiwater and Holleman {Eec. 
trav. ckim., 1912, 31, 2-12) for binary mixtures of these acids. 

(b) A eutcctio temperature. For this determination a suitable 
calculated addition of one of the pure acids was made, such as 
would bring the relative proportions of the latter and tlie ong 
main constituent approximately to their true eutectic 
irrespective of the other acid or acids present. From the a 
of the eutectic temperature of this mixture, the proportion of 


• These dry powders wet® Extremely easily electrified by (he slight® 
friction, with consequent scattering. 
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i-etnaiiuRg constituent could be deduced from curves obtained by 
authors for the effect of known additions to pare eutectic 
ijiixtures. 

J)iscu88ion of Method. — (a) T. van der Linden (J. Chirn. Phjs., 
1912, 10, 465) points out that in the case of any mixture of benzoic 
acid with the monochlorobenzoio acids, where the initial solidification, 
temperature falls on the benzoic side of the eutectic, a determination 
of this solidification temperature affords an accurate means of 
estimating the amount of benzoic acid in the mixture, irrespective 
of the number or relative amounts of the cbloro-acids present. 

This follows from the fact that the initial solidification tem- 
perature of benzoic acid is lowered to exactly the same extent 
by the same weight of either of the three monochlorobenzoio acids 
(Bornwater and Holleman, loc. cit.). 

The same holds true for the addition to m-chlorobenzoic acid, 
a-chlorobenzoic acid, or jr-chlorobenzoic acid, respectively, of 
either of the other two or benzoic acid itself (although not in every 
case so accurately). Thus it can be taken as very nearly 
correct that from the initial solidification point of any mixture 
of these four acids, can be deduced the proportion of the main 
constituent A (that is, the one which first separates at this point). 
This is especially correct when one of the remaining acids {B) 
forma a large proportion of the remainder. The value required 
for the proportion of A is then read from the curve for mixtures 
of A and B. 

The determinations of solidification points were carried out in a 
similar manner to that described by Born water (loc. cit.). The 
tube containing the mixture, thermometer, and glass stirrer was 
supported centrally inside a slightly wider tqbe, and the whole 
immersed in a stirred glycerol bath, illuminated from behind, and 
kept at a temperature a few degrees above the melting point of 
the mixture until the latter was totally melted. Tlie toinjx^rature 
of the outer bath was tlieii allowed to fall very slowly, so that it 
was never more than two or three degrees below the temperature 
of the mixture. The initial solidification temperature was taken 
as that temjx^rature at whicli ery.stals apj)oarcd in the liquid 
mixture and just perceptibly inerea.sed in amount, after .seeding 
with small amounts of solid from cooler portions of the 
thermometer. 

Eutectic temperatures were determined in a similar apparatus. 
In this case, after a small amount of solid had separated, the tem- 
perature of the mixture stopped falling and remained steady for 
some time. This value was taken as^the eutectic temperature, 

(b) Van der Linden (Joe. ciL, p. 460) describes the use of eutectic 
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determinations for the analysis of temaiy and quaternary mixtures. 
The way, however, in which he determines these points, by cooling 
a mixture which has a composition very different from that of 
the eutectic mixture, presents great difficulties, as he admits. Iq 
experiments carried out in this way, a large amount of sohd separates 
before the eutectic point is reached, and this makes an accurate 
determination difficult and prohibits its use where there is any 
mixed crystal formation {this takes place to a slight extent \sith 
m- and o-chlorobenzoic acids). It is also essential to know which 
eutectic mixture separates at the point determined. 

These difficulties wore overcome, in the case or the mixtures 
obtained in the present investigation, by making a calculated 
addition of one of the pure acids such as would convert the relative 
proportions of the two main constituents into the proportions of 
their eutectic mixture. On determining this eutectic temperature, 
a very small amount of solid separates before the required tem. 
perature is reached, and the above difficulties are obviated. When 
a third acid is present, the temperature found is lower than that 
of the true eutectic of the pure substances, by a difference pro. 
portional to the amount of the third present. This amount can 
he deduced from a curve plotted from the results of detennin. 
ations on known mixtures. Two such curves were determined as 

follows : ^ . X j 1 ., 

(1) A eutectic mixture of pure benzoic (64 per cent.) and jw-cnloro- 

benzoic (36 per cent.) acids was made up, and values obtained for 
the lowering of the eutectic temperature brought about by the 
addition of varying weighed amounts of pure o-chlorobenzoic acid, 
as far as the ternary eutectic point (Table I and Fig. 2). The 
amounts of o-chlorobenzoie acid are given as percentages on the 
total weight of o-chlorobenzoic acid plus benzoic acid, as this is 
the most convenient form for calculating from the results of deter- 
minations on unknown mixtures. The small amount of solid 
separating out before the eutectic temperature was reached ivas 
shown’ in each case to he m-chlorobenzoic acid, as the addition of 
a small amount of the latter raised the temperature at which solid 
first separated, but did not affect the temperature of the eutectic 

^(2) Similar values were obtained for the case of the addition of 
pure p-chlorobenzoic acid to a eutectic mixture of o-chlorobenzoic 
acid (53 per cent.) and m-chlorobenzoic acid (47 per cent.),^^s ar 
as was found necessary for the determination of the mixtures 

encountered (Table TI). . 

Thus the method of analysis of a mixture conUming, say, 
m-chlorobenzoic acid as main constituent, together with ben^^ic 



CHLORINATION OF BENZOYL CHLORIDE, PART I. 2521 


Table I. 

X^xlxon of o-chlorobenzoic acid to the eutectic mixture of benzoic and 
m-chiorobenzoic acids (Bz, 64 per cent. ; m-, 36 per cent.). 

O'Chlorobenzoic acid per Solidification temperatures, 
cent., calculated on total ^ - - 


weight of benzoic plus 

Initial. 

Binary Ternary 

o-chlorobcnzoic acids. 


eutectic. eutectic. 

0 

95-7® 

95-4® 

34 


93-9 

6-9 


92-5 

12-2 


89-7 

163 


87-6 

19 1 


86-2 

21-8 

86-3 

85-0 \ varied 

24-4 

85-1 

83-6 1 between 

25-5 

84-1 

82 9 f 81-6—82-0®. 

26-8 

83-8 

82-5 J 

28-0 

83-7 

82-3 

29-3 

85-2 

83-2 

32-0 

86-8 

85-2 


Table IT. 

Addition of p-chlorobenzoic acid to the eutectic mixture of o- and 
m^chlorobenzoic acids {o-, 53 per cent. ; m-, 47 per cent.), 
p-Chlorobenzoic acid per Solidification temperatures. 


cent., calculated on total - -- — 

weight of 0 - plus p-chloro- Binary 

benzoic acids. Initial. eutectic. 

0 111-2^ HOG" 

2-9 UO-r> 109-8 

CO 109-5 108-7 


acid, and o- or p-chlorobenzoic acid in small quantity, was as 
follows. 

The proportion of tw-chlorobenzoic acid was found by the initial 
solidification temperature of the original mixture. 

Until the proportions of the remaining constituents were known, 
the remainder was taken as being wholly benzoic acid, and to a 
weighed portion of the mixture the calculated (quantity of benzoic 
acid was added that w'ould convert the percentage of 7w-chloro- 
benzoic acid to 36 per cent, of the resulting mixture, and the 
eutectic temperature determined. If this were 95*4'^, the absence 
of o« or p-chlorobenzoic acid was thus proved. If it had a lower 
value, from the curve (Fig. 2) the proportion of the ortlio-acid in 
the total \veight of benzoic acid plus ortho-acid (whicli = 04 per 
cent, of the whole mixture) was found, and so the percentage in 
the original mixture calculated. If this amount were considerable, 
the eutectic temperature w\as redetermined after a corrected addition 
of benzoic acid to bring the projX)rtion of meta-acid : benzoic 
apid = 36 ; 64, aqd the final calculation was based on tliis value. 
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Another addition, of sufficient o-chlorobenzoio acid to form 
practically the ternary eutectic mixture (of and o>chlorobenzoic 
and benzoic acids) was then made, and this point determined. 
The value proved that the third substance present was the o-chloro- 
acid, or any lowering indicated the presence of the p-chloro-acid. 

In mixtures where benzoic acid was absent, this was proved by 
a value being obtained for the percentage of o-chiorobenzoic ping 
p-chlorobenzoic acids in the original mixture which was identical 
with 100 minus the percentage of the m-chloro-acid. 

In these cases, the amount of the o-chloro-acid, and the absence 
or amount if present, of the p-ch loro -acid, were determined in a 
similar manner by use of the eutectic point of the m-chloro- and 

Fig. 2. 

Cu,rve, ftkowinc} on trdectio itm'perature of addition of o-chlorohcmoic 
add to eutectic mixture of m-chlorobenzoic arid benzoic adds. 



0 4 8 12 16 20 24 28 32 

Percentage of o-chlorobenzoic acid {calculated on weight of 
o-chlorobenzoic plus benzoic acids). 

o-chloro- acids. To the original mixture sufficient o-chloro-acid was 
added to reduce the percentage of the m-chloro -acid to 47 per 
cent, of the resulting mixture (the value for the meta-ortho eutectic), 
and the eutectic temperature determined. This value, by means 
of Table II, was used to calculate, in a similar manner, the amount 
of p-chlorobenzoio acid in the original mixture. 

Mixtures containing m-chlorobcnzoic acid admixed with small 
quantities of all three, benzoic, o-chloro-, and p-chlorobenzoic 
acids, were not encountered in this investigation, but such mixtures 
could be estimated by a combination of the above methods, first 
obtaining the percentage of o-chloro- plus p-chloro-acids from a 
determination of the m-chlorobenzoic-benzoio eutectic, and then 
the percentage of benzoic plurp-chlorobenzoic acid from a determin- 
ation of the metar-ortho eutectic. 
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E^ximple : 

25'14 Grams of the fraction boiling at 98— 99°/12 mm. on 
hydrolysis gave 

21*7 grams of main product (a) and 0’42 gram extracted 
from the aqueous solution (6). 

{(t) Main product . — The initial solidification temperature was 
149 - 2 “, raised by addition of ??i-chlorobcnzoic acid, indicating 92 
per cent, of m-chlorobenzoic acid. 

0-2616 Gram plus 0*3865 gram of benzoic acid gave a eutectic 
temperature of 93*2'^. 

Therefore, in the resulting mixture, 

ortho-acid (plus any para-acid) : benzoic acid 

- 5-2 : 94-8 (by Table I), 

but the amount of meta-acid = 0*92 x 0*2616 — 0*2406 gram. 

Therefore the amount of ortho- (plus para-) acid 

= 0 052 X (0*6481-0*2406) 

= 0*0212 gram, 

and as 0*2616-0*2406 = 0*0210 „ 

this proves the total absence of benzoic acid in the original mixture. 

0*6565 Gram of the resulting mixture plus 0*1285 gram of o-chloro- 
benzoic acid gave the eutectic temperature 8T5® (the initial solidifi- 
cation temperature being 83*6°), indicating the presence of some 
para- acid. 

0*297 Gram of the original mixture plus 0*238 gram of ortho- 
acid (so that meta-acid = 0*2732 gram, remainder = 0*3118 gram) 
gave a eutectic temperature of 109*8°. 

Therefore, in this mixture, para-acid : ortho-acid 

= 2*0 : 97*1 (by Table II), 

and the para-acid in the original mixture 

= 0*029 X 0*3118 = 0*009 gram 

= 3 per cent, of mixture 

and the ortho-acid =5 ,, ,, 

(b) Ether extract . — The mitial solidification temperature was 
124“, raised by the addition of o-chlorobenzoic acid, indicating 
74*5 per cent, of o-chlorobenzoic acid. 

0*343 Gram plus 0'15 gram of w-chlorobenzoic acid gave a eutectic 
temperature of 110*4°, indicating less than 1 per cent, of an acid 
other than the ortho- and nieta*acid§, which is negligible on the 
total fraction. 
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Thus the combined analysis for the total fraction is 
m-chlorobenzoic acid 90 '7 per cent. 
o-chlorobcRzoic acid 6*3 a 
^-chlorobenzoic acid 3*0 

The 120—121° fraction on hyiolysis was shown to consist 
solely of dichloro-compounds. Repeated crystallisation of the 
acid mixture isolated a pure specimen of 2 : 5-dichlorobenzoie 
acid A small percentage of these dichloro-com pounds was also 
found to remain in the next lower fraction, 105 120 . 

The higher volaHle residues w*erc not examined, but it is extremely 
probable that these contained tri- and more highly chlorinated 

"^^^"rlThisoluble residue from light petroleum was boiled with 400 c.c. 
of dilute hydrochloric acid, forming a deep yellow solution, and the 
whole distilled in steam, A quantity of a dark red tar was left un- 
dissolved, and this was separated, washed with hot water, and dried 
at 100°. It weighed 11-6 grams and contained only a trace of iron. 

The aqueous solutions deposited hocculent, colourless solids on 
cooling These were extracted with ether, and gave a total of 
6 grams of dry solid, consisting of a mixture of the acids from the 
compounds formed in the reaction, the extract from the distillate 
being chiefly ?/i-chlorobenzoic acid. 

The h’on w^as precipitated from the yellow solution as the hydr- 
oxide, and afler drying was found to correspond witli the total 
weight of ferric chloride originally present. 

Summary of Analysis. 

1‘roportion of aoids per Original weights of chlorides 
cent, after hydrolysis. {?;vmns). 

i^Ionochloro- .Monocliloro- bi- 

benzoie. benzoyl. chloro- 


Wt. 

Fraction, (grams). 
7.5_ 80^ 42-8 

80— 1)8 49-3 

98— 90 106-8 

9n__100 TO-U 

100—103 30-7 

103—105 10-: 

105-120 20-,-i 

120—121 27*3 

Residue 16-0 


3-3 0-1 

70-6 3-8 

90-7 6'3 3-0 

S8‘4 10-3 1-3 

72-2 25-7 2-1 
00-5 3i)-5 
27-6 04-0 



(grams). 



.Monocliloro- 

benzoyl. 

Di- 

chloro- 

Ben- 

. 

benz- 

zoyl. 

41-4 

12-!) 

W.: 0-, p-. 

1-4 

34’5 1-0 

oyl. 


54-3 310-0 55-1 


Multiplying by I?, to correct for distil. ^ ^ ^ _ ^ 

latlon loss (.see p. 2.d <) > .. — — - 
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Jis the original weight of benzoyl chloride equivalent to the 
weight (530 ’2 grams) of reaction mixture taken for distillation 
= 419'7 grams, the proportions of benzoyl chloride used in pro- 
ducing the final products were as follow (figures given approximated 
to the nearest 0'5 per cent.) : 

Unchanged Monochloro- Dichloro- 
benzoyl chloride, compounds, compounds. 

13-5% 7G% 5-0% 

The monochloro-compounds were formed in the proportions 

Meta-, Ortho*. Para-. 

83-5% Uo% 2% 

or 100 : 17-3 ; 2-4 

The tarry matter was 2-2 per cent, on the original benzoyl cliloride. 

Fraclioml Crystallisation of (he Barium Salts of a Mixture of the 

Three Monochlorobenzoic Acids, 

A mixture was taken which contained, on analj^sis by the physical 
method described, 80‘8 per cent, of meta-, l*j per cent, of para-, 
and 17*7 per cent, of ortho-chlorobenzoic acid. 

To 40 grams of this mixture in boiling water (750 c.c.) a slight 
excess (26 grams) of barium carbonate was gradually added, A 
large amount of barium .salt separated and remained undissolved, 
and the solution was cooled to 50° and filtered. The solid was 
boiled with a further 600 c.c. of water, which again left some undis- 
solvcd, the solution cooled to 25° and fdtered, and the solid washed 
with small quantities of water. From this solid the acid (ri) 
was liberated by dissolving it in boiling water, adding a slight 
excess of dilute hydrochloric acid, cooling, and filtering, and the 
acid dried at 100°. 

The united filtrate containing the rest of the barium salts was 
fractionally evaporated and kept until the amount of crystals 
deposited did not increase, and the various fractions of these 
barium salts were collected, and separately decomposed by dilute 
hydrochloric acid as above, giving acid mixtures as follows : 

Initial 


C.c. of 

Acid 

solitlifi- 

M. ]■!. rnisc'd 

Composition 

liquid. 

(grum.s). 

eation pt. 

l>y 

per cent. 

(1) 

(A) 22-1 

155' 

Mota-arid 

100 Met a -acid 

(2) 800 

(>•7 

153-5 


08 

(3) 460 

105 

152 


IM) „ 

(4) 250 

O-SO 

US-5 


DO- 5 

(5) 170 

No crv'stalM < 

:I(.'positc(i. 



(0) 120 

0-3 S 

loo- 5 

Para-at-'id 

23 Para -acid 

(I) 55 

0-4 

100-5 


25-5 ,, 

(8) remamder 

6-10 

138 

Ortho-acid 

05 Ortho -acid 


38-25 
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Fraction (7), recrystallised from light petrolenm, iBnally g^yg 
0’05 gram of the para-aeid, m. p. 235—238®. 

Thus the above fractional crystallisation proved the presence 
of 0 - and chlorobenzoic acids. The process also recovered 90 per 
cent, of the meta-acid present in the original mixture, in a state 
of 99 per cent, purity, and 81 per cent, of the ortho- acid in a state 
of 95 per cent, purity. 

The assumption that the impurity in the first four fractions wg^ 
wholly the para-acid, and that the last three fractions were mixtures 
of the para- and ortho -acids, gives the following analysis : 


Wt. of 

Wt. of acids (grams). 

fraction 





Para-. 

Ortho-. 

(grams). 

(1) 22-1 

22-1 



(2) 6-7 

6-57 

0-13 


(3) 105 

1-58 

0-07 


(4) 0-80 

0-78 

0-08 


(6) 0-38 


0-09 

0-29 

(7) 0-4 


0-1 

0-3 

(8) G-16 


0-31 

5-85 

38-25 

3103 

0-78 

6-44 


- 8M% 

2-0% 

16-9% 


This result agrees remarkably well with the analysis by the 
thermal method, as given above [compare the results obtained by 
Bom water {Rec. irav, chim,, 1912, 31, 233] when applying a similar 
method with the calcium salts]. 


Method for ike Preparation of m-Chlorobenzoic Acid and its Chloride, 

The reaction described affords a ready and comparatively in- 
expensive method for tiie preparation of m-chlorobenzoic acid in 
the pure state. Technically, it could be easily carried out as an 
extension of the method of preparing benzoyl chloride by the 
direct chlorination of benzaldehyde. 

For the laboratory preparation, a quantity of benzoyl chloride 
Is chlorinated in the apparatus described, until the gain in weight 
is approximately IT times that corresponding with the substi- 
tution of one atom of chlorine in the molecule, and the resulting 
liquid fractionated at a ]o\v pressure. 

For comparatively pure wi-chlorobenzoyl chloride (containing 
some para-compound), continued refractionation with an efficient 
column is required, the fraction corresponding with 99° /1 2 mm. 
being collected. 

For the greatest yield of ^pure m-chlorobenzoic acid, the whole 
fraction corresponding with 90 — 11 8® /1 2 mm. is hydrolysed by 
boiling with three or four times its weight of water under reflux, 
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cooled, and the acid filtered off. This is converted into the barium 
salt, fractionally crystallised from water, and the freictions con- 
taining the meta-compound dissolved in boiling w^ater and pre- 
cipitated wi^ dilute hydrochloric acid. The resulting acid is 
i^rystallised from 30 per cent, acetic acid, and then from benzene 
to the required purity. A more rapid method, giving a smaller 
yield, is to collect the fraction corresponding with 97 — 102° /1 2 mm., 
similarly hydrolyse this, and then directly recrystallise the acid 
from 30 per cent, acetic acid and finally from benzene. 

Summary. 

Benzoyl chloride was found to be capable of chlorination in 
presence of anhydrous ferric chloride. 

Analysis of the reaction product was carried out by fractional 
distillation, hydrolysis of the fractions, and use of a solidification- 
point method which was worked out for the resulting acid mixtures. 
The proportions in which the three monocli loro benzoyl chlorides 
were formed were shown to be : ortho 14'5, meta 83‘5, para 2*0 per 
cent. 

Tlie reaction is of value as a mctliod for Ihe preparation of pure 
m-clilorobenzoic acid. 

In conclusion, one of us (G. 0. II.) desires to express his thanks 
to the Committee of Scientific and Industrial Research for a grant 
in 1920—21 which lias enabled liiin to participate in this research. 

Dvsox Perrins LAROR.vToiiv, 

OxFt^RD UXIVERSlTV. [lUcciritU lO//*, 1022.] 


CCG . — The Labile Naiure of ihe Halogen Atom in 
Organic Comjminds, Part YL The Action of 
Titanous Chloride and of Ammonia on Refreseni- 
alive Halogen Compounds, 

By Iax Armstrong Black, Edmund Langley Hirst, and 
Alexander Killen Macbeth. 

It has already been sliowm that certain types of organic halogen 
compounds possess marked oxidising properties, and previous papers 
in this series have dealt with the removal of tlic halogen atom from 
such compounds on treatment with various reducing agents. The 
reduction of the halogen-substituted nitroparaffins by hydrazine 
hydrate was examined by Macbeth and Ih'att (T., 1921, 119 , 1356), 
and the w'ork was extended to the action of acid reducing agents, 
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such as titanous chloride, on a similar series of compounds (Henderson 
and Macbeth, this vol., p. 892). It was shown that under certain 
conditions of molecular structure the halogen atom was removed 
and the nitro-group attacked, during titanium reductions; and 
attention was directed to the fact that such labile halogen atoms 
might he regarded as possessing an electropositive character. The 
action of hydrazino on a further series of substances containing this 
characteristic type of electropositive halogen was studied by Hirst 
and Macbeth (this vol., pp. 904, 2169), and it was found that solutions 
of 'hydrazine hydrate were readily oxidised by these compounds 
nitrogen being quantitatively liberated. The substances found to 
be reactive include the bromo-derivatives of certain diketones, the 
chloro- and bromo-derivatives of the malonic esters, and nitrogen- 
haloids such as the chioroamides, succinchloroimide, and the 
Bulphonchloro amides. It seemed of interest further to extend the 
work and determine if the halogen atoms in compounds of tlie above 
type are susceptible to reduction by titanous salts, and if the oxidising 
power of the substances is sufficient to liberate nitrogen from 
ammonia, parallel to the reaction observed with hydrazine hydrate. 

The nitrogen -haloids are found to be readily reduced by solutions 
of titanous chloride, the reaction taking place quantitatively in the 
cases examined. A quantity of the reagent equivalent to two atoms 
of hydrogen is required for the reduction of the gram-molecular 
quantity of the sulphon chioroamides, four equivalents being required 
for the sulphondich loro amides. The reactions are expressed in the 
following general equations : 

R-SOsKINX + H2 - R*SOj>K:NH + HX. 

R-SO.-XXj + 2H2 - R'SOa'NHa + 2 HX. 

A-Chloroacetanilide, acetobromoaraide, succinchloroimide, and 
succiabromoimide are also quantitatively reduced, a quantity of 
titanous chloride solution equivalent to two atoms of hydrogen being 
required for the reduction of the gram- molecular quantity of each of 
these compounds. 

Mono- and di-broinomalonamide are also acted upon by titanous 
chloride, the bromine atoms being removed in the reduction. Two, 
and four, equivalents of hydrogen are required for the reduction in 
the respective cases. 

CHBrlCO-NHj). + - CH2(00'NH2)2 A HBr. 

CBr 2 {CO-XH 2 )V+ -'H. - CHjfCO'XHjlo + 2HBr. 

Nitromalonic ester requires six hydrogen equivalents for the 
reduction of the nitro-group, and ethyl bromonitromalonate requires 
eight equivalents for the reduction of the gram-molecular quantity. 
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iplie bromine atom is therefore removed from the bromonitro- ester 
during the reaction. This behaviour is in contrast with that of mono- 
bromonitromethane on the one hand and tliat of the bromomalonic 
esters on the other. The halogen atom in the nitroparaffin with- 
stands the action both of titanous salts and of hydrazine, and the 
bromomalonic esters, although reactive with hydrazine, are only 
partly reduced after prolonged treatment with titanous chloride. 
^ the titanium reductions were carried out under similar conditions 
in all cases, the resistance to reduction can only be ascribed to a 
difference in the reactivity of the compounds. Marked differences 
in the reactivities are to be expected from the point of view of the 
alternate effect in the molecule. The polarities of the oxygen atoms 
of the nitro -group in bromonitromethane do not endow the halogen 
atom with an elec tropositiven css sufficient to make it reactive with 
either hydrazine or titanous salts ; in bromonitromalonic ester, the 
effect of the nitro-group is reinforced by that of the carhethoxy- 
groups and the very positive bromine atom is readily removed both 
by hydrazine and by titanous chloride ; and in the bromomalonic 
esters the effect of the carbethoxy -groups makes the halogen suffi- 
ciently positive to react with hydrazine, but in the absence of the 
reinforcing effect of the nitro-group the halogen is not of a sufficiently 
electropositive nature to be susceptible to reduction by titanous 
salts. 

Some observations have already been made on the action of 
organic halogen compounds on ammonia. Hoffmann {Eer., 1S82, 
15 , 407) pointed out that aliphatic hromo-amides oxidise ammonia, 
liberating nitrogen. Wills tat ter and Hot ten rot li {Eer., 1004 , 37 , 
1780) later showed that the bromine atom is removed from ethyl 
bromonitromalonate when gaseous ammonia is passed into an 
ethereal solution of the ester, the product being the ammonium salt 
of ethyl nitroraalonato ; the same product is obtained w hen the ester 
is shaken with strong aqueous ammonia. In contrast with this, it 
was noted that concentrated aqueous solutions of ammonia acted on 
methyl bromonitroacetate on long standing, but the halogen atom 
was not removed, as the product of the reaction w'as found to be 
bromonitroacetamide. This behaviour is to be expected, for the 
halogen in bromonitroacetic ester is not of so positive a character 
as the bromme in the corresponding inalonate, the latter being 
subjected to the influence of an additional car bet boxy-group. 

More recently, Short (T., 1921, 119 , Hlo) has sliowui that the halo- 
gen atom is removed from iN"-chloroacetanilide by the action of 
ammonia, and has based a method of estimation on measurement of 
the nitrogen evolved when a stream x)f dry gaseous ammonia is 
passed into a solution of the halogen compound in dry benzene. In 
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the present work it is found that ammonia is readily oxidised by 
nitrogen haloids, and measurement of the mtrogen evolved shows 
that the reaction probably takes place (luantitatively. The results 
obtained, however, aro slightly low and the reaction cannot be 
recommended as the basis of a method of estimation, not only on 
account of the low results obtained, but also by reason of its cumber- 

some nature compared with the hydrazme method _ 

Succinchloroimide and suceinbromoimide react vigorously wft 
concentrated aqueous solutions of ammonia, the resuHs obtained 
being from 1—4 per cent, low when calculated according to the 

equation 2 NH 3 = SRINH + Nj + 3HC1. 

Sulphondichloroamides also react readily with ammonia, but the 
results obtained in such cases are also about 3 per cent. low. 

Aqueous ammonia was found to be without reduemg action at the 
ordinary temperature on the bromomalonic esters, bromomalon- 
amides, the halogen derivatives of diketones such as acetylacstone, 

1 • l.dimethylcyclohexane-3 : 5-dione, and ci/ctohexanespi™|;cto. 
hexane.3:5-diono. Potassium derivatives of sulpbonmonoch om- 
amides, such a-s chloramine T. were also found to be unattacked. 

Experimental. 

The titanium solutions employed in the reductions were prep,irod 
bv boiling 500 c.c. of commercial titanous chloride (lo per cent, 
solution) with 800 c.c. of concentrated hydrochloric acid for a few 
minutes. The resulting solution was diluted with S'o litrc.s of iva er 
and transferred to a storage apparatus of the usual type. The sola- 
tion was standardised with methylene-blue and potassium chlora^tc. 

In tlie estimations, the substance under examination was boW 
gently under reflux for about thirty minutes with an excess of ic 
Itanous chloride solution, a slow stream of carbon dioxide b^ 
passed through the apparatus during the entire reduction. Afte 
Xg the Excess ol Utanous ohlondc was determined h^- 
titration witli a standardised solution of iron alum. Ifl.OW Ca 
of the titanous chloride solution were found to be cqunak 
2 is of hydrogen, so 1 c.c. of the solution corresponds iv b 

O'WISGO grani of clilorine or 0'004200 gram of bromme. .f the 
reduction follows the course 

E'X -f == R-H + HX. 

The apparatus employed in the cstima-tions with ammoma consul 
essentianrof a na.ow-moiHhcd, , 

burette, and a 100 c.c. Tennant nitrometer with second 
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jjjent. The substance under examination is placed in the graduated 
vessel and covered with a little water. A two-holed stopper is fitted 
into the mouth of the vessel, the burette being attached through 
one of the holes whilst a side tube leading to the nitrometer is fitted 
into the other. The nitrometer is filled with dilute hydrochloric 
acid. An excess of concentrated aqueous solution of ammonia 
(i0'880) is slowly run in from the burette, and the nitrogen evolved 
drives air over into the nitrometer. The burette is now filled with 
concentrated hydrochloric acid coloured with litmus, and this is 
run into the graduated flask until excess of acid is present. The 
whole apparatus is left for about thirty minutes, and the gas in the 
nitrometer then measured at atmospheric pressure. The volume 
of liquid introduced into the graduated vessel is noted and deducted 
from the volume of the gas measured in the nitrometer. 

^ji-Chloroacetanilide. — 0*3743 Gram was washed into a small flask 
and boiled under reflux with 50 c.c. of litanous chloride solution, 
39*7 c.c. being required for the reduction. The result corresponds 
with 19*79 per cent, of chlorine, the percentage purity of the sample 
being 94*67. Estimation with hydrazine hydrate gave a value of 
19*65 per cent, of chlorine, w4iich coirc, spends with 94*0 per cent, 
of ^^-chIo^oacetanilide in the sample. 

Potassium Benzenesulphonchloroamidc.~~X sample was dried on 
the water-bath, and 0*2398 gram, when heated under reflux with 
titanous chloride solution, reejuired 19*1 c.c. for reduction. The 
result corresponds with 15*1 per cent, of chlorine (Theoretical, 
15*46 per cent.). 

Benzenesulphondibrornoamide . — On heating 0*1500 gram of an 
impure sample of this substance under reflux with titanous chloride 
solution, 10*1 c.c. of the reagent were rcvquired for the reduction. 
The result corresponds with 28*31 per cent, of bromine, present as 
NBr, and the percentage purity of t he sample is 56* 1 8 . Estimations 
with hydrazine and witli potassium iodide gave an average value of 
56*5 per cent, for the purity of the coinpound. 

Acetobronwamide. —^•2G2S Gram required 10*8 c.c. of titanous 
chloride for reduction. The bromine present as NBr therefore 
amounts to 26*88 per cent., and the sam])lo contains 46*43 per cent, 
of acetobromoamide. Estimations by the hytlrazirie method gave 
a value of 26*84 for the bromine content, cori'cspoiiding with a 
percentage purity of 46*3. 

Potassium 2-NitrotolucneA-sulpJioncJiloroamidc . — An aqueous solu- 
tion of this compound was prepared containing 1*4566 grams in 
25c.c., and 2*5 c.c. of this solution, on being heated under reflux 
Vfith titanous chloride, required 35*89 c.c. for complete reduction. 
The molecular quantity therefore requires a volume of titanous 
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chloride solution equivalent to 7*53 (approximately 8) grams 
of hydrogen. The halogen atom is therefore removed in the 
reduction. 

Dickloramine T. — A commercial sample was examined and 0*23% 
gram required 34*57 c.c. of titanous chloride for reduction. The 
sample therefore contains 90*7 per cent, of p-toluenesulphondichloro- 
amide. The substance reacts readily with ammonia, nitrogen being 
liberated almost quantitatively. 0*3580 Gram was found to liberate 
21*4 c.c. of nitrogen at 16*5'’ and 740 mm. This corresponds with a 
content of 87*7 per cent, of the dichloroamide, the result being about 
3 per cent, lower than the values obtained fay other methods. 

Succinchhroimide was quantitatively reduced by titanous chloride 
0*1336 gram requiring 19*05 c.c. of the reagent for complete reduc- 
lion. This corresponds to a percentage purity of 100*1. The 
compound reacts with ammonia with the rapid evolution of nitrooen. 
0*4020 Gram liberated 24*2 c.c. of nitrogen at H'' and 733 mm., 
whicb gives a value for the percentage purity of 98*74. Estimations 
by the potassium iodide, thiosulphate, and hydrazine methods 
showed the sample to be pure, and the results obtained 'with ammonia 
are therefore low. 

Succinbromomidc. — A pure sample w*as examined and gave 
concordant results in hydrazine, thiosulphate, and titanium esti- 
mations. The ammonia value was again low, 0*6920 Gram reacted 
quickly with ammonia and liberated 30*4 c.c. of nitrogen at 10*5" 
and 736 mm., which gives a value of 95*63 per cent, for the purity 
of the sample. 

Ethyl Niiromahnaie. — An alcoholic solution was prepared con- 
taining 2*05 grams of nitromalonic ester in 25 c.c., and 2 c.c, of this 
solution were heated under reflux with titanous chloride solution; 
45*1 c.c, of the reagent were required for the reduction. The mole- 
cular quantity, therefore, requires a volume of the reagent equivalent 
to approximately 6 grams of hydrogen, so the reduction of the nitro- 
group is quantitative. 

Ethyl Bromonitromalomte. — An alcoholic solution wa.s prepared 
containing 2*84 grams in 25 c.c., and 2 c.c. required 59*6 c.c. of 
titanous chloride for complete reduction. The molecular quantity 
therefore requires a volume of the reagent equivalent to 7*84 grams 
(approximately 8 grains) of hydrogen. The bromine atom is there- 
fore removed in the reduction. 

Ethyl monobromo-, dibromo-, and Uobulylbromo-malona(e,s were not 
reduced by titanous chloride solution under ordinary conditions, 
but on prolonged boiling under reflux of alcoholic solutions of the 
esters with excess of the reagent reduction took place, upwards of 
20 per cent, of the ester being acted upon. 
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Ethyl acetylbromomalonaie was unattacked by titanous chloride 
even after heating under reflux for two hours. 

}Jonobromomalonamide. — O' 1884 Gram was dissolved in 20 c.c. of 
alcohol and gently boiled with 30 c.c. of titanous chloride under 
reflux for half an hour. 1 9 ‘0 C.c. of the reagent Averc oxidised in the 
reaction, so the molecular quantity of broinomalonamidc requires 
a volume of reagent equivalent to r92 grams (approximately 2 
grams) of hydrogen for reduction, and therefore the bromme atom is 
quantitatively removed. The compound is without oxidising action 
on ammonia. 

])ibro7norn^lona7nide . — 02683 Gram was dissolved in 20 c.c. of 
alcohol and heated under reflux with 50 c.c. of titanous chloride 
solution. 38*36 C.c. of the reagent were oxidised in the reaction, 
so the molecular quantity of dibro morn a Ion amide require.s a volume 
of the reagent equivalent to 3'92 grams (approximately 4 grains) 
of hydrogen for reduction. The bromine atoms are therefore 
removed in the reaction. • 

Monobromo7mlon77ietkykimide was not fully reduced by titanous 
chloride after treatment extending over half an hour. O' 2088 Gram 
oxidised 16'8 c.c. of the reagent, which con’csponds with an 88'5 
per cent, reduction. 

Chemical Research Labor atoiues, 

United Coli^ece of St. S.vLVATori and St. Leonard, 

University of St. Andrews. 

[Received, August 22nd, 1922.1 


CCCI . — Derivatives of Metkylstannonic Acid ; Their 
Bearing upon its Constitution, 

By Heubert Lambourne. 

It is the object of this paper to show^ that the so-called methyl* 
stannonic acid is not represented by the simpile formula CHg'SnO’OH, 
but is probably a coriiplex molecule containing three atoms of tin. 
Excellent yields of this compound were obtained by modifying 
Pfeiffer's method of preparation (Z. anory. Chrnii., 1910, 68, 106). 
This author accepts Hantzsch's vie^v of the quadri valency of tin 
in potassium stannite, H*SnO*OK, and assumes that in the reaction 
vith methyl iodide a methyl group is suhslituted for the hydrogen 
atom. The present author w ould suggest that the name potassium 
stannonate'’ for this quadrivalent tin compound would be pre- 
ferable to “ potassium stannitc,” in order to distinguish it from 
the apparently non-existent stannito^jrroper, 8n(OK);,. In view of 
the undoubted quadrivalence of tin in organic compounds such as 
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methyl- and ethyl-stannonio acids, the alteration of these names 
by Gladstone (this vol. p. 65) to. for example “ ethylstannous 
acid” seems difficult to justify. The term methylstannonie 
acid ” was originally applied in analogy with the so-called siliconic 
firid'^ R’SiO’OH. These acids, described by Ladenburg {Annalm^ 
187’ ’ 164 306 ■ 1874, 173, 150) and Melzer (Bcr., 1908, 41. 3391), 
were conclusivky proved by Meads and ICipping (T., 1914, 105, 
679- 1915 107 459 ) to be mixtures of condensed molecules derived 
from E-Si(OH)’. Kipping (T., 1912, 101, 2108, 2125) has ako 
shown the existence of complex organic silicon compounds such as 

H0-SiPh,-0-SiPh,-0-SiPha-0H and 0<|^^^^;^>SiPh,. Further, 

the various inorganic silicic acids and siheates are known to bed 
considerable molecular complexity, silicon showg a marked 
tendency to form both open and closed chains of silicon and oxygen 
atoms alternately combined. The probability of the morganic 
stannic acids exhibiting a similar tendency would here seem to be 
indicated. Thus a-stannic acid, H^SnO,, is usuaUy reg^ded as 
being the first anhydro-acid of the ortho-compound, Sn(OH),; to 
author would suggest the probability of its bemg a polymerised 
substance, {H 2 Sn 03 ) 3 , containing alternately linked tm and oxygen 
atoms (4). 

{A.) (HO)3Sn<°|^jgSjpO io>S“<olnMc(OH)>0 


This cyclic formula would not be out of harmony with the con- 
clusions of Collins and Wood (this vol., p. 443), who indicate a 
probable mode of condensation of the amplioterio ortho-compomd 
L(0H),. and mention (H0)3Sn-0-Sn(0H)3 as a possible fat 
condensation product. It would seem that in the case of to 
stannic acids, whilst the alkali salts are correctly represented by 
a comparatively simple structure, the free acids are complex sub- 
stances. The experimental evidence (?. t>.) is strongly m favour 
of methylstannonie acid having the cyclic structure (B). 

A further point in favour of such a formula is the very s g 
resemblance of methylstannonie acid to its carbon analo^e, acetic 
acid, CHj-CO-OH. The stability of methylstannonie acid, and its 
insolubility in water and most organic solvents, would indicate a 
molecular complex, or some condensation product mo/® ^ 
related to the so-called siliconic acids. The nature of the n 
derivatives about to be described seems to establish f/Uy 
stitution of methylstannonie acid, as investigation of their s ro 

showed them aU to contain three atoms of tin linked by o yg 
atoms. The action of acetic, monochloroacetic, formic, and be 
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acids, respectively, on methylstannonic acid resulted in the formation 
of compounds which conformed to the formulse 

O-COR O-COR 0‘COR 
CHj-Sn— 0— 0— L-CH^ , 

O-COR (^Hj 6-COR 


where R = CH3 (I), CHjCl (II), H (III), and CjHs (IV), respectively. 

The analytical data alone of these compounds were practically 
sufficient to justify the molecular formulae, but in addition molecular 
weight determinations, made with I and If, confirmed the con- 
stitutions shown above. At first sight, it would apjjear that the 
parent substance, methylstannonic acid, should be similarly 
represented (( 7 ), 


OH OH OH 
(C.) CH3-Sn-0-^n-0-Sn-CH3 
OH (I:h3 (!ih 


| - 0 - I 

I 1 

CHj-Sn-O-Sn-O-Sn-CIIj 
OH ^Hj OH 


being derived from three molecules of the hypothetical ortho-com- 
pound, CH3-Sn(OH)3, by loss of water (2 mols.). Such a formula, 
however, is contrary to the analytical data, which agree with the 
empirical formula CHg-SnO’OH. Further condensation, with 
elimination of another molecule of water, w^ould produce a cyclic 
compound, the constitution {D) of which receives considerable 
support from the existence of analogous compounds obtained from 
the acetyl ( 1 ) and formyl (III) compounds. Thus the penta-acetyl 
derivative on partial hydrolysis produced a much more stable 
triacotyl compound, W'hich W'as insoluble in water and all ordinary 
organic solvents. The reaction may be represented by the follow- 
ing equation ; 

j 0 — — T 

I O-CO’CHg I 

(I) + H^O CH3*«n— 0 — Sn— 0— Sn-CHa -f 2CH3-C02H. 

O'CO'CHa CH3 O-CO-CIIa 

It will be noted that this triacetyl derivative is a poly'merised form 
of the monoacetyl compound, CHg-SnO-O-CO-CHg, That it 
conforms to the formula (CH3*Sn0*0*C0-CH3)3, and not to the 
simple unimolecular formula, is proved by a molecular weight 
determination in phenol (cryoscopic). Now the original penta- 
acetyl compound (I) was formed by the action of excess of glacial 
acetic acid on methylstannonic acid. If a relatively small amount 
of acetic acid was brought into contact with methylstannonic acid 
(about equimolecular proportions), the first product was found 



2536 LAMBOUENE : DEEIVATIVES OF MBTHYLSTAKEONIC ACID; 

to be identical with that obtained by partial hydrolysis of the 
penta-aoetyl derivative, namely, the triacetyl componnd Further, 
prolonged contact of this latter substance with bodmg glacial 
Ltic acid was required before reconversion into the penta-aoetyl 
compound occurred. These facts would seem to indicate that the 
triacetyl derivative is very similar in consti ution to methyl- 
stannonio acid, and were taken as evidence of the termofecular 
structure of the latter. Continued action of acetic acid on the 
triacetyl compound broke open the ring and produced the ponta- 
acetyl compound. It might be expected that complete rupture of 
the ring would occur with formation of three molecules of the 
triacetvl derivative, CHa-SnlO-CO'CH^la o the trihydroxide, 
TH ’Sn(OH) It is possible that this actually does take place m 
the' acetic acid solution, but the ortho-acetyl compound is too 
unstable to be isolated ; on keeping the solution after concentration, 
condensation occurs and the more complex penta-aoetyl derivative 
.onsrates Finally, a quantitative conversion of the penta-acetyl 
derivath-e into the triacetyl compound was efiocted and the result 
was in close agreement with that demanded by the equation given 

"^compound corresponding with this triacetyl derivative was 
obtained in a similar manner by partly hydrolysing the penta- 
formyl compound. This triformyl componnd (constitution analogous 
to m reseibled the triacctyl derivative being apparently o t o 
same crystalline (rhomboidal) form, and showed similar stebilily 
towards water and ordinary organic solvents. 

A pentabenzoyl derivative was produced by the reaction between 
metoTktannoniJ and benzoic acids, and analysis showed it to be 
of the^same constitution as the other penta-substituted den'atnes 

Further work is proceeding to prove as completely as possible 
the constitution of this new type of derivative from methylstan- 
nonic acid. Attempts are also being made to produce analogous 
compounds of cthybtannonic acid. 

E X P K K I M E N T A L. 

MdhyU{anno)uc Acid. 

Pfeiifer's method [loc. cit.) was modified as follows : To ^ sohiticn 
fni'toe precipitate first formed i^f to 

:3:tirofthcta;t^ 



!teEIfe BEARING UPON ITS CONSTITUTION. 253^ 

(30 grams) and sufficient ethyl alcohol (about 250 c.c.) were added 
to make the solution homogeneous. Three days afterwards, carbon 
^oxide was passed through the solution (under pressure), saturation 
lacing indicated by only faint alkalinity towards litmus. The 
heavy, white, crystalline precipitate of potassium methylstannoyl 
carbonate, CHg'SnO'O'COgK (Pfeiffer, loc. dt.) was filtered off, de- 
composed by boiling with water, and the precipitated methylstan- 
nonic acid was washed thoroughly with boiling water. The yield was 
29 grams and a further 8 grams was obtained by evaporation (on 
a wate?'bath) of the filtrate from the potassium methylstannoyl 

carbonate. 

Fenta-acetyl Compov:nd (Formula I).-~Methylstamionic acid dis- 
solved readily in excess of boiling glacial acetic acid to give a slightly 
turbid, brown solution, which was filtered and concentrated. Oji 
prolonged keeping, crystalline nodules separated, wffiich dissolved 
in hot acetic acid much more readily than did niethylstannonic acid. 
Crystallisation also occurred more easily, although the solution 
exhibited a high degree of supersaturation. Repeated crystal- 
lisation from acetic acid gave a product, flat prisms, which was 
washed with dry ether and dried over sodium hydroxide in a vacuum 
desiccator. This penta-aceUjl derivative, w'hich appeared perfectly 
homogeneous under the microscope, did not melt, but began to 
decompose at about 250^^, and on complete ignition left a residue 
of stannic oxide. Atmospheric moisture hydrolysed the compound 
with liberation of acetic acid ; small quantities of water and ethyl 
alcohol produced a partly hydrolysed triacetyl derivative in rhom- 
boidal crystals. It would appear that solution was effected in 
the first instance, followed by immediate precipitation of the more 
stable triacetyl compound; similar results, produced by ordinary 
chloroform and carbon tetrachloride, xvere probably due to small 
amounts of whter present in these solvents. Excess of water 
brought about complete hydrolysis to methylstannonic and acetic 
acids. 

Tin was estimated after cautious ignition with a few drops of 
fuming nitric acid and concentrated sulphuric acid, the final pr(^uct 
being stannic oxide. Estimation of acetyl groups was carried out 
by Perkin’s method and also by the benzenesiilphonic acid method. 
The molecular weight determination was carried out in boiling 
glacial acetic acid (Found; 0=21-34, 21*50; H = 3-31, 3'40; Sn = 
49-01; CHg'CO = 29-62, 29-78; J/ = 713. 
requires C= 21-40; H = 3'29; Sn 48-98; CHa'CO = 29-49 per 
cent. ; M = 729). 

Triacelyl Compound. — The action of a. small quantity of glacial 
aeetic acid on methylstannonic acid (slightly less than equal mole- 
VOL.cxxi. 4 r 
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1 phaneed the latter from a white, amorphous 

cular proportion 

powdertoa grannr.cjtamn ^ derivative with a smal 

by partial hy derivative was best obtained 

amount of water or ale hob 

"rtbl pi aScoiund ; on warming on a water-bath, ot „n 
of the penta-acet> temperature, the triacctyl compound 

long keeping at All these methods gave tfe 

was produced in were washed with hot 

compound in r ora wa 3 ^ desiccator. Microscopical 

alcohol and dri . compound was homogeneous, and this 

^dtrutrarr -'‘n 

melting) at about -oU , leaving i 

^witnouii ^.1 «tnhlo' very prolonged boiliM 

friacetvl compound was \eiy siaDie , i ^ « 

S u,o .od — : t. 

ipictetdrolSBi acetic and methylstannonic acols. The 

:r;Lrd»,;,v,d d, c« 

alcohol «*^‘herrcprecipdatedtlie »u^ 

™"ro' ^■.O- 34 ’ 0-‘’0 J/, in freezing phenol, =621. tyi^O^Sn. 

CH3-CO = ;,,87. .Sn = 51v94; CH^-CO = 20 ;« f- 

s;“fi iT,« »»i «i '"“"‘i' '"“I”""''’ 

yield, calculated from the equation 

C,3H,,OioSn3 + H,0 ^ C,HisO,8ii3 + 2CH,-C0,H, 

18 86-02 percent. -,,„j nil —Boiling mcnochloroacctie aril 

MonocUoroaceti/l Compound H). Boiling 

obtained melting at -li — Pvdrolv^ed by water. 1 

in alcohol or acetone and appare 3 . ^ ^ ^ 

partly hydrolysed derivative comspondmg to th t 

Jound has not been obtained (hound . bui -^^39 -J , s._ 

19-63,19-61; Jf, in bo, Img benzene. - 809, ^ w 

requires Sn = 39-61 ; Cl == 19 j {,„.„ic neid 

Pentoformyl Compound (> ,^,idwerea,kl«'Bd 

to boiling, small qiiantities.of nut 3 
the solution became rather viscous. \Mto 
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jne, needle-shaped orj-stab were obtained by concentrating the 
solution in a vacuum at the ordinary temperature, and recrystal- 
lisation from formic acid wa,s performed in the same way. Decom- 
position (ivithout melting) began at about 240^ and appeared to 
be complete at about 280“, the usual rc.sidue of stannic oxide being 
obtained. This pentaformyl compound wa,3 readily soluble in 
water, complete hydrolysis to methyLstannonic and formic acids 
occurring on boiling. Treatment with alcohol produced a 
triformyl derivative (Found: C ^ 14-4e, 14-42; H 227 
,Sn = 54-26, 54 30. TtgHj^OjjSn, requires 0=14-56; H = 2-24- 
,Sn = 54-18 per cent.). ’ “ “ ’ 


Trijormyl Cmnpound—Tho triformyl derivative of methyl- 
stannonic acid corresponding with the triacetyl compound was 
prepared in a similar manner, namely, partial hydrolysis with ethyl 
alcohol. Excess of alcohol was added to a formic acid solution 
of the pentaformyl compound ; on warming for a short time on the 
water-bath, the triformyl compound separated in rhomboidal 
crystals. Prolonged heating was inadvi.sable, as further hydrolysis 
or decomposition apparently occurred with separation of a flocculent 
precipitate. The compound wa.s filtered, washed with warm 
ilcohol, and dried in a vacuum de.siccator. Evidence of purity 
was again dependent on microscopical examination, as the compound 
lould not be recrystallised owing to its insolubility in water and 
most organic solvents. In this re.spcct it resembled its stable 
liiacetyl analogue. It decomposed, without melting at about 
170” (Found: C = 11-97, 11-05; H = 1-96, 2-05; Sn = 60'88, 60-85. 
IjHjjOjSuj requires C = 12-31 ; H =- 2-05; ISn = 01-02 per cent ) 
Pmiabmzoyl Compound (IV),-Pre!iminary experiments were 
nade with the penta-acetyl compound, which was found to dissolve 
nfused benzoic acid with expulsion of acetic acid. The anticipation 
hat a corresponding pentahenzoyl derivative would be produced 
»as realised, as the residue left after extraction with ether was 
:o,ind to have the expected composition. A purer compound was 
ibtained as follows : To fused benzoic acid (12 grams) methyl 
itaomc acid was added in small quantities .so long as a clear 

S '";! which 

, Id be added. If the temperature was allowed to rise above 

h ’ ™ “■‘ss darkened considerably and an impure, yellow 

rorl ^ repeatedly extracted with ether 

mi 1 " residue 

ictone fmm "'I ™™l>lP‘cly -soluble in boiling 

I about ’ '* ‘^‘■y^^'ilhsed m niifnitc rhorabolicdra melting 

- - - It was apparciilly insoluble in water, but readily 

4 R 2 
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11 1 V. 1 QTifl Riiarinslv soluble in ethyl acetate 

soluble in ethyl “V-TI) 3-55; Sn = 34-49, 34 M. 

(Found: 0 = 43 - 56 , 43 - 65 ; W. 3 . 3^,33^^^ 

CjsHj^Oi^Sns requires C = 43 - 88 , ii 

University College, [Received, Avgust ISi/i, 1922.] 

Nottingham. 


(^CCII-^ Simplified Method for_ the Resolution oj 

Methyl-n-hexylcarbinol 

By Joseph Kenyon. 

s„„ .e» • ”! 

Ti-hexylcarbm^) mto is op 

Pickard and Kenyon ( ’ converted into its hydrogen 

described as follows : ^ anhydride and this in turn 

phthalic ester by ,^,,hich Ls Iractionally crystallistd 

is converted into ds b is reached. By this means, 

from acetone until of the hydrogen phthalk 

the optically puie, dext , ^ . ig yields the optically part 
ester is obtained and this o^^Son^ of the brucine saltan 
dextro-alcohol. The more . . j „ije ester of fairly high lasva 

decomposed, when a ciiichonidine, and th, 

rotation is obtained, acetone until optical punt] 

“tS* t‘ .hT «. «" ‘ 

and gives good results " ,^o^nts of material 

become considerable when relativ y ^ 
employed ; in the fet place th-olubd|ty m aceto 

salt of d-sec.-octyl hytoge p although this has Ih 

of the corresponding dl- or 

great advantage of giving a from the praohej 

Z-ifiomeridea, yet it has me Ur^e volumcb ol 

5 vki •t'”!"™* 

Utone, this having proved daed by lar drawback aii« 

X“f .s .hiitta 
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of the optically pure ?-form of the hydrogen phthalate requires a 
larger number of crystallisations of the cinchonidine salt, and the 
proportion obtained is also much less than is the case with the 
brucine salt. 

As fairly large quantities of the optically pure forms of scc.-octyl 
alcohol were required in the course of some work, experiments 
were initiated with the view of increasing the convenience and, if 
possible, the efficiency of the method outlined above, and the 
following results have been obtained. 

It has been found that the optically active modifications of 
sec.'Octyl hydrogen phthalate arc much less soluble in acetic acid 
than the inactive modification, and that, in consequence, the 
crystallisation of a partly resolved sample rapidly gives the 
optically pure form of -octyl hydrogen phthalate. 

The procedure can perhaps be most concisely described by giving 
the details of an actual experiment, and this is done in the experi- 
mental portion of this paper. It will be seen that the employment 
of large volumes of acetone is avoided and the use of cinchonidine 
dispensed with altogether. In addition, the actual labour involved 
is probably only about one- tenth of that required by the original 
nietliod, and the saving of time correspondingly great. 

As the conversion of sec. -octyl alcohol into its hydrogen phthalic 
ester and its regeneration from this by hydrolysis arc both almost 
quantitative reactions, it will be seen that the optically active 
sc’C.-octyl alcohols become sulistances whicli are readily available 
in considerable amounts. 

Experimental- 

To a warm solution of -octyl hydrogen phthalate {‘27S grams) 
in acetone (OOO c.c.) is added brucine (394 grains), and the mixture 
warmed until solution is complete. After cooling, the crystals 
of brucine salt (A) arc filtered off, pres.sed, and washed in the funnel 
with acetone {250 c.c.) to remove adhering mother-liquor. The 
combined filtrate and W'ashings are concentrated to about half bulk 
and poured into dilute hydrochloric acid, when the hydrogen 
phthalic ester separates as an oil w’liich quickly sets to a crystalline 
ma.ss. It is filtered off, wmshed with cold water, and spread on 
porous plate. It is not necessary to dry the product, but if this 
is done, it is found that its weiglit is approximately one -ha If of that 
of the hydrogen phthalate originally taken, and that it has the 
rotation in 5 per cent, solution in absolute alcohcl of [a] — 47^. 

The crystals A arc dissolved in tlie inininuim amount of hot 
f'thyl alcohol and decomposed by pouring the solution into dilute 
hydrochloric acid. The w’cight of hydrogen phthalic ester obtained 
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is about half of that originally taken and its rotation is about 
W54ei + «“- 

These two lots of partly active sec.-octyl hydrogen phthalate are 
now separately crystallised twice from acetic acid (about twice 
their weight of 90 per cent, acetic acid being required for solutiou 
each case), when they are obtained in an optically pure condition and 
possess the rotations [a] 546 i “ b8'5° and 4- 58-3°, respectively 

The amount of pure product obtained in each case was, respcc. 
tively, 99 grams and 90 grams, corresponding to a yield of 70 pp^ 
cent, of that theoretically possible. 

Battersea Polytechnic. [Recciir.(f, Oef-ober 1022 ,] 


CCQlll.—Decojnposition of Dithiocarbazinates. 

By Sima M. Losanitch. 

In the decomposition accompanying the evaporation on the 
water-bath of an aqueous or alcoholic solution of ammonium or 
substituted ammonium dithiocarbazinate (T., 1921, 119, 764), two 
stages are recognisable ; at first, hydrogen sulphide only is evolved 
and towards the end ammonia. The formation of the ammonium 
sulphide is evidently due to initiation of the second reaction before 
the first is completed. 

The first reaction, in the case of hydrazine dithiocarbazinate, 
NHs’NH-CS-SNoH^ - 4 NHo-NH-CS-NH-OT.,, 

gives rise to thiocarbohydrazide, w^hich is obtained pure by crys- 
tallisation of the diy residue from boiling water (m. p, 1G9°. Found : 
N = 52-7 per cent.) ; the motherdiqnor contain.s the easily soluble, 
acid product resulting from the second stage of the decomposition, 
to which reference is made below. 

Ammonium dithiocarbazinate behaves differently under com- 
parable conditions, for the expected thioscmicarbazide immediate!}^ 
undergoes further changes, culminating in the formation of the 
acid product (II) finally isolated ; it probably reacts with unchanged 
ammonium dithiocarbazinate to yield, in the second stage of the 
decomposition, ammonia and dithiocarbazinic thio- anhydride (I), 

(i) NHyNH-CS-SNH, - f NH2*NH*CS*NH2 

(ii) NH,-NH-CS*SNH^ 4 NIIa'CS-NH'NHa 4 

NH2-NH*CS*S'CS*NH-NH2 (I.) 

which isomeriscs to the modification n ^ ^ or 
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Behaviour analogous to the preceding is shown by aikylaramonium 
dithiocarbazinates when treated in a similar manner. As a result 
of a side reaction in all these cases, a small amount of thiocarbo- 
hydrazide is formed. 

The same acid product (II) is also obtained by prolonged heating 
of hydrazine dithiocarbazinate in solution : 

NHg-NH-CS'SN^H^ + NH^^NH-CS-NH-NH^ = + (i.) ^ (ll.) 

It is to be noted, in support of the preceding explanation of the 
mechanism of the decomposition, that thiocarbohydrazide alone, 
under comparable conditions, remains unaltered, and that the 
thio-anhydridc (I or II) is obtained only when the primary dithio* 
carhazinate is also present. 

The thio-anhydride (I or II), the ultimate product of decom- 
position of all dithiocarbazinates, has already been prepared in one 
operation by Busch {Ber,y 1894, 27, 2518) by heating an alcoholic 
solution of carbon disidphide, hydrazine sulphate, and potassium 
hydroxide for three hours on the water-bath. He is inclined to 
regard it as the hydrazine salt of 2 : 5-dithiol- 1 : 3 : 4-thiodiazole, 

M OTT > although the acid can be set free from this 

hydrazine salt not by dilute, but only by concentrated hydro- 
chloric acid, an indication that the strong acid produces a profound 
change in the structure of the substance. 

In view of the facts mentioned above, it is obvious that the 
dithiocarbazinate is the parent substance of the thio-anhydride, 
and therefore the proposed constitution (I or II) is more probable 
than that of Busch, the more so as it is scarcely conceivable that a 
hydrazine salt could have been produced under the experimental 
condition he employed, namely, an excess of alkali. The formation 
of the dithiolthiodiazole by the action of concentrated hydro- 
chloric acid would therefore be represented as follows : 


NH,-N N-NH, 
HS-C*S*C-SH 


N,H, + H 
- ^ HS-C-S'C-SH 


(III.) 


Experimental, 

Dithiocarbazinic tJiio-anhydride (Formula I or II) is obtained 
together with sulphur when an aqueous or alcoholic solution of 
any of the above-mentioned dithiocarbazinates is evaporated 
to dryness. The residue is dissolved in boiling water, the solution 
filtered from sulphur, cooled to remove thiocarbohydrazide by 
crystallisation, and the filtrate again Evaporated to dryness. The 
residue crystallises from alcohol in needles or small plates, which 
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change at about 170® and melt at 225®, The thio-anbydride ig 
readily soluble in water, but less soluble in alcohol (Foand 
C =- 13-24 ; H == 3-59 ; N = 31-20 ; S 53‘20. require.' 

C = 13-19; H = 3-30; N = 30-77; S = 52-74 per cent.). 

With methyl iodide the thio- anhydride yields 2 : ^-dimethylthiol 
1:3: 4-thiodiazoIe, identical with the ether derived from tlie 
dithiol-thiodiazole (below). 

2 : 5-Dithiol-l : 3 ; i4kiodiazole (Formula III) (compare Busch 
loc. cit.) is most conveniently prepared by adding, with cooling' 
17 grams of carbon disulphide to a solution of 10 grams of hydrazine 
hydrate in 100 c.c. of alcohohc ammonia. The mixture is evapo 
rated on the w'ater-bath, the residue dissolved in boiling water 
the solution filtered from sulphur, and mixed with an equal volume 
of alcohol, and concentrated hydi’o chloric acid added until crystals 
begin to separate, which will fill the solution when it shall be cooled 
(yield 18 grams). If the addition of alcohol is omitted, the sub. 
stance will be precipitated in very small crystals. Litmus paper 
is reddened and sub.scquently bleached by the aqueous solution 
of the thiodi azole. 

The ammonium salt is converted by methyl iodide to the dimethyl 
ether obtained by Ziegole (J. pr. Chem., 1899, [ii], 60, 42), white 
crystals, m. p. 136 — 137° (Found : C 26-41 ; 

15*82. Calc., C — 26-90; H — 3-37 ; N — 15*73 per cent.), 

2-Thiol-l : 3 : 44hodia::cjJi/l SnJjdiidcs. 

The monosulphide, c, jl c II o Ii oir ^ obtained when 
lio*C *o'C ’o*t- '(3*C *011 

an aqueous or alcoholic solution of 2 : 5-dithiol- 1 : 3 : 4-thiodiazole 
is boiled, or heated on the water-bath, for several days with 
renewal of the evaporated wmter ; during the progress of the reaction, 
hydrogen sulphide is liberated : 2C^,H2N,^S3 — + 04112X^85. 

The monosulphide crystallises in faintly yellow needle.s, which melt 
and decompose at 178®, and is readily soluble in alcohol or ether, 
and sparingly soluble in water (Found: C-=18'65; 11^109: 
N = 20‘70. C4H2N4S5 requires C = 18 05; H 0’75; N — 21'05 
per cent.). 

This monosulphide forms with alkali and ammonia salts which 
are readily soluble in w^ater ; those of tlie heavy metals arc insoluble. 
The silver and lead salts are yellow, the copper salt brown, and the 
cobalt salt green. 

The dimethyl ether, S{C2N2S-SMe)2, obtained from the aiuiuoimna 
salt and methyl iodide, forms colourless crystals, ra. p. 71®, and 
is soluble in alcohol (Found: N ~ 19-71. requires 

N = 19-05 per cent.). 
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The Disulphide, S2(C2HN2S2)2, and PolysulpMde, C4H4N4S7.— 
Tlie disulphide was prepared by Ziegclc by the action of iodine on 
an alcoholic solution of 2 : 5-dithiol-l : 3 : 4-thiodiazolc. I find, 
however, that if the alcoholic solution is boiled with an excess of 
iodine, in addition to this disulphide there is formed a crystalline, 
yellow polysulphkle, ra. p. 186°, which is insoluble in alcohol. 
It is not identical with the polysulphide, obtained by 

Ziegcle from the dithiolthiodiazole by means of ferric chloride, and 
has probably the structure 


NHNH NHNH 

(?-S*C'S*S‘C‘S-C 


s 


-s- 


(Found : C lodO ; H == MO ; N - 17-24 ; S = 67-50. C 4 H 4 N 4 S 7 
re(juires C = 14-46; H = 1-20 1 N — 16-87 ; S = 67-47 per cent.). 


I desire to express my thanks to iMr. D. Yovaiiovitch for some 
assi-stancc in the analytical portion of the work. 

Chemical Institute of the 

University, Belgrade, [ Peedved , Augifst } s (, 1922 .] 


CCClV.—Ehclw-si/nlkesis of Azdak and Thapsic Acids. 

By Mabel Carmichael. 

At the suggestion of Professor Sir James Walker I undertook the 
electrosynthetic preparation of n-heptanedicarboxylic acid and of 
?i-tctradecanedicarboxyliG acid in order to compare tliem with 
azelaic acid and thapsic acid derived from natural sources. 

The electrosynthesis of dibasic acids as carried out by Crum 
Ero^vn and Walker led in every case to the ester of an acid with an 
even number of carbon atoms, thus : 

2C02Ef [CHgl^-C.O-O' = C02Et'[CH2]2.-C02Kt 4- 2 CO 2 . 

In order to prepare the ester of an acid with an odd number of 
carbon atoms, sucli as CO^Et^CH^j^-COaEt, it is necessary to 
electrolyse, not a single ester- salt, but a mixture of ester- salts, one 
with an odd and the other with an even number of carbon atoms, 
so that by addition the resulting number will be odd. Thus 
W’heptanedicarboxylic acid, which contains 7 CHj groups, might 
e prepared from pairs of acids containing respectively 2 and 5 , 
and 3, or 6 and 1 CHg groups. The selection of the particular 
pair T\ill in general be determined by the case of iireparatiou of 
c original ester- salts and by the case of separation of the resulting 

4r* 
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esters or the acids obtained from them. In the present instance, the 
most suitable combination is that of suberic acid, CO 2 H*[CH 2 ]g-C 02 H 
with malonic acid, COgH^CHg'COgH, the original substances being 
readily obtainable and the resulting dibasic acids easily separable. 
The main organic products of the electrolysis of the mixture of the 
sodium ethyl compounds of these acids would be ethyl succinate 
ethyl n-heptanedicarboxylate, and ethyl n-dodcoancdicarboxylate 
produced according to the equations : 

2C02Et'CH2*C0*0' - CO^EtdCHaJa-COgEt + 2 CO 2 . 
COgEt-CHg'CO'O' + C02Ef[CH2]o-CO'0' - 

C02Et'[CH2]/C02Et -h 2 CO 2 . 
2C02Et*[CH2]6*C0*0' - C02Et-[CH2li2-cb2Et + 200.. 

By using excess of the malonic acid compound, we may increase 
the proportion of the ?i-heptanc acid relatively to the ?i-dodecanc 
acid, the large quantity of succinic acid formed simultaneously 
being easily removable owing to its solubility in water. w-Heptane- 
dicarboxylic acid was synthesised in this way and proved to be 
identical with azelaic acid from the oxitlation of castor oil, an 
identity which had already been established by a purely chemical 
method by Haworth and Perkin (T., 1894, 65, 86). 

By electrolysing the sodium ethyl compound of azelaic acid, 
ethyl ?i-tetradecancdicarboxylate was obtained. The acid resulting 
from the hydrolysis of tliis ester was proved to be identical with 
thapsic acid derived from Thapnia. During the progress of this 
work, Stosius and Wicsler {BiochcjtL 7 j., 1920, 108 , 75) published a 
paper on the same subject. Their identiticatiou was based, however, 
on qualitative solubilities and a melting-point determination, and 
further conhrmatiou w as thought desirable. 

E X r K ll 1 .M K X T A L. 

Preparation of Buberic and Azelaic Acid^s from Castor OjV.— T he 
method folloAved w’as a modification of that of Markownikoff {Ber., 
1893, 26, 3089; compare Day, Kon, and Stevenson, T., 1020, 
117 , 641). Instead of nitric acid being added to castor oil, the oil 
(200 grams) was run in successive small quantities into nitric acid 
(400 grams of d 1-25) contained in a flask fitted with an efficient 
mechanical stirrer. To start the reaction 1 gram of sodium nitrite 
was added to the nitric acid. The oxidatio]i proceeded quietly 
and was completed by heating the flask for half an hour on a sand- 
bath after all the castor oil had been added. The resulting product 
was repeatedly extracted with boiling water, the aqueous solutions 
on evaporation to small bulk and crystallisation yielding 40 grams 
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of soM mixed adds. A somewhat better yield was obtained by 
first hydrolysing the castor oil and oxidising the adds obtained from 
it. Titration of the mixed adds obtained by oxidation showed that 
they were present m the approximate proportion of 1 part of azelaic 
acid to 2 parts of subenc acid. 

The method employed by Markownikoff for the separation of the 
two acids proved to be both tedious and unsatisfactory and the 
following scheme was substituted. Advantage was taken of the 
greater solubihty of azelaic acid in ether (2-7 parts per 100 as 
against 0-8 part of suberic add). Calculating from these solu- 
bilities and the composition of the mixed acids, a quantity of ether 
was taken just sufficient to dissolve the azelaic acid. Solution was 
effected in a closed bottle provided with a mechanical stirrer After 
one and a half hours, the contents were filtered through a Buchner 
funnel. The filtrate contained all the azelaic acid and a small 
proportion of subenc add. After evaporation of the ether the 
composition of the residual mixture was ascertained by titration of 
a weighed portion. Water was then added in the quantity just 
n«.ssary to keep the more soluble suberic acid in solution at IS- 
Ihc temperatiiro was then raised until the adds had completely 
dissohred. On cooling, glistening, flaky crystals of azelaic add 
separated, the melting point being 102-10.1“. Recrystallisatioii 
from benzene gave the pure acid mcltinfr at 100“ 

The crude suberic add (m. p. 13o435“) left in the Buchner 
luimd was purifaed by boiling with a small quantity of benzene 
111 which azelaic acid is easily soluble and suberic acid very spar- 
mgy soluble. The purified product melted at 139“. With this 

106 gram.s of pure subenc acid and 64 gram .5 of pure azelaic acid. 

Elcctros}jnlhcsis of Azdaic Add. 

veSd described above was con- 

sub rie ^“berate and then into potassium ethyl 

Lld on per cent, aqueous 

oktion of the aster-salt was prepared and mixed witli a 50 per 

Sion a, T' - --h pS- 

mixed solut " ^ ^ of malonate. The 

as cathode th platinum cnidblc, which acted 

athod , the anode being formed of a spiral of stout platinum 

fc tempo a^ ^ 

two hi c c T 'vatcr-cooling. After 

from 20 c c ^ “* "'"c obtained 

obtained. ’ ’ ^ f'l -- grams of this oil were 


4 k* 2 
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The oil was subjected for a short time to steam distillation bi 
order to remove low- boiling esters of monobasic acids. Xhe 
residual oil was saponified with potassium hydroxide. The acida 
liberated from the solution of potassium salts formed a sludgy 
precipitate, from which w^ere ultimately separated succinic, azelaie 
and /i-dodecanedicarboxylic acids in accordance with the theoretical 
prediction. The separation w'as effected by means of water at 
60®, with filtration at the same temperature. Under these con. 
ditions, n-dodccancdicarboxylio acid is very sparingly soluble and 
may be separated by filtration. From the filtrate n-heptanc- 
dicarboxyhe acid crystallises on cooling, whilst succinic acid 
remains in solution. The n-heptanedicarboxylic acid obtained 
in this way melted at 103®, and on rccrystallisation from benzene 
at 106° [Found : C = 57-46 ; H = 8-49. Calc, for 
C = 57-46 ; H = 8-51 per cent. Replaceable hydrogen by titration, 
1-06; calc, for C7Hi4(C02H)2, 1-08]. The acid in appearance and 
crystalline habit was similar to azelaie acid prepared from castor 
oil, and their complete identity was established by the mixture of 
the two acids melting sharply at 106°. 

Elcctrosynihesis of TJiapsic Acid. 

Azelaie acid, prepared from castor oil, was converted into ethyl 
azelate, which was mixed with 25 parts of rectified spirit and half 
saponified in stages with potassium hydroxide in the cold. Tlie 
potassium ethyl salt obtained after evaporation was freed from 
dipotassium salt by extraction with absolute alcohol, in which the 
latter is insoluble. A 50 per cent, aqueous solution of the potassium 
ethyl salt was electrolysed under tlie same conditions as previously 
described, the current averaging 2 amperes. The oily layer pro- 
duced (23 grams from 62 grams of azelaie acid) was removed by 
means of ether. The residue after evaporation of the ether vas 
subjected to steam distillation until no more oil was carried over. 
A greasy solid remained on cooling, which was spread on porous 
tile and subsequently recrystallised from methyl alcohol. Finally, 
a pure white, finely crystalline solid (17 grams) was obtained 
(Found : C - 70-33, 70-15; H = 11-02, IMl. Calc, for 
C = 70-19; H = 11-11 per cent.). The product had thus the 
composition of the ethyl ester of tetradecanedicarboxylic acid 
and from its mode of formation must possess normal constitution. 
It melted sharply at 39°. 

A portion of the ester was saponified with sodiiim hydroxide in 
boiling methyl alcohol sojution. The alcohol was distilled o 
after completion of the action, and the aqueous solution of t e 
residual sodium salt was acidified with hydrochloric acid. 
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gelatinous precipitate was obtained which was extracted with 
ether and recrystallised from that solvent [Found : C = 67-02 ; 
H = 10*47. Calc, for C = 67-13; 11 = 10-49 per 

cent. Replaceable hydrogen by titration : found 0-70 ; calc, for 
Cj4H28(C02H)2, 

The melting point, 124°, and the solubility of the acid in various 
solvents pointed to its identity with the acid of the same com- 
position obtained by Canzoneri [Gazzeita, 1883, 13 , 514) from the 
resin of Thapsia garganica and named by him thapsic acid. The 
identity was further established by preparation of the anhydride 
and the anilide. The anhydride w^as prepared by boiling with 
acetic anhydride. On recrystallisation from ligroin, it was found 
to melt at 71°, the same melting point as that given by Canzoneri. 
The anilide was prepared by heating the acid in a sealed tube with 
excess of aniline for eight liours at 180°. The contents of the 
tube, on cooling, w^ere shaken with dilute hydrochloric acid and 
ether. The ethereal layer was dried and distilled; the anilide 
remained as a pale violet solid, which, on recrystallisation from 
alcohol, melted at 163°. Canzoneri gives the melting point 
102—163°. 

Ethyl n-Hepienecarboxylate. — According to the scheme put 
forward by Crum Brown and Walker for the electrolysis of the 
ester-salts of dibasic acids, a subsidiary product of the electrolysis 
of ethyl potassium azelate W’ould be ethyl n-heptenccarboxylate, 
formed according to the equation 

2C02Et*[CH2]/CO-O' - C02Et-[CH2l7'C02H + 

CH2:CHTCH2]5-C02Et. 
This ester should be- found in the portion of the electrol^^sed product 
volatile with steam. The steam distillate was accordingly ex- 
tracted with ether, and the ethereal solution after drying was 
subjected to distillation. After removal of the ether the small 
quantity of oil rcmaiiung distilled for the most part at 210—212°. 
It decolorised bromine, and also alkaline potassium permanganate 
in the cold (Found : C = 70-44, 70-61 ; H = 10-71, 10-51. Calc, 
for CjgHjg02, C = 70-58; H = 10-58 per cent.). The ester had 
thus the expected composition and properties. The boiling point, 
as found by the method of Smith and Menzies, w'as 210°, 
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CCCV . — The Action of Bromine Water on Indent 

By John Read and Ebic Hurst. 

In a series of communications dealing \\ith the action of chlorine 
water and bromine water on unsaturated substances, it has been sho^ 
that these reagents function with unsuspected ease as sources of 
potential hypochlorous and hypobroraous acids. In the case of 
ethylene (T., 1917, 111, 240; 1920, 117, 359, 1214), owing to the 
gaseous nature and slight solubility of the hydrocarbon, the reaction 
is comparatively slow, and, in accordance with the generally accepted 
view, the formation of halogenohydrin is promoted by cooling. The 
similar but much more rapid reactions which lead to the formation 
of halogeiiohydrins from cinnamic acid and certain substituted 
cinnamic acids (T., 1921, 119, 1774) and from allyl alcohol (this vol 
p. 989) likewise 3 ield the most satisfactory results at low temperatures 
These observations might therefore be correlated with the tendency 
of hypochlorous and hypobromous acids to undergo decomposition 
when heated in dilute aqueous solution. Such decomposition, how- 
ever, appears ako to be accelerated by sunlight, whereas in no in.stanoe 
in this series of investigations has sunlight proved detrimental to 
halogenohydrin formation; the formation of ethyl enebromoh}^drin, 
indeed, appears to be promoted by conducting the reaction in briglit 
sunbght {loc. cU.^ p. 1221). 

It v/as thus of particular interest to discern, in the interaction 
between bromine W’ater and indcnc, an instance of halogenohydrin 
formation which appeared to be promoted by the application of heat. 
The bromohydrin in question, 2-bromo-l*hydroxyhydrindene, was 
originally prepared in very unsatisfactoiy yield by the prolonged 
action of boiling aqueous alcohol on dihromohydrindene (Kriimerand 
Spilker, Bcr., 1890, 23, 3276). I^atcr, in utilising this substance for 
the preparation of l-hydroxy-2-hydrindamine, Pope and Read 
(T., 1912, 101, 760) showed that it could be obtained rapidly, in 85 
per cent, yield, by adding bromine, dissolved in potassium bromide 
solution, to an emulsion of indene in hot w’ater, whilst in the presence 
of cold water the yield declined to 70 per cent. (T., 1911, 99, 2f)72). 

When the reaction betw'ecn bromine water and indene was sub- 
mitted to a careful quantitative examination, according to the general 
method described in previous communications, considerable difficulty 
was experienced in obtaining tnist worthy data at the lowor temiJer- 
atures owing to the formation of pasty aggregates consisting of the 
reaction pixxlucts mixed with unchanged indene. On overcoming 
this difficulty by the addition of kieselguhr to the reaction mixture, a 
practically quantitMiye conversion of indcnc to tl](? bromobydhft 
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occurred at the ordinary temperature, and no appreciable difference 
was observed when the reaction was carried out at 90'". The dis- 
ciepancy to which reference has been made is thus to be ascribed to 
incomplete reaction, caused by defective admixture at the lower 
temperature, and the conclusion is reached that the reaction between 
bromine water and indene is not appreciably affected by raising the 
temperature to In view of the sensitivenes.s to heat and light 
of dilute aqueous solutions of hypobromous acid, it is veiy remarkable 
that bromine water when functioning as a source of potential hypo- 
hromous acid should be capable of exhibiting such indifference to 
cither of these influences. That the reaction involves an intermediate 
formation of diljromide is unlikely, considering the resistance of 
dibroraohydrindene to partial hydrolysis {v. sujyra). 

Owing, first, to the common instability of halogenohydrins in con- 
tact with hot dilute acid, and, secondly, to the oxidative action 
of warm aqueous solutions of chlorine and bromine, considerable 
difficulty exists in studying the addition of hypochJoroiis and hypo- 
bromous acids to imsaturatcd substances by the use of hot chlorine 
water or bromine W'ater; it is hoped, however, to investigate other 
instances in which the halogenohydrin, like the bromohydrin of 
indene, is stable under the conditions mentioned. The evidence 
now available leads to the suggestion that even at high temperatures 
and in the presence of sunlight the vckx^ity of halogenohydrin form- 
ation is much greater than t he velocity of decomposition of hy| 3 ochlorous 
or hypobromous acid. The complete scheme of reaction for indene 
and bromine water is summarised in the appended diagram, the 
only processt>s w^hich occur to any appreciable extent being indicated 
by the thick airows : 

Br^ - I HOH HBr + HOBr -> HBr -[ 0 

I I 

C^Hj^Br-OH 

Preliminary attempts to utilise chlorine water as a source of poten- 
tial hypochlorous acid in a similar reaction Avere unsuccessful, owing 
to the ready conversion of indene to tarry matter under the conditions 
adopted. It is of interest, hoAAever, that indene combines readily 
^rith hypochlorous acid, a 77 per cent, jield of chlorohydroxy- 
hydrmdene ha\nng been obtained by this method (VVeissgerber Ber 
1911,44,1443). V 6 . 

Attention has already been directed {T., 1921, 119, 1775) to the 
convenient racthcKl -which is available for the preparation, in 
exceUent yield, of phenylacetaldohyde from cinnamic acid by the 
sucmsive action of chlorine water and aqueous alkali and acid. In 
^ Ike manrier, p-hydrindone is easily accessiblp from indene by sue- 
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cessive treatment with bromine water, alcoholic alkali, and dilute acid 
The two general methods involved in these operations arc summaiised 
in the following schemes of I'eaction : 

(1) R'CHICH-COgH > R'CHX-CH(0H)*C02H > 

R'CH^-CHO + CO 2 + HX 

(2) R-CH:CHR^ R'CHX*CHR'*OH R'CH^'COR' HX. ^ ‘ 

Heusler and Schieffer [Ber., 1899, 32, 30) have directed attention to 
the very reactive nature of the halogen in chlorohydroxyhydrindenc 
the monomethyl ether of hydrindeneglycol being produced by waiiiiinJ 
the substance with alcoholic sodium methoxidc ; in the case of bromo*^ 
hydroxyhydrindene the corresj)onding monoethyl ether was produced 
on treatment with w^arra alcoholic: sodium etlioxide, and this derir 
ative underwent hydrolysis with hot dilute sulphuric acid, yielding 
[5*hydrindone. The final treatment with acid was found to be 
desirable even w^hen the hydrolysis was effected by means of a slit^ht 
excess of alcoholic potassium hydroxide. 

Expebisiental. 

The. hitcTaction between Cold Bromine Water and (!) In. 

dene w^as added in portions of 5 grams to 1000 c.c of water the 
mixture being cooled to about 2° and submitted to vigorous mechan- 
ical stirring throughout the experiment. A slow' current of air 
charged 'ivith bromine vapour w^as passed into the liquid until the 
attainment of a permanent pale yellow tint, whereupon a titrimetric 
estimation was made of the amount of hydrobromic acid con- 
tained in an aliquot part of the aqueous liquid, in accordance with 
the principle outlined in previous communications. The process 
was repeated until 20 grams of indenc had been added, the progress 
of the reaction being ascertained by titration at the end of each 
stage. Towards the end of the experiment the absorption of 
bromine w^as slow, owing to the formation of a pasty mas,? con- 
taining. unchanged indene. The titration values fluctuated con- 
siderably, and indicated yields of bromohydrin vaiying from oO 
to 70 per cent, of the amounts theoretically possible. By washing 
the pasty product with light petroleum, the solid bromohydrin 
was obtained in an almost pure condition ; after two recrystallis- 
ations from methylated spirit, it melted at ISC'" (Found : Br - 37*7. 
CgHgOBr requires Br — 37-5 per cent.). The petroleum washings 
contained unchanged indcnc together with a heavy oil, which was 
reserved for further examination. 

(2) A similar experiment was carried out with the addition of 
light petroleum, the titration.' values being corrected in accordance 
with the results of a control experiment which indicated a slight 
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absorption of bromine by the petroleum under the experimental 
conditions. The formation of a semi-solid mass was prevented 
by the petroleum, and the titration results corresponded with 
yields of bromohydrin varying from 75 to 85 per cent, of the 
amounts theoretically possible. The petroleum, on evaporation, 
yielded a small quantity of a heavy oil; this contained dibrorao' 
hydrindene, which was probably formed largely as a result of 
reaction in the petroleum phase. 

(3) The experiment was repeated, with the substitution of 
kieselgiihr (10 grams) for light petroleum. Ready absorption of 
bromine occurred, and the titrimetric estimations indicated an 
almost complete conversion of indene to bromohydrin, the mean 
value being 98 per cent. The actual weight of the solid product 
collected was about 90 per cent, of the theoretical yield. 

The Intemclion beticeen Bromine Water and Indene at 90°— Six 
distinct experiments were performed, each dealing udth a different 
concentration of indene, tlie procedure being in each instance as 
follows : 

To 1000 c.c. of water, maintained at 90^ was added in one 
portion a known weight of indene (5, 10, 15, 20, 30, and 40 grams) 
To the mixture, thoroughly emulsified by vigorous shaking, a 
7 per cent, solution of bromine in aqueous potassium bromide 
added with moderate rapidity until the attainment, after continued 
shaking, of a permanent pale yellow tint. A considerable quantity 
of the resulting bromohydrin remained in solution at 90°, and crystal- 
lised in long, colourless needles on cooling ; the remainder of the 
solid product formed hard but somev liat sticky aggregates. The 
aqueous filtrate and washings were freed from traces of bromine 
by the passage of a rapid air current, after which an aliquot portion 
was titrated with standard sodium bicarbonate solution. The 
yields of bromohydrin corresponding vith the titration results 
varied from 98-5 to 100 per cent, of the amounts theoretically 
possible, the mean value being 99 per cc-iit. 

A preliminary control experiment showed that the amount of 
hydrobromie acid formed, in the absence of indene, under the con 
ditions adopted was so small as to be negligible. That the hi^h 
titration values were not due to decomposition of hvpobromous acid 
or hydrolysis of the bromohydrin is also evident from the fact 
that between 90 and 95 per cent, of the calculated yield of the 
sobd compound was actually collected in the six experiments 


various preparations 

ui ^ ^ (4*0 grams) and reerys- 

ed carefully, m an attempt to isolate the second cxtenially 
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compensated form of the substance which is theoretically possible 
The main product of the reaction, after recrystallisation fxoi^ 
alcohol, melted at 130°, and the final mother-liquors yielded a 
small amount of an oil, the bulk of which distilled at 130 — 1655 / 
18 mm. (34 grams). The distillate contained 39-8 per cent of 
combined bromine, and appeared to consist essentially of bromo. 
hydroxyhydrindene (CgHgOBr requires Br 37-5 per cent) 
After keeping for several W'eeks, the oil, which possessed a very 
irritating odour, deposited crystals ; these, when separated from 
adliering mother-liquor, showed an ill- defined melting point 
pronounced softening occurring at about 85°. The material \ras 
extremely soluble in most of the usual organic solvents, from 
which it was deposited as an oil. The evidence thus appears to 
indicate the formation of a small amount of an isomeric bromo- 
hydrin of low melting point and high solubility. Similar observ- 
ations have been recorded in the cinnamic acid series {Joe, cit. 
p. 1776). 

The light petroleum washings of the original semi-solid separa- 
tions also yielded a similar oily product, the major portion of which 
distilled at 135—160718 mm. The percentage of bromine (494) 
corresponded in this instance wath a mixture of dibromide and 
bromohydrin. 

The Conversion of Bro)nokydroxyk}jdrindene to '^-llydrimhne.— 
Bromohydroxyhydrindene was heated under reflux for half an 
hour with a 4 per cent, alcoholic solution of potassium hydroxide 
(slightly more than one equiv.). The bulk of the alcohol Avas then 
removed and the residue again heated under reflux xvith an excess 
of dilute sulphuric acid. On steam distilling the product, the ketone 
was readily obtained as a colourless, crystalline mass, in about 
75 per cent, yield. It separated from dilute alcohol in long, silkj' 
needles having a very faint yellow tinge. After scx^eral Aveeks, 
the crystals became yelloAv and somewhat pasty. The melting 
point of the freshly recrystalhsed substance was 58° ; this result 
agrees Avith llie observations of Schad [Bev,, 1893, 26, 222) and 
Heusler and Schieffer [loc. at.), the value 61° recorded by Benedict 
and Wislicenus [Annolen, 1S93, 275, 352) being doubtlessly too 
high. 

DEP.AnTMENT OF OrO AXIC ClIEAriSTllV, 

Uxiv'EnsiTA' OF Sydnea'. [licrelvc'i, September Is/, ] 
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CCCYl.— Aromatic Sulphonyl Chlorides. 

By Jessie Stewaet. 

Ddbino an investigation of certain properties of aromatic disulphides 
some difficulty was met in obtaining these substances in a pure 
condition and m sufficient quantity. Undoubtedly the best method 
of preparation is by reduction of the corresponding sulphonvl 
chlorides, but the usual method of obtaining these substances from 
the sulphonates by interaction with phosphorus pentaohloride is 
somewhat troublesome when applied to large quantities and does 
not always yield a pure product, whilst thionyl chloride, which 
in some cases gives excellent 5 nelds of pure material, is not always 
applicable. Other drawbacks to the use of pho.sphorua penta- 
chloride are illustrated by the case of m-sulphobenr.oic acid This 
yields the dicliloride, which requires partial hydrolysis before 
reduction to the thiol derivative can be advantageously effected 
In this case it was found (T., 1921, 119, 1792) that the required 
chlorosulphonyl derivative could be readUy obtained from benzoic 
acid by reaction with chlorosulphonic acid. It therefore seemed 
desirable to apply this process to other disulphides and sulphinic 
acids whicii were required. Several cases of the use of chloro- 
snlphonic acid in preparing aromatic sulphonyl chlorides arc recorded 
in literature ; in some of these the isolated sulphonate or sulphonic 
acid was treated with the reagent, whilst in others the sulphonvl 
chloride was directly obtained by reaction of the aromatic com- 
pound with chlorosulphonic acid. Without attempting quite 
completely to enumerate the eases recorded, the following may be 
mentioned to illustrate the scope of the material submitted to this 
reagent. Thus benzenesulphonyl chloride (Ber., 1909, 42 ISO'^ 
2057), the toluencsulphonyl chlorides (Harding, T.’ 192l' lls’ 
m-nitrobenzenesulphonyl chloride (D.R.-P. S9997 1896) o ffitro 
phcnol-p-sulphonyl chloride (Z. an;, etc. Chem.., 1920, 33 8) tetra 
hydronaphthalenesulphonyl chloride (D.R.-P. 336615, 1921) and 
vmtrolesulphonyl chloride (Brown and Robinson, T 1917 ’ HI 
W) have been obtained by this process and except in the case of 

kZZ isolated example.s seemed to 

Micate the possibility of a more general application of the reagent 
Je experiments now described were undertaken for the purpose 

eth^s for the preparation of disulphides and sulphinic acids which 
are ofcw.se not easily obtained in -quantity. In the majority 
ses studied, the results jiav^e been entirely satisfactory. 


of 
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The mechanism of tlie formation of the sulphonyl chlorides by tbls 
method has been fully discussed by Harding (foe. ciL) in the case 
of the tojuene derivatives ; the observations made in the progress 
of the experiments now described support his conclusion that these 
substances are formed in a secondary reaction of the sulphonic 
acid vdth excess of chlorosulphonic acid, the complete piocesg 
being represented as follows : 


(i) ArH + SO3HCI = Ar-SOgH + HCl. 

(ii) Ar'SOgll + SOgllCl = Ar-SO^Cl + HgSO^. 


In the experimental part of this paper the preparation of sulphonyl 
cliloiides frem p-dichlorobcnzcnc, acetanilide, salicylic acid, p-toljl 
methyl ether, cinnamic acid, and phenylacetic acid is described. 
In the case of p- dichlorobenzene the constitution of tlie sulphonyl 
chloride and of the corresponding disulphide is evident. The 
derivative obtained from acetanilide was the p-sulphonyl chloride, 
for the substance was identical with that obtained by the action 
of phosphorus pentachloride on sodium acetanilide-p-sulphonate 
(Schroeter, Ber., 1899, 39, 156G) and yielded on reduction the 
characteristic 4 : 4'-dithioacetanilide, which exists in two isomeric 
fonns (Hinsberg, Ber,, 1906, 39, 2429) ; both these were isolated. 


O-CHg OH 


CHg SOgCi 

(I.) (II.) 


OH 



CO^H 


SO.H 

(III.) 


p-Tolyl methyl ether yielded a sulphonyl chloride of the consti- 
tution (1) ; this follows from the facts that it is identical with the 
substance obtained from the sulphonic acid of the given structure 
and yields a sulphonic acid w hich is the same as that obtained from 
the amino-derivative by Gattermann’s method {Ber., 1899, 39, 
1139)r. The structure of the sulphonyl chloride yielded by salicylic 
acid was also detennined. As might be expected, it is identical 
with the chloride obtained from sulphosalicylic acid, hut the 
structure of the latter seems by no means firmly established. The 
method planned by Hirsch (Ber., 1900, 33, 3238) for determining 
the orientation of the sulphonic group w’as not successful, but the 
substance is commonly referred to in literature as 5 *sulphosalicylic 
acid. There is no reason to doubt this structure and it has nmv 
been proved to be correct, for the sulphinic acid (III) obtained from 
5-aminosalicylic acid by Gattermann’s process is identical with that 
formed from the chlorosulphonylsalicylic acid (II) by reduction with 
/Mxiium sulphite, The corresponding disulphide is readily obtained 
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from the sulphonyl chloride by the usual methods. It has been 
stated that a substance of this character is formed by interaction of 
sulphur chloride and salicylic acid (D.R.-P. 46413, 1888), but the 
product of this reaction is amorphous and appears not to be the 
same as the 5 : 5'-disulphidc now obtained. It is worthy of notice 
that this disulphide, like wi'ditliiobenzoic acid {T., 1921, 119, 1793), 
is resolved by aqueous alkali hydroxide, giving the mercaptan (IV). 
The alkaline solution, when treated with methyl sulphate, yields 
5 -methylthiolsalicylic acid (V). 


OH 

OH 

ch: 



A 

\/ 

U 

\/ 

SH 

H-CH, 

fciOJ 

(IV.) 

(V.) 

{VI. 


Cinnamic acid yields the p-chlorosulphonyl derivative (VI); this 
was identified by oxidation of the corresponding sulphonamide, 
when p-8ulphaminobenzoic acid was obtained. Search for the 
(?-chIorosuIphonyl derivative in the product was made by reduction 
to the thiol. Friedlander has shown {Ber., 1913, 46, 1903) that 
thionaphthen is readily formed from o-thiolcinnamic acid by oxida- 
tion with alkaline ferricyanide ; and since tins substance is very 
easily detected, the reaction wa.s applied to the crude thiol obtained 
by reduction of the chlorosulphonyl compound, but no thionaph- 
then was encountered. It is therefore evident that the o-sulphonyl 
chloride is not formed to any appreciable extent during the process 
of sulphonation under the coriditioiis adopted. Phenylacetic acid 
is readily attacked by cold chlorosulplionio acid, but the isolation 
of the chlorosulphonyl derivative proved difficult, since the sub- 
stance is somewhat easily attacked by ice-cold water. There is 
little doubt that the least soluble portion of the product is the para- 
den vative ; but the quantity available Avas not sufficient to permit 
tins to be determined. or to allow investigation of the more soluble 
portion. The few examples now’ described together with those 
previously recorded arc sufficient to slinw the advantage of the 
method; more recent experiments haA'c .shown that it^ may be 
applied to derivatives of acetanilide, from which tlie aminosul- 
p mic acids and the disulphides may thus be satisfactorily obtained. 

Experimental. 

2 ■5-DicMorobmzinmdphonyl chloride, CjIIjCI./SOjCl.-A mixture 
atTw ihlorosulphonic acid (o mols.) was heated 

icp 'll liour. liic cooled liipiid was poured over crushed 

; wuen the required chlorosulphonyl derivative separated in the 
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solid state. The yield of crude material was 85 per cent, of that 
required by theory. After reorystallisation from cold alcohol, the 
substance was obtained in colourless needles which melted at 39 ® 
{Found ; S = 13'0 ; Cl = 43'2. Calc., S = IS’O ; Cl = 43-4 per 
cent.). The corresponding amide, prepared in the usual manner 
melted, after recrystallisation from hot water, at 181®; HoUeman 
(Rec. trav. chim., 1911, 30, 331) gives m. p. 185—186®. 

2:5:2': 5' -Tetrachlorodiphcnyl disulphide was prepared by re- 
duction of the chloride with zinc dust in boiling acetic and hydro- 
chloric acids. After three hours, the filtered liquid was cooled, the 
zinc derivative of the mercaptan which was then precipitated was 
collected and decomposed with a mixture of alcohol and hydro- 
chloric acid, and ferric chloride added, the required disulphide being 
obtained in the crystalline state. The substance separated from 
warm alcohol in colourless needles w'hich melted at 81—82’ 
(Found: C - 40d ; S - 18'0. Calc., C 40'4; 

1*7; S= 17*97 per cent.). 

Acetanilide-'p-sulphonijl Chloride, NHAc’CgHfSOgCl.— A solution 
of acetanilide in chlorosulphonic acid (5 mols.) was kept at 60’ 
for two hours. The crude product, which formed about 85 per 
cent, of the theoretical amount, was isolated in the usual manner. 
After rccrystallisation from benzene, it was obtained in colourless 
needles w^hich melted at 149® (Found: Cl— 15*1; S — 13'!); 
N = C'O. Calc., Cl = 15*2 ; S — 13*7 ; N = 6*0 per cent.). 
When this substance was treated with zinc dust in boiling acetic 
acid the zinc derivative of 4-thiolacetanilide was obtained, from 
which the corresponding 4 ; 4'-dithioacetanilide was prepared in the 
usual manner. This substance melted at 182® (Found : S = 19*2; 
N — S'7. Calc., S — 19*3; N — 8*4 per cent,) and was evidently 
the a-isomeride ; when it wa.s kept at the atmospheric temperature, 
the p-isomeride of melting point 213 — 214° w*as formed (compare 
Hinsberg, loc. cit.). 

Z-ChtorosulphonyUp-iobjl Methyl Ether (1).— One volume of 
p-tolyl methyl ether wa.s slow*ly added to chlorosulphonic arid 
(5 vols.) at 0 ®, and the solution poured over crushed ice, when an 
almost theoretical yield of the requii’ed chlorosuli)honyl derivative 
separated in the solid condition. When dry, the crude material 
melted at 79—81®, and after recrystallisation from alcohol it wag 
obtained in colourless needles which melted at 84® (Found: Cl = 
15'9; S-14-7. Calc,, Cl -16*1; S - 14'5 per cent.). This 
material and the amide prepared from it (m. p. 183®) were identical 
with the corrc.sponding substances prepared from S-sulpho-pdolyl 
methyl ether. 

4 : -Dimeihoxydi-mdohjl DisulpkidCi {OMe*CgH 3 Me) 2 b 2 .-"Thc 
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corresponding mwcaptan, which was prepared by reduction of the 
chlorosulphonyl denvativc., was oxidised by treatment with ferric 
chloride. The disdphido, after recrystallisation from alcohol 
was obtamed m pale yellow prisms which melted at 67° (Found ■ 

r.,u.,rc=«: 

H = 5 9; o = zO y per cent.). 

(IT). -Salicylic acid was gradually 
^ added to cooled chloras^phonic acid (5 mols.), the solution kept 
at 75° for one hour, and the solid chlorosulphonyl derivative isolated 
in the usual manner, particular care beuig taken to avoid rise of 
temperature durmg the decomposition with ice and to remove the 
material from contact with water as soon as possible With these 
precautions, the yield was about 60 per cent, of the theoretical biTt 
otherwise considerable loss may arise from hyilrolysis of the product 
o-Chlorosulphonylsahcyhc acid separates from benzene in colourless 
prisms which melt^ at 169—171° (Found ; Cl 14-8; S = 13-8 
t'alc. Cl = 15-0; S .= 13-5 per cent.). The same substance was 
readily obtamed from sulphosalicylic acid by treatment with 
cJiIorosulphonic acid. 

_ 5-MpMnosalki/lic acid (111) wa.s preparcil by two methods 
o-Aminosahoyhc acid was converted in a^ucoim solution to the 
CO, TO, spending diazoiuum derivative. This v.as treated with an 
ticcss of .sulphurous acid lu presence of copper powder, the latter 
removed, and the required sulphinic acid extracted from the 
aqueous solution wrth ether. After purification, the product melted 
a lu9 and was idciitieal with that obtained by reduction of the 
c torosulphouyl denvativc. The yields of sulphmie acid from this 

Mmlg proIZ •’y 

wi!h?hwZV’^ "WorosulpJionylsalicylic acid were gradually added 
sodium hv/ ^ solution of HO grams of sodium sulphite, 

maS ’bv solution in ether. The yield of 

nS S r "'len it was obtained in colourless 

nc«ll« whmh melted at 159° (Found: C = 41-4; H 3-1 ; 

sulphinic acid ri' ■■ H 8-15-8 per cent.). This 

plicnetolc in SI 1 ^ hi cold water ; when mixed with 

3 : 5'-Z)!(itosa&T° Wue solution. 

'•U' of coQcentnf d*i ‘i‘'"^;~d’hirty grams of zinc dust and 100 
shaking to an aJeoh 'vero gradually added with 

salicylic acid ' Wh ° “ “*ion of 20 grams of u-chlorosulphonyl- 

en reduction was complete, the excess of zino 



2560 STEWABt : AEOMATIC SULEHOHVL CHtOEtl):aS. 

dust was removed and the clear li(iuid treated with solid ferric 
chloride, care being taken that sufficient hydrochloric acid ^'aa 
present to prevent the formation of the purple iron salt. Partial 
separation of the required disulphide took place immediately, but 
this was completed by the careful addition of water. The yield of 
the crude material was about 78 per cent, of the theoretical. To 
purify the product, it was first treated with aqueous sodium car* 
bonate, when some ester which had been formed during the treat- 
ment in alcohol remained insoluble. The disulphide was recovered 
from the solution and then recrystallised from a mixture of alcohol 
and water, u^hen it was obtained as a pale yellow, crystalline powder, 
which melted at 236® (Found: C = 49'4; H = 3*2; S = IS-g. 
Calc., C - 49-7 ; H - 3-0 ; S - 18*9 per cent.). 

5.ThiolsaUcylic acid (IV) was prepared by reduction of the 
disulphide with glucose according to the method of Claasz {Bcr., 
1912 45, 2424). The mercaptan was set free from the aikaliue 
mixture with dilute sulphuric acid and recrystaUised from hot 
water. It formed small, pale yellow needles which melted at 
150—152" and were converted to the disulphide by mild oxidisiag 
agents. The same substance may be prepared by hydrolysis of 
tL disulphide with alkali hydroxide. The latter suhstanee was 
treated with boiling ]\"-sodium hydroxide (8 mols.) for half an hour; 
the mercaptan was precipitated in the crystalline state when 
excess of dilute sulphuric acid was added to the alkaline solution. 

r,-MefhylthiolsaUcylic Acid (V).-A solution of 10 grams of the 
disulphide in excess of A-sodium liydroxide was boiled for half an 
hour cooled, and shaken with 6 c.c. of methyl sulphate. On adding 
excess of mineral acid to the clear solution, 7*2 grams of 5-methyl- 
thiolsalicylic acid were liberated. This was recrystaUised froni hot 
water and thus obtained as a pale buff, crystalline powder winch 
melted «t 126» (IW; C = o2-3; H = 4'2; S = I?-' a 
Q _ 5-)-2 • H — 4'3 ; S — 17-4 per cent.). It is evident that the 
melhvlthiol group is present in this substance, since it was not 
converted to a disulphide by ferric chloride. Moreover, methylation 
of the hydroxyl under these conditions can scarcely be e^ccte 
when the difficulty experienced by Gracbe {Annalen, J 

in methylating salicylic acid is recalled. ^ 

^.Chlorosuliihonykinnamic Acid (VI).— A solution o ^ ‘ 

acid in chlorosulphonic acid (about 8 mols.) was kept at oU 
for half an hour. The product wms isolated in 
and after recrystailisation from acetic acid ^ 

cinnamic acid was obtained in colourless need es w ic 
decomposed at 220® (Found: Cl 14*3; ^ -;2*8* Col^ 

'14*4; S 130 percent.). 4-Sulphaminocinnamicacidwa 
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in the usual manner from the chloride; it formed colourless prisms 
which decomposed between 250—260° according to the rate of 
heating (compare Palmer, Amer. Chem. J., 1882, 4, 1C3) (Found • 
S = 14'l; N = 6'2. Calc., S = 14-l; N = 6'2 per cent.). This 
sulphonamide was oxidised by chromic acid in presence of warm 
dilute sulphuric acid. On cooling the reaction mixture after cixidation 
was complete, the product separated in the crystalline state. After 
being purified, the substance decomposed at about 280° (Found ; 
S= 15'9; N = 7T. Calc., S = LrO; N = frO per cent.). This 
behaviour agrees with that assigned to 4-sulphaminobenzoio acid 
by Palmer {loc. cit.); moreover, the, meta-isomeride melts at 233°, 
whilst the ortho-derivative melts indefmitely at a lower temperature 
than either of these and loses water, 

ChlorQSulpho7iylphenylacelic Acid, HO^C-CH -G H -80.01 

Phenylacetic acid was gradually added to cooled diloroVulphonio 
acid (5 mols.). Reaction was immediate and after the lapse of a 
few minutes the solution was poured over cru.shed ice and the solid 
prod act isolated from moisture as rapidly as po.ssible. The maximum- 
yield obtained was about 35 per cent, of the theoretical. After 
rccrystallisation from benzene, in which it was readily soluble the 
chlorosulphonyl derivative was obtained in colourless prisms which 
melted at 1.36° (Found : Cl — 1,5-1 ; ,S = 13 0. Calc., Cl = 15-1 ■ 

S = 13-C per cent.). The coiTesjionding amide is readily soluble 
in n^ter ; it separates from this solvent in .shining plates wliicli melt 
at 176'^. 

I wish to express ray thanks to Professor Smiles for his advice 
and for tlie interest he has taken in the work recorded al)ovo 
Kixr/s College and University Coli-kge, 

[fheert-iJ, October 2nd, 1022 .] 


CCCVIL—Limits fur ihe Propagulion of Flame in 
Vapour- Air Mixiures. Part II. Mixtures of More 
than One Vapour and Air at the Ordinanj Tem- 
perature and Pressure. 


By Albert Grevillf. White. 

Is a h^nait mixture, the heat given out hy the burning ga.s mixture 
i"**' sutricient, to enable propagation of 
tn a, " ^ appeur rca.s(mahlo 

comr r? I containing different 

abustibles arc mixed, the mixture obtained would always be a 
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limit mixture — always assuming that the limit mixtures used are 
aU similar, that is, all lower- or all _ upper-limit mixtures. K 
n , 71 . , Tij, . . . are the percentages of different combustibles found 
in 'the final limit mixture, and if,, N^, ■ ■ ■ are the per. 
centages of the same combustibles required to give limit mixtures 
when each is mixed with air separately , then the volume of the 
final mixture is given by the sum of a senes of terins 
100n,/iV2, lOOiis/.Vj, ... and is equal to 100. We thus sec that 

7ii/iVi + n,/A'2 + 'nJNs -f . . . = 1- 

This is a generalised form of the formula connecting the limits 
for the propagation of flame in combustible gas-air mi.xturcs 
originally put forward by Le Chatelier for binary mixtures. Given 
the limits of the combustibles taken separately, it fixes the limit 
for any mixture of these in known proportions, or the amount 
of any one combustible necessary to give a limit mixture with 
known quantities of the others and of air. The formula has hm 
verified experimentally by Le Chatelier (Ann. Mine.% 1891, [vili], 
19 , 388), Le Chatelier and Boudouard (Cow^t. rend., 1808, 126, 
1344), Eitner (Habilitationsschrift, Miincben, 1902), and Coivaril 

and Brinslcv (T., 1919, 115 , 2i). 

These investigators used mixtures of permanent gases, chitfiy 
hydroiien, carbon monoxide, methane, and coal gas. The results 
obtained agreed fairly closely with those calculated from the 
formula but the number of experiments was small except in the case 
of Cowa’rd and Brinsley. These authors state that the discrepaneies 
found bvthera, although small, are greater than could be accounted 
for by experimental error. Payman (T., 1919, 115 , 1430), using 
mixtures of methane with atmospheres containing varying amoirats 
of oxygen, has shown that the addition rule underlying Le Chatefa s 
formula seems to hold for a large portion of the range over which 
he worked. White and Price (T., 1919, 115 , 1462), using mixtum 
of ether with acetone and alcohol, decided that the mixture law 
was followed by these vapours except for upward and horizontal 
propagation at the upper limit, when large 
found. Recently, Bonssu {Compt. rend., 1922, 175 , 30) has de • 
mined the lower” limit for the propagation of flame in various IM- 
tures of alcohol, petrol, and ether in air. He drew the conclusio 
that the mixture law was obeyed nithin the limits o expenmen 
error, but the differences between the calculated and expenmen 
values were sometimes more than 5 per cent. 


Experimental. 


During the present work the limit determinations were 

“ . 1 > l. /i-UCn TT/aI r 


carrifd 


out as described in 


3ni> WOrK. Um umii/ 

the first part of this research (this vol, p- - 
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Table I. 

Showing the ranges that propagate flame in benzene-toluene-air 
and acetone— methyl ethyl ketone— air mixtures. 

All calculations were based on the formula given on p. 2562. 


Composition of 


Original 
temper- 
ature of 
mixture. 

combustible in 

Upward 

Horizontal 

Downward 

mixture by vol. 

propagation. 

propagation. 

propagation. 

% % Kange Range 

Benzene. Toluene, found, calo. 

Range 

found. 

Range 

calc. 

Range 

found. 

Range 

ealc. 

Lower 

0 

100 

1-31 

— 

1-30 



1-32 


limits 



to 


to 


to 


at 1S±3“ 

25 

75 

6-75 


5-80 


4-60 


Upper 

1-32 

1-34 

1-33 

1-34 

1-35 

1-30 
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to 

to 

to 

to 

to 

to 

at fiO® 

50 

50 
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6-00 

4-80 

4-80 
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1-38 

1-39 

1-39 




to 

to 

to 

to 

to 
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25 
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75 
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to 

to 

to 

to 

to 
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0 

745 

1-15 

7-25 

6-30 

1 46 
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5-30 

1-47 

5-28 
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% 

Methyl 

7-45 


6-65 
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0/ 
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to 


to 


to 





0-9 


8-5 


7-4 



33 

67 

2-31 

2-27 

2-32 

2-28 

2-37 

2-33 




to 

to 

to 

to 

to 

to 



.33 

11-0 

10-65 

9-00 

8-90 

7-70 

7-70 


07 

2' 58 

2-. 55 

2-63 

2-58 

2-66 

2-62 




to 

to 

to 

to 

to 

to 


100 


120 

11-55 

9-50 

9-40 

7-95 

S-t>5 


0 

2-90 

— 

2-96 



2-99 





to 


to 


to 





12-G 


0-00 


8-40 



except that dried air was used only for mixtures containing either 
alcohol or acetone. The two liquids to be used were weighed out 
into a well-stoppered bottle in the required proportions, and this 
mixture was then utilised for filling the tubes. Mixtures were 
never kept for any length of time before use. It was considered 
wessary to test binary mixtures only, as if the mixture law holds 
tor au pairs of vapours, it presumably holds for complex mixture.s. 
tour series of experiments were carried out, the first of these 
mg with two pairs of vapours of which tlie limits did not 
pprar to be much affected by cool flame phenomena. In the 

a rlirfi vapour of the pairs examined posses.sed 

net cool flame. The third series was intended to test further 
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the applicability of Le Chatelier’s rule to lower limits, whilst the 
fourth consisted of experiments on pairs of vapours of which one 
was carbon disulphide. 

All limits were determined in tubes 5 cm. in diameter and 
1-5 metres long. 

Fcsidts, — Series A, 

The results obtained for the first series are shown in Table I 

As the accuracy aimed at in these experiments was of the order 
of 1 per cent., it will be seen that the deviations from Le Chatelier’s 
rule arc generally of much the same order as the experimental 
error. A definite exception occurs for upw^ard propagation at the 
upper limit in the mixtures containing the two ketones. Por 
both of the mixtures examined, the value found is very definitely 
higher than that calculated. This deviation could almost have 
been predicted from the behaviour of acetone in tubes of different 
diameters described in a previous communication [Joe. cit.). It 
was there shown that the limit for npwnrd propagation at the 
upper limit in the tubes used was greatest in a 2-5-cm. t\ibe ■ 
{12-95 per cent.), and least in a 7-5-cm. tube (11-80 per cent.), a 
result attributed to the relative instability of the appropriate flame 
in the larger tubes. This assumption appears to receive some 
confirmation from the present results. Chatelier’s rule being 
assumed to hold, calculation from the limit result for the mixture 
richer in acetone gives the limit for pure acetone in a 5-cra. tube 
as 13-4 per cent. The remarks previously made regarding the 
ignition of upper-limit mixtures of acetone in air for upw’ard am] 
liorizontal propagation apply equally to conesponding mixtiiivij 
of the two ketones in air. 

Si^ries B. 

The limits for tlie propagation of flame determined for this 
series are shown in Tables II, Ilf, and IV. 

No attempt was made to find out if any middle limit existed in 
the ease of ether-acetaldeliyde-air mixtures. 

Consistent results for the upj)er limit for horizontal ami upward 
propagation were only obtained with great difficulty over a good 
deal of the ether-alcohol and ether-acetone-air ranges, and the 
figures given arc certainly less accurate than those determiiwd 
for the pure solveirts. 

Owing to the intervention of the cool flame the results given in 
Tables n and III sometimes differ from those found by V’luteand 
Price. The same conclusions can lie drawn from both sets, however. 
Le Chatelier's rule appears to be follow^cd very well for lower 
limits and for upper limits for dowuiward propagation, 
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Table II. 

Showing the ranges that propagate flame in etliyl cther-'acc tone- 
air mixtures. Temperature 17 ± 3®, 

Xl\ calculations are based oh the formula given on p. 2562. 


Composition of 
combustible in 

mixture by vol. 


/o 

Etlier, 

/a 

Acetone. 

0 

100 

2o 

75 

40 

CO 

45 

55 

50 

GO 

55 

45 

60 

40 

C5 

35 

60 

34 

75 

25 

SO 

20 

90 

10 

92«5 

7*5 

100 

0 


Upward 

propagation. 

Range 

Range 

found. 

calc. 

2*90 to 

— 

126 

2- 56 to 

2-53 to 

11-2 

No cool 
flamo 
— and 20 

15o 

to 27 
2-27 to 

2-25 to 

12-3 and 
— to— 
No 

middle 
limit 
— to 38. 

20*0 

No 

middle 


limit 


^■00 to 

2-03 to 

41 

28 


P84 to — 
48 


Horizontal 

propagation. 

Range Range 
found. calc. 
2-96 to — 

9- 9 

2 ()2 to 2'.'j0 to 

10- 5 120 


2 28 to 2-30 to 
lO-l 150 


No 

cool 

flame 

— and 17 
to 2ij 

2-08 to 2-07 to 
10-4 and 210 
U to 27 

— to 9' 3 
and 14 

to 28 

— to 8' Go 
and lO'O 

to — 

No 

middle 

limit 

1-88 to — 
33 


Downward 

propagation. 

Ran go Range 

found. calc. 
2-99 to — 

8-4 

2-65 to 2 02 to 
7'75 7-74 


2-33 to 2-32 to 
7-20 7-17 


2-10 to 2-09 to 
G-65 ()C8 


1-90 to — 
6-25 


propagation upwards and horizontally, however, the calculated 
results are almost invariably far from the mark, and any agree- 
ment appears to be purely accidental. This appears to be due 
to the fact that one of the two combustibles is capable of burning 
with a cool flame. Agreement is far from satisfactory, however, 
when both combustibles give a cool flame, as can be seen from 
Table IV. The best idea of the results is obtained from Figs. 1 
fi-nd 2, in which the propagation ranges are shown graphically for 
different proportions of pairs of combustibles. 
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Table III. 

Showing the ranges that propagate flame in ethyl ether-^thyj 
alcohol-air mixtures. 

All calculations are based on the formula given on p, 2562. 


Original 


Composition of 
combustible in 


Upward 


Horizontal 


Dom 


ature of 

‘If'i Ranee Range 

Range 

Rai^e 

Range 

mixture. Ether. Acetone, found. 

calc. 

found. 

calc. 

found. 

Lower 

0 100 3-1)0 

— 

3-75 

— , 

3‘78 

limits 

to 


to 


to 

at 184- 3‘' ! 

18-0 


13-8 


11-5 

Upper 1 

25 75 2-% 

2'95 

2-08 

3-00 

3-05 

limits ! 

to 

to 

to 

to 

to 

at 60'’ i 

lU-3 

21-5 

11-4 

16-5 

9-6 


00 50 2-48 

2-45 

2-50 

2-50 

2-51 


to 

to 

to 

to 

to 

A 

13-0 

27-5 

9-8 

20-5 

8-20 


2-;io 

to 

- to 2‘t 

- to 34 
2-10 

to 

37 


2-37 

to 


nwatd 


303 

to 

0-67 

2-o3 

to 

8-35 


MO 

2 13 

2-15 

2-16 

2-17 

to 

to 

to 

to 

fn 

37 

10-1 

27-5 

7-20 

7-35 


19 ± 2 ” 


As above 
at A 


80 
, 85 

J 90 

i 

uoo 

100 


No cool 
flame 

— to U't> 
and 10-5 

to 23 

— to 30, 
No 

middle 

limit 


1-84 — 

1-88 — 

1-90 ^ 

to 

to 

to 

48 

33 

6-2.7 

1-84 — 

1-88 ~ 

1-90 ^ 

to 

to 

to 

58 

41 

6-55 

Table IV, 


the propagation of flame 

in ethyl ether- 

■ mixtures. 

Temperature 18 ± 


All calculations are based on the formula given on p. 2562. 


Composition of 
combustible by 
vol. in mixture. 

Upward 

propagation. 

Downward 

propagation. 

^ 0/ C' 

/O , o 

Range 

Range 

Range 

Range 

Ether. Acetaldehyde. 

found. 

calc. 

found. 

calc. 

0 100 

4-21 to 77 


4-36 to 12*8 

— 

25 75 

3-20 to 47 

3-18 (0 54 

3-31 to 10-1 

3-29 to UI-1 

:>{) .70 

2-59 to 44 

2-50 to .72 

2-66 to 8-5.7 

2-6.7 to 8-49 

75 25 

2-15 to 41) 

2-14 to 50 

2-20 to 7-20 

2-21 to T-20 

100 0 

U34 Lo 48 


1*90 to 6-25 

— * 
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Fig. 1 shows the ranges that propagate flame in various ether- 
acetone-air mixtures. Flame is propagated upwards through all 
mixtures lying between the lines AB and CDE, and horizontally 
through those between AB and IVHI. The irregular form of the 
two upper lines is to be attributed to the two different ty^ics of 

Fic. 1. 

Showlno the clher-ace.tonc-air mixtures (hat propofjate flame at 18 3 ^ 

A B Lower limits, 

FGH^I Limila otlur IhZ 

T 






i 











> 










1 







■-Ai 

1 

1 


1 

i 


i l' 

— ^ 

SO 

too 


-unction, cool to the ether jide, but only slightly 
Thp 1 +f mixtures containing much acetone. 

C7> corresponds to (he roughly horizontal portions, 

Thp / is cool. 

indicate that without the cool 
^^uuld bo f lioriz<iiital and upward propagation 

c^^cr than those of acetone, as would be expected from 
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the calorific values of these two substances. This conclusion is 
supported by the ether-alcohol curves of Fig, 2. The determination 
of two portions of the curve for horizontal propagation in this figure 
at different temperatures was made for convenience. 

Fig. 2, 

Showing the limit mixtures {other than lower] that will propa^galc flame in 
etker-acetaldehyde-air and etheT~ethyl alcokol^ir tnixturca, 

A Eiher-acetaldehydc-air at 18 i 2° for upward propagation 
B Eihcr-alcohol-air at 60° for upward ^opagation, 

C Ether-alcohoE-air at 60° for horizontal propagation. 

D Ethcr~<ilcohol~air at 10 ± 2° for horizontal propagation. 



The author has previously shown (he. cil) that by using a 
narrower tube the horizontal propagation range of ether can e 
divided into two, (1) a cool range and (2) what may be terme^ a 
normal range. Figs. 1 and 2 show that this also occurs when 
the correct amount of a SKitahle combustible is added to 
ether-air mixture. In the case of acetone, it has even been possiDie 
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to find two distinct ranges for upward propagation, the mixture 
required contaimng nearly equal \^oluraes of the two vapours. It 
is thus evident that acetone and alcohol hinder the propagation of 
the cool flame, and the curves show that alcohol has a much greater 
effect than acetone. Fig, 2 shows that the propagation of the 
cool flame in either ether or acetaldehyde is hindered by the presence 
of the other, but the effect appears to be less marked than when 
acetone is added. Fig. 4 shows, however, that the addition of 
carbon disulphide to ether has a still smaller effect on the pro- 
pagation of the cool flame. 

jSerics C. 

Xhe results of the first two series showed that for the lower 
limit Lc Chatelier’s rule was closely followed by the five pairs of 
substances examined. To make the test more rigorous, five 
additional pairs of substances were utilised for further work involv- 
ing only the lower limit. The mixtures used were methyl alcohol- 
ether, methyl alcohol-acetone, ethyl acetate-benzene, acetaldehyde- 
toluene, and ethyl nitrite-ether. To save space, the actual results 
are not given, but the agreement was little, if at all, inferior to that 
obtained with the first five pairs. 


The results of the first three series of experiments had shown 
that Le Chatelicr’s rule could generally be expected to hold for 
vapour-air mixtures, except when the cool dame entered The 
cool flame differs from an ordinary flame in two respects— in the 
tyire of combustion occurring and the flame temperature, either 
of which might conceivably be the reason for its quasi-independent 
propagation. The flame temperature difference would appear to 
be the one which lends itself more easily to examination 
The author’s work on the effect of temperature on' the limits 
lor the propagation of flame in ammonia-air (this voi p 1688) 
together with a consideration of similar results for methanc-air’ 
seemed to show that for tlicsc two gases, at the lower limit, at 
»y rate, the propagation of flame depended on the attainment 

^hould this effect be.general, it might easily occur that a mixture 
ot two vapours needing very different flame temperatures for 

matiurtnb* temperature approxi- 

itsranae teruperature over a portion of 

4e lower fl'* I'crnainder only the vapour having 

Propaaatinn ^ppre^ciably into the 

'itedfeemrdf otlier "orkers previously 

VOL. cxxl I'ytli-ogcn with other gases 

4s 
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having propagation flame temperatures five or six hundred degree^ 
higher obeyed Le Chatelier's nile fairly well. It was considered 
expedient, hQwever, to examine mixtures of ether with carbon 

Fig, 3. 

Showing the lower limits for the 'propagation of f.amt in mixtures of 
caiifon disulphide and certain other vapours with air. 

D = dow 7 iward propagation. U = upward propagation. 

The dotted line passes through all mixtures containing 2 c/ 
carbon disulphide. 



Percentage of carbon disulphide {by volume) in the vapour uml 


disulphide, the only one of the vapours previously examined y 
the author which gave a propagation flame temperature apprecm ) 
different from the normal. Jhe results obtained were so 
that the work was at once extended to mixtures of carbon di»u p 
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OTth benzene, acetone, and acetaldehyde. The results obtained 
are given in Tables V and VI, and are shown graphically in Pigs. 3 
and 1 

An examination of the two tables shows that the formula of 
le Chatclier gives values far from those found experimentally, 
the partial agreement found over mo.5t of the range for upward* 


JL’ lU* ‘I, 

^hoi^tng certain limit mixtures {other than loixtr) for mixtures of carbon 
disulphide and air with ether and with acetone ^ 

D - dx,wnward propagation. U upward propagation. 



Percentage of cathon disulphide {by volume) in the 


mXS be- X "P®'* ether--carbon disulplhde-air 

mixtures being obviously accidental. 

gation of Ln rr propa- 

Tbe flame tem these values are appro.xiniately equal, 

eflual for all thooreticaUy attained will thus be ‘roughly 

I lor aU these mixtures, so that the relation suggested above 

4s2 
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Table V. 


Showing the ranges that propagate flame in ethyl ether-carbon 
disufphide-air mixtures. Temperature 17 d: 3°. 

All calculations are based on the formula given on p. 2562 


Composition 
of com- 
bustible in 
mixture 

hy vol. ^ ^ 

% propagation. 

Cai'bou ^ 


0/ 

-0 

disui- 

Range 

Range 

Ether 

. phi do. 

found. 

calc. 

0 

100 

1-40 to 40 

— 

1 

99 

2-28 to - 

1-40 to — 

5 

95 

3-08 to 31-5 

1-42 to 4G 

11-7 

88-3 

— to 24-5 

— to 40 

15 

85 

3*15 to — 

1-45 to — 

18 

82 

- to 24 

— to 4l)-5 

19-5 

80-5 

- to 25 

— to 40-5 



and 




30 to 40 


20-3 

7 9’ 7 

— to — 

— to 4ti‘5 



and 




— to 41 


22 

78 

— to — 

— to 40-5 


Composition 
of com- 
bustible in 
mixture 
by vol. 

^ ^.T * 

/o 

Carbon 
% disul- 
Ether. pliide. 


Down^va^d 

propagation. 

Range Range 

found. calc. 


0 100 2-01 to 34 . _ 

1 99 2-53 to 24-5 2-01 to 33 

i) 95 3'23tol<'/ 2'00 to 28‘5 

15 85 3'.30 to 13-4 1-99 to 21-0 

25 7.J 3‘10toll‘2 l-98tol61 

50 ,50 2<,58to8U 1-95 to 1055 

75 25 2-10 to 0-90 1'93 to 7-85 


100 0 l-90to6-2o 


and 

29 to 31 

25 75 2-95 to 48 l'49to46-5 

50 50 2' 50 to 51 1-59 to 47 

75 25 2-10 to 50 l-7lto i7'5 

100 0 l-S4to48 — 


Table VI. 

Shotving the limits for the propagation of flame do^viitvards in 
mixtures of acetone, benzene, and acetaldehyde with carbon 
disulphide and air. Temperature 17 i 3°. 

All calculations arc based on the formula on p. 2562. 

% 


’;o >1) 

Acetone Benzene aldehyde 


in com- 

Lower limit. Unner limit. 

in com* 

Lower limit. 

in com- 

Lower liuiit. 

bu^tiblc 



bustiblo 



bustible 


used. 

Found. Calc. Found. Calc. 

used. 

Found. Calc, 

used. 

Found. Call'. 

0 

2-01 — 

34 

0 

2*01 



0 

2-01 ^ 

3'8 

2-50 2-03 



1-7 

2-32 

2-00 

2 

2-o6 2-OS 

8-5 

:M8 2-07 

18-5 27-7 

4-2 

2-65 

1-98 

10 

3-15 2-12 

14-9 

3-44 2-12 



11-9 

3-00 

1-93 

22-5 

3- 05 2-28 

2.5-0 

3-.58 2-19 

12-1) 19-3 

20-7 

2-87 

1-87 

50 

4-22 2-7j 

50 

3-4() 2-40 

9-7 13-5 

35 

2-49 

1-78 

75 

4-34 3-31 

7.5 

:>-22 2-68 

8-00 10-35 

1 53 

2-10 

1-68 

100 

4-36 " 

100 

2-99 — 

8-40 — 

74 

1-78 

1-59 






100 

1-48 

— 




for propagation flame temperatures appears to hold ; that is, to 
enable propagation of flame to take place, over a good part of tfe 
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fange the flame temperature attained must be that of the compound 
containing no sulphur. 


Table VII. 


Showing the relative calorific values of certain lower-limit mixtures 
of carbon disulphide with benzene, ethyl ether, acetone, and 
acetaldehyde in air. 


Percentage of carbon 
disulphide vapour 

Calorific value when 

lienzene 

lather 

present in lower- 

(propn. 

(propn. 

(propn. 

limit mixture. 

down). 

down). 

up). 

q 

1114 

1148 

nil 


(1-48) 

(1-90) 

(1'84) 

25 

nil 

1122 

1090 

50 

(1-76) 

(2-16) 

(2-10) 

1094 

1121 

1086 


(2-15) 

(2-58) 

(2-50) 

75 

1064 

1084 

1032 


(2-75) 

(3-10) 

(2-95) 


Acetone 

(propn. 

down). 

1205 

(2-99) 

1187 

(3-22) 

1156 

(3-46) 

1072 

(3-58) 


Acetaldehyde 

(propn. 

down). 

1134 

(4-36) 

1134 

(4-34) 

1108 

(4-22) 

986 

(3*74) 


The net calorific values used for the above table were : Benzene 
753, ether 604, acetone 403, acetaldehyde 260, carbon disulphide 265. 

The figures in brackets specify the total amounts of the mixed 
ra^urs containing carbon disulphide in the stated proportions 
which are necessary to give a lower- limit mixture. 

There are, however, three facts which scarcely appear to support 
the flame temperature theory. 

(1) The curves in Fig. 3 show no tendency to follow the dotted 
line drawn through all vapour mixtures containing 2*01 per cent, 
of carbon disulphide: that is, the mixtures containing enough of 
this compound to form a limit mixture when mixed with air alone. 

(2) The addition of a small quantity of any one of the other 
vapours examined to carbon disulphide necessitates the addition 
of a relatively large amount of the vapour mixture before a mixture 
with air will propagate flame. Thus the lo;ver limit for downward 
propagation is raised frotn 2-01 per cent, to 2-53 by the addition 
ot 1 per cent, of ether to carbon disulphide. 

(3) The fall in the calorific value of the limit mixture as the 
proportion of the sulphur compound in the vapour used increases 
IS lar more pronounced the lower the calorific value of the vapour 

nn tt fl* <=wbon disulphide — a circumstance not easily explained 
«i the flame temperature theory, 

'■‘ipo’rrs used has a powerful 
airmixt'^ propagation of flame in carbon disulphide- 

of given, the addition of 0'025 per cent, 

a fc disulphide, 

uro IS to propagate flame. The most probable explana- 
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tion would appear to be that the normal propagation of flame ’ 
carbon disulphide-air mixtures is a catalysed action. 

The natural idea on coming to this conclusion is that what we 
may perhaps term the fundamental limit for carbon disulphi(ig in 
air may agree with the calorific value rule, shown earlier to hold 
for the other vapours examined. For downward propagation the 
calculated lower limit for carbon disulphide would be about 4-3 
cent. An examination of Table VIII show's that it appears to be 
4-0 per cent. 

Table VIII. 

Show-ing how the experimental values for the lower limit for the 
propagation of flame in vapour-carbon disulphide-air agree ^ith 
those calculated from Le Chatelier’s rule, taking the limit for 
downward propagation to be 4-0 per cent., that for upu’ard 
to be 3*8 per cent, in carbon disulphide-air. 

Percent- ^ , 

age of eSj Lower limit when romamcler of vapour is : 

vapour Benzene, Ether. Ether. Acetone. Acetaldehvi!e 

present DowTivvard Downward Upward Downward Dowmrarc! 

in lower- propagation, propagation, propagation, propagation, propagatk-n. 


mixture. Fountl. Calo. 

Found. Cale. 

Found. Calo. Found 

Calo. 

Found. Calc. 

0 14S 

— 

1-90 


1-84 


2-90 



4-3[j — 

25 I't) 

ITO 

2-16 

219 

2-10 

2-11 

3-22 

3- 10 

4-34 4-2ij 

50 215 

210 

2-5S 

2-5S 

2-50 

2-48 

3-4() 

3-42 

4-22 4 i; 

75 2' 75 

2S1 

;mo 

313 

2 05 

3 00 

3-58 

3-f)0 

3-74 4-itS 

100 201 

— 

2-01 

— 

1-40 


2-01 


2-01 - 


The agreement of the calculated and experimental values is 
generally surprisingly good. The agreement is naturally poor 
when the proportion of the disulphide in the mixture becomes 
very high. This is noticeable much earlier with acetaldehyde than 
with the others. 

The upper-limit results showm in Fig. 4 confirm the conclusions 
drawm from the lowTr-limit figures, but the inhibitcry effect doe.s 
not apjiear to reach its maximum value so soon, and therefore 
calculated re.su Us are far less regular. The fundamental value 
for the upper limit for projiagation downwards in carbon disulphide 
w’ould appear to be in the neighbourhood of 12 per cent. 

The theory that the normal combustion of carbon disurpliide 
is catalysed appears to cover satisfactorily the facts available, 
and it is difficult to see how’ any other would meet the case so 
well. The phenomenon is presumably due to the sulphur, and 
in this connexion it is interesting to recall the behaviour of phos- 
phorus, more particularly as studied by Kaylcigh (Proc. 

See., H21, [Al S9, 372)^ He showed that a periodic luminositj 
exhibited by phtspbeius under certain conditions w'ns inhibif*^ 
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by several oils, certain other organic substances, ammonia, and 
vater. The amount of water required to give this effect appeared 
to be relatively large. Rayleigh suggested that the propagation 
of a luminous pulse through a phosphorus-air mixture was due to 
the provision of nuclei facilitating the action by the combustion 
of phosphorus. He supposed the inhibiting substances to act by 
taking prior possession of the nuclei, thus making them unavailable 
for assisting propagation. Bigelow {Z. physikal. Ckem., 1898, 
26, 493) found that certain organic substances, such as alcohola[ 
phenols, and benzaldehyde, had a siinilar inhibitory effect on the 
oxidation of sodium sulphite by atmospheric air. 

The propagation of flame in carbon disulphide-air is presumably 
catalysed by some product of the combustion, and this effect is 
inhibited by the presence of any appreciable quantity of any of 
the combustible vapours tried. When carbon tetrachloride was 
used, however, it was found that no appreciable change took place 
in the value of the lower limit of carbon disulphide. Thus in air 
the limit was 2-01 per cent., in air containing 0-04 per cent, of 
tetrachloride it was 2*01 per cent., and in air containing OdO per 
cent, of tetrachloride it was 2‘00 per ceiit. Similar results were 
obtained with carbon dioxide, so that under certain conditions 
ether would appear to be a better fire extinguisher than either of 
these two compounds. Certain combustible gases tried seemed to 
have relatively little elTect on the hmit of carbon disulphide, and, as 
has been mentioned iji a former communication, fair differences in the 
amount of water vapour present did ]iot affect the limit appreciably. 

The explanation of propagation in curium diMilphidc-air now 
advanced throws some little light on other facts. Thus in a former 
communication {loc. cit.) special note was jnade of the abnormal 
behaviour of this compound at both limits when a comparison 
was made of the limits lor upward and downward propagation. It 
is now seen that the disulpliide cool flame could scarcely be expected 
to behave like that of other or acetaldehyde, and it is relatively 
much easier to understand how the great difference between upward 
and downward propagation occurs at tlie lower limit. The magni- 
tude of this difference is ]iot easily accounted for on purely thermal 
grounds, and it appears at least possible tliat the propagation of 
I ame in hydrogen-air mixtures is also catalysed i]i sojue way. The 
ower limit for upward proj)agation in tliis ease is less than half 
m or downward, and there is a furl her difficulty ina.smucli as 

e calorific value of the lower-limit mixture for upward pro- 
paga ion appears to be insuflieieut to rai.se the mixture to its 
Ignition temperature. 

fhe inhibitory effect of certain vapours on tlie combustion of 
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carbon disulphide might conceivably provide a test for the detection 
of small amounts of these in air. 

Summary, 

Limits for the propagation of flame have been determined in 
various mixtures of two combustible vapours and air, por all 
the vapours used except carbon disulphide, the mixture results 
for the lower limit for all directions of propagation and for 
ward propagation at the upper limit agreed very well with those 
calculated from the formula proposed by Le Chatelier, Good 
agreement was obtained throughout in the case of benzene- 
toluene mixtures, but those containing acetone appeared to be 
affected by the anomalous behaviour previously observed when 
examining this compound alone. 

In no case did Le Ch atelier’s rule hold for any direction in which 
one of the two vapours under examination could propagate a cool 
flame. When the second vapour gave no cool flame under these 
conditions, the propagation of a cool flame in the mixture appeared 
to be hindered by the presence of the second vapour. Some vapours 
were more effective than others in thus hampering cool flame 
propagation. By the addition of a vapour giving no cool flame 
to ether-air, it was found ^lossible to divide the mixture-air pro- 
pagation range into two, a cool and a normal range, even for upward 
propagation. 

Mixtures containing carbon disulphide gave results differbig 
considerably from those calculated from Lc Chatelier's formula. 
For mixtures which did not contain too much carbon disulphide, 
the calorific value of the amount of vapour required to give a 
lower- limit mixture wa.s always much the same. For reasons given, 
however, it was decided that ordinary propagation in carbon di- 
sulphide-air was probably catalysed, presumably by some product of 
the combustion, but that this catalytic process was inhibited by 
such vapours as benzene, ether, acetone, and acetaldehyde, although 
apparently unaffected by small quantities of carbon dioxide and 
carbon tetrachloride, and little affected by certain combustible 
gases. The uncatalysed limits for downward propagation in carbon 
disulphide-air would appear to be about 4-0 per cent, and 12 per 
cent., values, agreeing fairly well with the calorific value rule put 
forward in Part I. The catalytic character assumed for the com- 
bustion process appears to go some length towards explaining the 
relative values found for the upward and downward limits for 
"^propagation in the case of this compound. 

Further work is now in progress on the phenomena observed 
when examining carbon disulphide. 
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accorded me for carrying out this work. 
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Ardber. [Rtceived, August 25tk, 1922.] 


CCCVIIL — Resolution of Tropic Acid and the 
Stereochemical Configuration of the Cinchona 
Alkaloids. 


By Habold K.INO and Albert Donald Palmer. 

Ik the developments of modern chemotherapy, the cinchona group 
of alkaloids occupies one of the most important positions. This is 
due to their availability in quantity, to the ease with which their 
structure can be modified in manifold directions, to the pronounced 
antimalarial and bactericidal actions of certain members of the 
group, and the recently discovered value of some in the condition 
of auricular fibrillation. Owing to the number of workers in this 
^ field, resulting in the ever-incrcasing production of a great number 
of derivatives of these alkaloids, an understanding of the exact 
stereochemical interrelation of the main members of the cinchona 
alkaloids is essential. 

The chief alkaloids are embraced by the formula 


N 

/\/\ 
I I 




CH 

-CH 


CHR'' 

CH., 


where R' _ H,R'' — 'C-HiCHo in cinchonine and cinchonidine. 

R = H,R" = •CHg’CHjj in hydrocinchonine and hydro- 
cinchonidine. 

R = OMe,R'' = -CHiCHj, in quinine and quinidino. 

R = OMe,R'' = ■CH 2 *CH 3 in hydroquinine and hydro - 
qumidine. 

R = OEtjR'' — ’CHg'CTIg in othylhydrocupreine and ethyl- 
hydrocupreidine . 


In the van t Hoff sense, they each contain four asymmetric 
carbon atoms, numbered (1) to (4). These are the foci where the 
spa la mterchangc of groups or radicles is reflected in a change in 

4 s* 
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the magnitude of the specific rotatory power. Thanks to th^ 
of Kabe (Annakn, 1910, 373, 89; Ber., 1922, 55, [5], 528) itig 
known that the spatial distribution of the groups around carton 
atoms (1) and (2) is the same in all the above-named alkaloids and 
is dextrorotatory in total efiect, and that the spatial distributioa 
about carbon atom (3) is different in each of the pairs named, being 
dextrorotatory in cinchonine, qumidinc, and their hydro-derivatives' 
and in ethylhydrocupreidine, but laevorotatory in cinchonidine, 
quinine, and their hydro-derivatives and in cthylhydrocupreme. 
The spatial distribution of groups around carbon atom (4), wliether 
dextro or l®vo in effect, was unknown, but is elucidated in 
this communication. Consequently, although d-cinchonine and 
d-hydrocinchoninc, for instance, differed from d-quinidine and 
d-hydroquinidine, respectively, by a methoxyl group, it was doubtful 
whether stereochemically a demethoxylated quinidine would te 
cinchonine or an unknown stereoisomcride. 

As one of the present authors (T., 1919, 117, 476) had shown that 
when tropic acid is resolved by /-quinine, the most sparingly soluble 
salt is /-quinine d-tropatc, but when resolved by d-quinidine, the 
most sparingly soluble salt is d-quinidine /-tropate, it was thought 
that in a closely allied group of alkaloids, like the cinchona group, , 
the stereochemical factor might be of determining influence on the 
solubility of the various combinations ^vith d- and /-tropic acid, so 
that from the experimental results one might be able to say with 
some degree of certainty that cinchonine, hydrocinchonine, quin- 
idinej and hydroquinidine were stereochemically related, as were 
cinchonidine, hydrocinchoiiidinc, quinine, and hydroquinine. The 
experimental results obtained, while of great interest, fail to throv 
any light on the stereochemical factor, but show the great sensitive- 
ness of solubility to other influences. The results are tabulated 
below. 

Alkaloid. R"- Least soluble tropate. 


d-Cinchorrine \ ^ CU-.CH, 

LCinchonidine j ' , • 

d-Hydrocmchonine | -CHj-CKj ‘ 

/-Hydrocinchonidtne J , 

^Quinine 1 OMe -CltlCH, ' 

d-Qumidme j , 

LHydroqmnme I .aoemi’e. 

d-Hydroquinidine I , 

/-Ethylhydrocupremc \ -CKj-CHa ^jextro. 

d-Ethylhydrocuprcidme j 

d-Cinchoto xine * l.T.vn 

d-Quinotoxine * 

• In cinchotoxine and quinotoxine, the asymmetric 
and {4h -CH(OH}~CH, lose their as^rnimctry, becommg to j 


simultaneous formation of secondary nitrogen. 
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Jt is at once seen that mere reduction of the vinyl group is of 
influence, at least apparently, for although the dihydro-derivatives 
of quinine and cinchonidine resolve tropic acid in the same direction 
as the parent alkaloids, hydroquinidine, unlike quinidine, is unable 
to resolve the acid, the partial racemate being the most sparingly 
soluble salt. Again, whilst the Isevorotatory alkaloids, cinchonidine 
and hydrocinchonidine, give the Z-tropatc iis the least soluble salt, 
the derivatives, quinine and hydroquinine, differing from the 
former two by a methoxyl group, bring (nit the dextro-component. 
The replacement of the methoxyl group in hydroquinine by the 
ethoxyl group, as in ethylhydrocupreinc, is sufficient, again, to 
change the direction of resolution. The rever.se change in the 
directioir of resolution is ob.served in the substitution of ethyl- 
hydrocupreidine for quinidine, tlie sole constitutional changes being 
addition of hydrogen and replacement of methoxyl by ethoxyl. 
la the case, however, of cinchotoxiiie and quinotoxine, where, again, 
the sole difference is substitution of methoxyl for hydi’ogen, both 
resolve tropic acid in the same direction. Pasteur {Compt. rend., 
1853, 37, 166), on the contrary, found that cinchotoxine and 
quinotoxine resolved r-tartaric acid in different directions. In 
connexion with this curious effect of the replacement of hydrogen by 
methoxyl or ethoxyl, it is of interest to recall that when methoxy- 
or propyloxy-succinio acid is resolved by strychnine, the Isevo-acid 
forms the most sparingly soluble salt (Purdie and Bolam, T., 1895, 
67, 945), but with the intermediate ethoxysuccinic acid the dextro- 
acid separates first (Purdie and Williamson, ibid., 961). There are 
also numerous uistances in the literature where the pair ?-cinchon- 
idine, /-quinine, differing by a methoxyl group, resolve acids in 
different directions. 

As to the practical value of these all^aloids for resolving tropic 
acid, the isolation of cZ-tropic acid is best effected by quinine, hydro- 
quinine and ethylhydrocupreidine being almost as good but not 
quite so accessible, whilst for the isolation of /-tropic acid, quinidine 
and etliylhydrocuprcine (optochin) are equally good. With 
hydrocinchonine, resolution is slow and necessitates the use of 
alcohol-cther mixtures, whilst with cinchonidine and hydrocin- 
chonidine resolution is very slow owing to formation of mixed 
crystals. 

Some time after the experimental portion of this work w-as 
completed, the Vereinigte Chininfabrikcii Zimmer & Co. described 
a process (D.R.-P. 330813) for the production of the four possible 
^ereoisomeric alcohols by the reduction of hydrocinchoninone. 
The rotations of these bases give a clpe to the part played by the 
asymmetric carbon atom (4) in hydrocinchonine and hydi’ocm- 

4 s* 2 
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chonidine. Hydrocinchoninone is the ketone produced by oxidation 
of hydrocinohonine or hydrocinchonidine and may be represented 
by the tautomeric grouping 

— CO— CH^ — C(0H)=6 
(4) (3) 

the asymmetry of carbon atoms (3) and (4) being virtually lost 
iWuction leads to the production of the four possible alcohols in 
unequal proportions owing to the effect of the asymmetric atoms 

(1) and (2). The optical contributions of (3) and (4) in the alcohols 
may therefore be represented by 

d d I I 

d I d I 

The rotations of the four alcohols are + 190°, + 88*5°, + 48°, and 

— 98^, of which alcohols the first and the last are hydrocinchonme 

and hydrocinchonidine, respectively, the remaining two being new. 
As the spatial distribution of groups around carbon atoms (1) and 

(2) is the same in all four alcohols and is weakly positive in total 
optical effect, it is evident * that in the most dextrorotatory, 
hydrocinchonme with [a],) + 190°, the carbon atoms (3) and (4) 
contribute each a dextro-effect, and in the most Isvorotatory, 
hydrocinchonidine with [ajj, — 98°, each contributes a Isevo effect. 
This receives support so far as carbon atom (3) is concerned, because 
Rabe has already shown that (3) is dextrorotatory in quinidine and 
cinchonine and laevorotatory in quinine and cinchonidine. The 
same applies to the hydroalkaloids. 

The optical contribution of (3) and (4) in the alkaloids with [a]p 
4* 88 '5° and + 48° can, of course, be determined experimentally 
by Rabe's method, namely, by an examination of and identification 
of their deoxy-bases. The optical contribution of the asymmetric 
carbon atoms in four of the cinchona alkaloids may therefore be 
represented with a very considerable degree of certainty in the 
following abbreviated form. 

Asymmetric carbcti atoms. 

Alkaloid. (1) and (2). (3). (4). 

Cinchonine t .i. 

Hydrocinchonine ) 

(dnehonidino \ , _ 

Hydrocinchonidine -/ ’ 

♦ The principle of optical superposiiion is assumed here, at ^ f 
Bcniiquanlitativo sense. It seems justified by the quantitative results, t 
as regards magnitude and sign of rotation, obtained in tho sugar group J 
Hudson, Lovene, and others, and by the singular freedom from optic 
anomalies in the cinchona alkaldids when submitted to a variety o co 
siitutional changes. 
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The same argument cannot as yet be applied to quinine and quin- 
idine and their hydro-derivatives, because only two of the four 
possible alcohols produced by the reduction of hydroquininone are 
loiown, namely, hydroquinine and hydroquinidine. It is possible, 
however, to proceed by analogy and to compare the rotations of the 
cinchona alkaloids, their monochloro-derivatives, and the deoxy- 
bases produced by reduction of the latter. 

-CH(OH)-^H -CHCl-CH -CH,-OH 

( 3 ) ' 

The results are collected in the following table. 


Quinins 

Hydroquinine 

Cinclionidlne 

HvdjodnchODldlne ... 
Ethylhydiocnpreme . . . 

Qninidine 

Hydroquinidine 

Cinchonine 

Hydrccinchonine 


Mr>. 

— ISS’ Quininechlorido 

— 14'2 Hydroquinineohloride ... 

— Ill Citichonidlnetdiloride . . . 


[dn. 

+60° Deoxy quinine 

+ 43 Beoiyhj^droquinine ... 
+ 78 Deoxycinchonidine ... 


[dn. 

-100° 

-94 

-30 


—144 Ethylhydrocaprelnc- 

cHIorlde 

+ 24.3 Quinidinechloride ...!!!!! 
+230 Hydroquinidinechloride 
+224 Oinclioniiiechloride 
+190 — 


Dfioxj'ethylhydro- 

+ 38 cupreine _86 

+ 35 Deoiyquinidine +211 

+20 Deoiy hydroquinidine +187 

+ 5G Deoxyeinchonine +179 

DeoryhyUrocinchonine +128 


An examination of these rotations shows that there is a very close 
parallelism between the laevo-alkaloids, their chloro-derivatives, 
and their deoxy-bases. The same also applies to the dextro- 
alkaloids. Moreover, the c'hanges in the sign and magnitude of 
rotation receive their simplest interpretation in terms of the optical 
signs already deduced from independent evidence, in the case of the 
alkaloids without methoxyl groups, for asymmetric carbon atoms 
(3) and (4), namely, both Imvo in the Isevo- alkaloids and both dextro 
in the dextro-alkaloids. Thus for the iaevo -alkaloids, the carbon 
atoms concerned may be written 


--CH(OH)--CH -CHCl-CH 


I 


I 


— CHg— CH 


and for the dextro-alkaloids 


-CH(0H)-CH ^ -CHCl-CH -> -CH,-CH 
d d Id d 

The simplest explanation is that phosphorus pentachloride 
auses a change of sign of the contribution of carbon atom (4) in 
very case whether a Walden inversion has taken place or not being 
’ provided the same happens in each case and other 
dfidn ^kifluenced, as indeed tacitly assumed in Rabe’s 
acem + ^ asymmetric effect of carbon atom (3). On 

ount Of this very close analogy, it seems justifiable to incorporate 
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the methoxy-alkaloids in a similar scheme to the one deduced for 
the alkaloids without a methoxyl group. 

Alkaloid. 

Quinine \ 

Hydro quinine .1 
Quinidine \ 

Hydro quinidine ) 


AsjTfnmetric carbon atoms. 
(l)and(3). (3). (4). 

f + f 


Experimental. 


J^eso77ttion of Tropic Acid. 

With Hi/droguuiine—dl-Tropic acid (8-3 grams) was neutralised 
to litmus with hydroquinine (17*6 grams), dissolved in 95 per cent, 
alcohol. On keeping, 11 '5 grams of hydroquinine ^-tropate 
separated almost pure, melting at 179 181 and having [a]j, —82’ 
in absolute alcohol. After recrystallising four times from 95 per 
cent, alcohol, 6*3 grams of the pure salt were obtained of constant 
melting point and rotation. By working once more through the 
mother-liquors, a further 2-2 grams were obtained pure and 2*1 
grams melting at 180—181“. The two first crops represent a jield 
of 66 per cent, of the dextro-component present. 

IJydroguitiine d-fropaie crystallises from 95 per cent, alcohol in 
clusters of glistening, prismatic needles, which are anhydrous. It 
melts at 184 — 185“ (Found : G ^ 70*3 ; H = 7*1. C2 qH26O2N2,C9Hiq 03 
requires C = 70*7 ; H = 7-4 per cent.). The specific rotation was 

determined in absolute alcohol : c — 1*012; I ^ 2dcm,; Kj, -1-68’; 


[ajo - 

One gram of hydroquininc d-tropate, decomposed by 10 c.c. of 
3.Y-hydrochloric acid and extracted with ether, gave without 
further purification d-tropic acid melting at 127--128“ and having 
[a]D + 79*5“ in water (c - 0-59). Pure d-tropic acid has 
''with Hijdroqiiinidiue.—TihoTii is no resolution of tropic acid by 
hydroquinidine, the partial racemic salt being the least soluble. 

Hydroqvimdine (W-tropote monohydrate crystallises from 95 per 
cent alcohol in clusters of well-formed prisms, containing iHjO. 
It melts, when air-dried, at 116-118“ and when dried at IW , 
137 __ 139 =’ (Found : in air-dried salt, HgO = 3*9, 3*u ; C - 68^. 
H-7*4. requires C- 

68*2; H = 7*6 per cent.). The specific rotation of the hjdr 
was determined in absolute alcohol; 
a -f 2*77° ; [oc]d + 137*4“, whence for anhydrous salt [«Jd ■ 
On several occasions hyd^oquinidiyie dl-tropcUe was obta 
the anhydrous salt, crystallising from alcoholic 
glistening, silky needles. These melted at 137 139 , ^ 
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jjgint of the dehydrated monohydratej and passed readily either on 
standing in the air or on contact with the solution into the hydrated 
form- 

Xhe tropic acid isolated from hydroquinidine d^tropate was 
inactive and melted at 115—117^. 

With Ethylhydrocu'preine.—'FTom tropic acid (8-5 grams) and 
cthylhydrocupreine (17-5 grams) in alcoholic solution, ethylhydro- 
cupreine /-tropate (8*7 grams) was isolated pure. The yield was 
60 per cent. 

Ethylhydrocii'preine Uropale crystallises anhydrous from 95 per 
cent, alcohol in clusters of small needles. It melts at 199—200° 
(Found : C — 70*9 ; H ~ 7*5. f^2iH2g0.2N2,C9HiQ03 requires 0 
7P1 j H = 7*0 per cent.). The specific rotation was determined in 
absolute alcohol ; c — 1-002; I — 2 dcm.; — 2*18°; [ajj, — 
109-3°. 

From this salt ^-tropic acid was isolated and without further 
purification melted at 126 — 128° and had [a]i> — 75*6° in water. 

With Ethylkydrocupreidine . — From dMropic acid (4*9 grams) and 
ethylhydrocupreidine (10 grams), ethylhydrocupreidine d-tropate 
(4-5 grams) was isolated pure, and further quantities of slightly less 
pure salt were obtained from the aiconoUc mother-hquors. 

Elhylkydrocupreidine d-fropate crystallises anhydrous from alcohol 
in soft, white, voluminous masses of fine needles. It is sparingly 
soluble in cold alcohol and melts at 182 — 183° (Found : C ~ 70-8 ; 
H = 7-6. C2 iH2802N2,C9Hio 03 requires C-=7M; H 7-6 per 
cent.). The specific rotation was determined in absolute alcohol : ^ 
c = 1-011 \ I = 2 dcm. ; otj, -f 3-05° ; [a]i, + 150-8°. 
c = 1-012 ; / = 2 dcm. ; + 3-05° ; [a]j, + 150*7°. 

The tropic acid isolated from this salt melted at 128—130° and 
gave [ajn + 78*1° in water {c = 0-61). 

From the alcoholic mother -liquors of this salt, the corresponding 
ethylhydrocupreidine /-tropate was isolated in small quantity. 

Ethjlhydrocupreidine 7no7iokydrate crystallises from 

alcohol, in which it is readily soluble, in clusters of well -formed 
prisms. Air -dried, it melts at 121 — 123° with effervescence at 
127°, and when dried at 100° it melts at 131—133° (Found : m 
air-dried salt, HoO = 3-4. requires 

HgO = 3-6 per cent.). 

Its specific rotation was determined in absolute alcohol ; 
c= 1*029; ? = 2dcm.; ap+2*45°; [«!, + 118*8°; 
c = 0*856; ? = 2dcm,; ctD+2*04°; [aL -f 119-2°, 
whence, for the anhydrous salt, + 123*2°. From this salt, 
ethylhydrocupreidine was recovered, melting at 196° and having 
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[a]^ + 225* in absolute alcohol (c — 046) and i-tropic acid isolate^ 
melting at 127 — 129* and having — 78° (c = 0’29). 

With Quinotoxim.—dl-Troi^ic acid (11-5 grams) and quinotoxin,; 
base (21*7 grains) in alcoholic solution gave a crystalline salt whici 
after four crystallisations showed little signs of resolution. After a 
few crystallisations from winter quinotoxine /-tropate was readily 
isolated pure in 58 per cent, yield. 

Quinotoxine Uropate monohydrate crystallises best from wa% 
in small, cream-coloured needles. Air-dried, it melts at 112-^113= 
with effervescence at about 130*, and when dried at 100* it melts at 
116 — 118* without effervescence (Found : in air-dried salt, 

4*2 ; C = 68'6 *, H = 7'0, C2oH2402N25CgHjQ03,H20 requitfsj; 

HjO = 3-5; C = 68-5 ; H — 7*1 per cent.). The specific rotation 
, was determined in absolute alcohol : c = 0*997 ; / — 2 dcm.; 
-h0*17*; [a]j, + 8-4*, w'hence for anhydrous salt +8-71“. '' 

The crude tropic acid isolated from 1 gram of pure quinotoxine 
Mropate melted at 126 — 128° and gave [a]j, — 72° in water (c^ 
046). 

With Cinchotoxine. — Seventeen grams of cinchotoxine base were 
neutralised with 9*7 grams of d?- tropic acid and the salt from the 
syrupy solution was recrystallised several times, initially from a 
mixture of absolute alcohol and dry ether, and finally from 95 per 
cent, alcohol. The yield of cinchotoxine Z-tropate was 60 per cent, 

Cinchotoxine \4rO]Mie crystallises from 95 per cent, alcohol in 
clusters of fine, matted needles. It melts at 145 — 146*. It ha-s 
^ cream colour when pure and forms an almost colourless solution 
in absolute alcohol, but readily becomes yellowish -brown in colour 
on boiling. As observed with quinotoxine salts, there is a tendency 
to resinify (Found: C — 72*8; H = 7*0, 
requires C — 73*0; H = 7*0 jier cent.). The specific rotation was 
determined in absolute alcohol: c — 0*996; / = 2 dcm.; aj,4- 
0*205°; [a]o + 10*3°. 

The-tropic acid isolated from 1 gram of this salt w*as /-tropic acid, 
[a]u — 76°, m. p. 127*. 

With All attempts to crystalli.sc any .salt from 

cinchonine and d/-tropic acid w-ere fruitless. 

With Hydrocmchonine.~~Mohc\i\3iT quantities of tropic acid 
(8*3 grams) and hydrocinchoninc (14*8 grams) were crystallised 
'together from a mixture of absolute alcohol and ether until the 
rotation of the product w'as constant. The yield of hydrocin- 
chonine ^i-tropate was 2 grams. 

Hydrocinchonine d-/ropo/e monohydrate crystallises in laigc- 
tufts of needles aTid also in isolated needles. It 
whTO air-dried, from 178° to 195°, effervescing at the latter 
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and having shown signs of sintering at about 110 ® 
{Found: in air-dried salt, H 20 ^ 4 ’ 3 ; C = 70-0; H = 7-7. 
Ci 9 H 240 N 2 ,C 5 Hh)O 3 ,H 2 O requiTes Efi 3-7 ; C = 70-0 ; H == 7-5 
p^r cent.). The specific rotation was determined in absolute 

alcohol : 

c = 0*937; /-2dcm.; [a]t, + 116*7® ; 

0*953; /-=2dcm.; a^+2*22®; Wd + 116*8®, 

whence, for anhydrous salt, [a]jj -f 121*3®. The tropic acid 
isolated from this salt melted at 126—128® and gave [ajj, + 74*4® in 
router. 

With- Cinchonidine. — Owing to the formation of a complete series 
of mixed crystals resolution with this alkaloid is very slow. By 
crystallising cinchonidine {28*5 grams) and tropic acid (16*0 grams) 
from alcohol, after five crystallisations, 4 grams of cinchonidine 
tropate were obtained melting at 129—132® and having — 73*9® 
in absolute alcohol (c = 1). In this salt, the tropic acid isolated 
from 1 gram of material had [ajj, — 13*9®. A second preparation 
from the mother -liquors, after five crystallisations, weighed 8 grams, 
had [a ]0 — 74*7®, and gave a tropic acid with — 14*0®. By 
combining these crops of partly resolved salt and crystallising 
three times more, a salt with [aj^, — 78° and weighing only 3 grams 
was obtained. This gave a tropic acid having [ot]^ — 24*6®. As 
there was no doubt as to the direction in which the resolution 
was proceeding, cinchonidine ^-tropate was prepared from the pure 
components. 

Cinchonidine \4ropate monohydrale crystallises from alcohol in 
line needles. Air-dried, it melts at 131 — 133®, with slight effer- 
vescence {Found : in air-dried salt, HoO = 3*2 ; C — 70*7 ; H ~ 
7*2. Ci 9 H 220 N 2 ,C 9 Hio 03 ,H 20 requires HgO = 3*8 ; C = 70*3 ; 
H^7*2 per cent.). The specific rotation of the anhydrous sub- 
stance was determined in absolute alcohol : c = 1*108 ; 1 = 2 dcm. ; 
a, -1*87°; [al,_84*3®. 

With Hydrocinckonidine. — After four crystallisations of equimole- 
cular quantities of c^-tropic acid ( 8*3 grams) and hydrocinchon- 
idine (14*8 grams) from a mixture of absolute alcohol and ether, a 
crude hydrocinchonidine tropate was obtained with [a]j> — 55 * 8 ® 
jin absolute alcohol. This salt gave a tropic acid having [t.]^ —11*4® 
^ water. From the combined mother- liquors, after four more 
crystallisations, a hydrocinchonidine tropate, which gave a tropic 
^id having [a],, — 20*7®, was obtained. The resolution was thus 

F the direction of hydrocinchonidine ^-tropate. 
hydrocinchonidine l-tropate monohydrate was prepared from 
olecular quantities of the pure components and recrystallised 
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twice from a mixture of absolute alcohol and ether. It crystallises 
in hemispherical tufts of glistening needles. Air-dried, it softens 
at about 80® and effervesces at about 110 ®, and when dried at 100 “ 
it melts at about 130® (Found: in air-dried salt, H 2 O:^ 4 . 0 , 
C = 69*9 ; H = 7-5. C\9H240N2,C9Hn,03,H20 requires H^O ^ 3 . 7 1 
C = 70-0; H = 7-5 per cent.). The specific rotation was dete?’ 
mined in absolute alcohol : c — 1-05; ? — 2 dcm.; — I. 330 . 
[a]j, — 63-2®, whence, for anhydrous salt, [aj^ — 65-7®. 

The authors are greatly indebted to Messm. Boots Pmv 
Co. and to Tilessrs. Howards & Sons for a free supply of r-tropie acid 
and the cinchona alkaloids, respectively, used in this investigation. 

DErARTMENT OF BlOCHEiUSTKY AND PHARMACOLOGY, 

The National Institute for Medical Research, 

Hampste.\d, N.W. 3. [Received, September bth, 1922.] 


CCCIX.— The Soluhilit]/ and Volatility of the 
Nitrobenzaldehydes. 

By Nevtl Vincent Sidgwick and Wilfred Marsden Dash. 

Both the nitro-group and the aldehyde group are often found in 
the most markedly abnormal benzene derivatives, such as the 
nitrophenols, the nitrobenzoic acids, and the hydroxy-aldehydes 
and aldehydo-acids. We liave therefore examined the nitro- 
benzaldehydes, in which the two groups occur together. 

Preparation of 3fa<eriaZs.— o-Nitrobenzaldehyde. The commercial 
product was recrystallised twice from alcohol and twice from ligroin. 
The melting points given in the literature are 43 ‘5 — 44*5° {Gabriel 
and Meyer, Ber., 1881, 14, 829); 45-46® (Vanino, “Organische 
Praparate,” 1914, p. 484) ; 40® (Friedlander and Henriques, Ber., 
1881, 14, 2803). We did not find it possible to raise the melting 
point above 43*5® (corr.) ; to make certain that the material was 
dry, a portion was heated at 80® for half an hour, but its melting 
point was unchanged. In working with this substance it is neces- 
sary to use a 8ul)ducd light, in order to avoid conversion intonitrosc- 
benzoic acid. m-Nitrobenzaldehyde was made by the nitration 
of benzaldehyde at 5® by a solution of potassium nitrate in con- 
centrated sulphuric acid (Friedlander and Henriques, loc. cil, 
Ehrlich, Ber., 1882, 15, 2010). It melted at 58 * 0 Mcorr.) after 
recrystallisatiMi from aqueous alcohol and drying at 105 . The para 
compound used was Kahlbaum’s purest material, twice recrys 
lised fron^ aqueous alcohol, washed with sodium carbonate (o 
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remove any acid) and water, and dried at 110®. It melted at 
j06-5® (corr.). 

J)deTmin<iti(m of Solubilities.— These were measured in sealed 
bulbs, or at lower temperatures in a Beckmann apparatus. The 
temperatures of the triple points (solid aldehyde and two liquids) 
in presence of water were determined in a series of separate experi- 
ments, and the composition obtained by extrapolation on the two- 
liquid curve. The complete solubility curves were realised in water 
for the meta- and para-compounds, with critical solution tempera- 

Fio. 1. 

Solubilities of the N itrobenzaldekydes in Water, 

Orlho O Meta — q — - — para -x 

240 ‘ 


200 


160 


120 


80 


40 


Weight per cent. 

tares of 212® and 216°; but the ortho-curves could not be taken 
above 160“, as decomposition then set in. The benzene used was 
free from thiophen, and melted at 5-32“. 

The results are given in the following tables, and plotted on 
Figs. 1 and 2. In Table I, the points at which solid aldehyde is 
present are marked s. In Table II, those points at which solid 
benzene separates are marked 6 ; at the other points, the second 
phase is solid aldehyde. 

Volatility in Steam . — This w'as determined for each of the three 
isomerides in the apparatus already*described (T., 1920, 117, 396). 
The composition of the distillate was estimated by the method of 
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Table I. 




Solubility of the Nitrobenzaldehydes in Water. 


Ortho. 

Meta. 

Para. 

Weight 


Weight 


Weight 


per cent. 

Temp. 

per cent. 

Temp, 

per cent. 

Temp 

0'70 

66-9“ 

0-39 

40-5“« 

0-97 

r- 

90- po 

1-53 

103-1 

0-96 

75-1 

2-91 

132-4 

4-76 

1660 

1-95 

111-9 

8-78 

176-5 


— 

3-01 

136-4 

20-67 

205-4 

93-56 

161-7 

3-9.5 

147- i 

37-77 

215-5 

94-80 

146-1 

4-92 

157-3 

51-92 

215-7 

96-49 

113-5 

10-51 

181-0 

63- 19 

213-4 

99-00 

63-8 

,14-03 

191-4 

90-65 

172-0 

100 

43-5 

23-35 

205-4 

92-74 

164-C 



39-62 

211-8 

96-70 

134-2 



56-23 

211-7 

100 

lOB-y 



78-77 

19.5-3 





86-75 

179-3 





90-18 

167-0 





92-87 

1.52-0 





95-67 

126-2 





97-83 

85-2 





100 

58-0 



Triple point 






99*9 

39-7° 

99'C 

51-0° 

98-2 

97-P 

Critical solution temperature : 





— 


212° 


216“ 
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Solubility of the Nitrobenzaldehydes in Benzene. 


Ortho. 

Meta. 

Para. 

Weight 


Weight 


Weight 


per cent. 

Temp. 

per cent. 

Temp, 

per cent. 

Temp. 

0-00 

5-3°6 

0-00 

5-3°6 

0-00 

5-3“6 

1-17 

5-1 b 

1-20 

5-0 b 

1-00 

5-0 b 

2*47 

4-7 b 

2-40 

4-7 b 

2-00 

4-6 0 

3-51 

4-4 b 

4-28 

4-3 b 

2-75 

4-4 5 

4-98 

3-9 b 

4-98 

4-0 b 

3-57 

4-U 

10-12 

2-7 b 

10-14 

2-4 b 

4-06 

7-5 

15-18 

1-2 b 

15-15 

1-0 b 

5-01 

12-6 

20-09 

-0-4 b 

16-16 

0-9 

7-57 

23-4 

25-23. 

-1-5 b 

17-55 

2-8 

10-16 

30-8 

26-85 

-1-2 

19-03 

4-9 

15-00 

40-5 

29-59 

+ 1*2 

23-55 

9-8 

20-53 

48-3 

35-35 

4-9 

28-43 

14-7 

29-61 

47*5 

40-24 

8-2 

33-77 

18-5 

35-31 

62-2 

45-48 

11-3 

38-91 

21-7 

40-42 

65-7 

48-84 

13-0 

47-68 

25-6 

49-82 

71-3 

54-40 

15-8 

54-53 

29-4 

61-12 

m 

60-74 

10-4 

62-30 

330 

67-66 

81-0 

70-98 

.24-6 

68-87 

36-3 

73-54 

84-9 

76-28 

27-2 

74-35 

39*2 

78-85 

87-8 

81-60 

30-2 

78-36 

41-2 

85-54 

93-0 

87-82 

34-1 

83-23 

43-9 

92-83 

98-6 

95-08 

39-1 

88-80 

47-7 



100 

43-5 

94-49 

51-7 





100 * 

58-0 



Eutectic point : 




+4-1“ 

26-50 

-1-7° 

15-75 

-0-8° 

3-60 
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tracHe {SUzungshtr. K. Akad, Wise. Wien, 1891, 100 , Ilb, 424; 
g92 I01i nb, 311), by conversion into the hydrazone with excess 
. p^gjiylhydrazine, and determination of the excess by oxidation 
copper sulphate and measurement of the hydrogen evolved. 

Fig. 2. 

Solubilitiee of the NUrobenzaldekydes in Benzene. 

Ortho O — X 



The results are given in the follo^^■ing table. Each value is the mean 
of from three to five determinations, which in no case differed by 
more than 5 per cent. The corrected values are the vapour pres- 
sures which the pure liquids would have at 100°, calculated by 
the method previously described (*Sidgwick and Ewbank, T., 1921, 
119, 997), it being assumed that the relative lowering of the vapour 
pressure by the water is the same as at the triple point, where it 
can be calculated from the heat of fusion. 


eight per cent, in distillate 

Vapour pressure in mm. x 100 f 

t corr. 


Ortho. 

Meta. 

Para. 

1*80 

1-27 

0-85 

1-74 

M6 

0*76 

1-88 

1-32 

0*90 
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Nomiml Heals of Solution in Benzene . — These were calciilate 5 [ 
from the solubility curves by means of the usual formula 


1 s 1 1 

*1 M\f\ TJ 
The results are given in Table III, and plotted on Fig. 3. 


Fia. 3. 

Nominal Heats of Solutioyi in Benzene, 

Ortho 0 \ Pam 



Table III. 

Nominal Heats of Solution in Bimi/a'uc. 


ilean mol. 

Heat of Solution in kgr. 

■cnls. 

per cent. 

Ortho. 

Meta. 

Para. 

95 

4-39 

4-26 

4-87 

85 

5-21 

4’89 

6-32 

75 

5’ 75 

5-98 

6'58 

65 

6-45 

7'55 

7<e6 

55 

7‘78 

8'U8 

8-97 

45 

7-72 

8-80 

10-26 

35 

7-83 

9*92 

11-45 

25 

8-20 

11-45 

10-78 

15 


7-32 

9-15 


Disatssion of Results, 

The influence of position on the physical properties of tbe nitro- 
benzaldehydes is not large, or in other words they are only slightly 
abnormal. It is unfortunate that the decomposition of the ortho- 
compound at higher temperatures made it impossible to determine 
its critical solution temperature. The closeness of the curves for 
the meta- and para-compounds in water is very marked (their 
critical solution temperatures, are only 4® apart), but this occurs wth 
aWrmal compounds (for example, vrith the nitrophenols) as well as 
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with norm^'h Th6 ortho-curves (in water), so far as they go, 
show smaller solubility, as we should expect, but not much 
smaller. The heats of solution in benzene lead to the same result. 
The following table gives the increase in the heat of solution 
(ma^mum value divided by that at 95 molecules per cent.) for the 
nitrobenzaldehydes as compared with the corresponding figures for 
the cbloroacetanilides * (almost normal), the nitroanilines (definitely 
abnormal), and the nitrophenols (highly abnormal) : 


Ortho. Meta. Para. 


NOs^CHO 1-87 2*88 2-58 

aNHAc l-fif) 1.93 2-35 

NOjjNHg 3-83 3-78 4-88 

NOj,OH 1-48 3-39 5-GO 


The volatilities again show an almost normal behaviour. The 
boiling points of the ortho- and meta-compounds are only 8“ apart 
(156® and 164® at 23 mm. : that of the para has not been deter- 
mined) ; the vapour pressures at 100® as deduced from the volatili- 
ties in st^am do not differ widely, as is shown by the following 
comparison of their relative values (para ^ 1) with those of the 
other derivatives : 


Relative Vapour Tress arcs at 100°. 



Ortho. 


Pan 

NO^.CHO 

2-09 

1-48 

1 

CfNHj 

2-43 

1'08 

1 



23-0 

5-00 

1 

NOa.OH 

30-3 

2-37 

1 


We may therefore conclude that the nitrobenzaldehydes 
are only very slightly abnormal, to about the same extent as the 
cliloroanilines. 

A general survey of the results of these investigations, while it 
confirms the view already expressed that abnormality requires the 
simultaneous presence of two suitable (“ active ”) substituent 
groups in the nucleus, also shows that these two groups act in two 
different ways, like the chromophore and auxochrome groups in a 
dye: to be abnormal, the isomeridcs must contain (1) a group 
making them sensitive, and (2) another group which can act on 
this sensitiveness. The following table summarises the effects of 
SIX of the most active groups examined (0 indicates normality, -f 
mstinct abnormality, and -f f great abnormaUty. Where the 

chloroanilines would no doubt give similar values, bufc their melting 

nar heats of solutic^u can only be measured over a 

narrow range. 
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symbols are placed in brackets, the compounds have not been 
investigated). 


OH ... 

NHa 

COjH 

CHO 

NO, 

a ... 


OH. 

NHj. 

CO,H. 

CHO. 

NOg. 

( + + ) 


+ 

++ 

+ 4- 

( + ) 

( + ) 


+ 

+ + 

( + ) 

(+) 

+ 

+ 

+ + 


+ 

0 

0 

+ + , 

. + 

+ 

0 

+ + 

0 

0 

(0) 

(0) 


Cl. 

++ 

0 


( 0 ) 

( 0 ) 


Ail these groups are capable of activating a sensitive group, but 
the sensitiveness itself diminishes as we pass along the table do\vn. 
wards or from left to right. The nitro-group causes abnormality 
in phenol (very large), in benzoic acid (large), and in aniline {fairly 
large), but not in chlorobenzene or nitrobenzene, and scarcely at 
all in benzaldehyde. The aldehyde group is similar : it activates 
hydroxyl and carboxyl, but scarcely the nitro-group, and not 
chlorine. The chlorine atom is still more restricted in its action; 
it has so far only been found to produce abnormality in the 
phenols. 

Dyson Peerins Laboratoey, 

OxYORD. [Received, Ocioher lllh, 1922.] 


CCCX.~The Formation and Pro'perties of Dithio' 
ketones (R2C:S:S) and Dithio’ethers (RaSiS). 

Part III. 

By Kuvekji Gosai Naik and Mahadeo Dattatraya Avasarb. 

The experiments described here were undertaken with a view to 
test the hypothesis advanced by one of us (T., 1921,119, 1232), 
namely, that interaction of sulphur inonochloride and a compound 
containing the methylene radicle depends on the nature of the 
groups attached to the two remaining valencic.s of the carbon atom. 
It was shown that either one or both of the hydrogen atoms of the 
methylene radicle were brought into activity, the course of the 
reaction depending on the total negativity of the two carbonyl 
groups with their attached radicles. 

The work so far recorded was carried on with compounds whicli 
are derivatives of malonic or acctoncdicarboxylic acid. Expen- 
ments have now been made with (1) the anilide, (2) the o-toluidi e, 
and (3) the p-toluidide of acetoacetic acid. Of these commands, 
only the first has been described (Knorr, Anmkn, 1886, 236, 
whereas (2) and (3) do not seem to have been prepared. 
these three compounds were treated with sulphur monoc o 
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dry benzene, reaction took place more readily and more 
yjgorously than in the case of the corresponding derivatives of 
malonic and acetonedicarboxylic acids. Stable disulphides were 
formed in each case. Thus, 


CHg^CO 

NHR‘CO 


CbS 




CHg-CQ 

NHR-CO 


>C<i, +2HC1, 


where R is the phenyl or tolyl group. Here the total negativity of 
the groups attached to the reactive methylene group is greater than 
in the cases of the corresponding malonic and acetonedicarboxylic 
acid derivatives. 

Considering the three compounds (i) CHg-CO'CHg’CO-NHR, 
(ii) NHR-CO*CH 2 'CO‘NHR,and (iii) NHR-CO-CH 2 -CO*CH 2 ‘CO*NHr’ 
it will be seen that the total negativity of the carbonyl groups with 
their attached radicles in the case of (i) is due to tw-o groups, one 
of which, CO*NHR, is common to all three compounds, and the 
other, the acetyl group, is more negative than the partly neutralised 
group, CO'NHR, which is present in (ii) and (iii). Again, the 
negative effect of the central carbonyl group in (iii) is divided 
between the two adjacent methylene groups, so that the total 
negative effect on each methylene group is smaller than that on a 
single methylene group, when linked as — CO-CHg’CO— , as in 
cases (i) and (ii). Hence it is to be expected that the two methylene 
groups in (iii) will be less reactive than the one in (ii), which in turn 
will be less reactive than that in (i). Such has actually been found 
to be the case. Whereas compounds of type (iii) react thus, 
NHR-CO-CHa ChS NHR*CO*CH-S 

CO + = CO + 2HC1 

NHR-CO-CHa Cl-S NHR-CO^CH-S 

those of types (ii) and (i) behave as follows, 


NHR.CO^ NHR‘CO^^^« , 


ClvS 


where R' is the methyl or anil ino -group. Reaction in the case of 
(i), however, proceeds very much faster than in the case of (ii), in 
fact, the reaction proceeds vigorously even in the cold. Such 
behaviour is in accordance with the theory. 

It was stated in Parts I and II {k)c. ciL, pp. 382, 1233) that it is 
possible to nitrate the compounds there mentioned without 
estroying the dithio -grouping, which behaves as a remarkably 
8 a e residue.^ The dithio-compounds now described can also be 
ni rated in a similar way and give dimtro-derivatives : 

CjNs-NH-CO-CSj-CO-CH, C5H3(N02),-C0-CS2-C0'CH3 
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This behaviour obviously lends further support to the view pr^. 
viously advanced that the dithio-grouping in these compounds is 
structurally different from that present in P^'-dichlorodiethyl 
disulphide and similar compounds, and that sulphur monochloride 
is capable of reacting in the two forms indicated [loc. cil.). 

FurtJier work is in process with a view to throw additional light 
on the problem, by studying the influence of such reagents as sulphur 
dichloride, sulphuryl chloride, thionyl chloride, etc., on these and 
corresponding derivatives of cyanoacctic acid. 


Experimental. 


Dithioocctoacetauilidc.—^^yo grams of acetoacetanilide and 25 
grams of sulphur monochloride (S^Cla) were heated under reflui 
wdth 50 c.c. of dry benzene for two hours. Reaction started in 
the cold, liydrogen chloride gas being vigorously evolved. When 
the evolution of the gas ceased, the product was filtered and washed 
thoroughly with dry benzene to free it from the excess of sulphur 
monochloride. Tlie solid residue, after repeated purification from 
a mixture of benzene and petroleum, melted and decomposed at 
125" (Eoimd : S- 26’92. OjoHgO.NSa requires S -= 26 78 per 
cent,). 

The acetoacetanilide required for the experiment was prepared 
by Knorr’s method {loc. cit.). The product obtained was very 
pure, but the yield was very small. It was crystallised from a 
mixture of benzene and ligroin. 

The {//«?7rO'derivative of the above dithioacetoacetanilide was 
prepared by 'wanning the thio- com pound with a sufficiency of 
nitric acid 0 1-5), reaction being very vigorous. The nitration 
product w'as precipitated by the addition of a minimum of water, 
and after being washed with nitric acid and with wuter was obtained 
as a brown powde^ decomposing at 107" {Found : N 12’9{); 
S lS-82. CjoH^OgNgS^ requires N ^ 12-7(>; S 19-4o per cent.). 

^cefo^cthp-/o^?n‘duZc.-Acetoacctic ester and p-toluidine m 
equimolecular quantities wtic heated in a scaled tube at RO— 1-5 
for five hours. The alcohol having Ixaai evaporated, the residue 
was cooled in a freezing mixture and the resulting crystalline mass 
washed with a mixture of benzene and ligroin and subsequently 
crystallised from the same solvent; the .substance obtained ineM 
at 95". It is very soluble in alcohol or benzene and .sparing} 
soluble in ligroin (Found ; N -- 7*50. uqmrf** 


N = 7*33 per cent.). , 

Equal quantities (3 grams) o ^ 

above p-toluidide and sulphur monochloride 

reflux with KK) c.c. of benzene iov three houns. After Wym 
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chloride ceased to be evolved, the product was treated in the same’ 
as the corresponding anilide derivative. It began to decompose 
and melted at 140° (Found: S = 25*28. 
requires S == 25*29 per cent.). 

The dm^ro-deiivative was prepared in the same way as the 
corresponding dinitroanilidc, and obtaihed as a yellow powder 
decomposing at 170° (Found : N = 12*16; S -- 18*85. 

0 HgOjjNgSg requires N = 12*24 ; S = 18*65 per cent.). 

A.cetoctcet- 0 -toluidide . — This substance was prepared in the same 
way as the corresponding p-tolyl derivative, and after recrystall- 
isation from benzene and petroleum melted at 107°. It is very 
soluble in alcohol or benzene and sparingly soluble in ligroin (Found : 

— 7*62. C 11 H 13 O 2 N requires N = 7*33 per cent.). 

DitUoacetoacet-o-toluidide . — The o-toluidide was treated with 
sulphur monochioride in the same way and in the same proportions 
as the corresponding para- derivative. The product, on repeated 
purification from a mixture of benzene and petroleum, melted and 
decomposed at 167° (Found ; S — 25*26. requires 

S = 25*29 pxT cent.). 

We take this opportunity to record our thanks to the Chemical 
Society for a grant \vhich has partly defrayed the expense of this 
investigation. 

The Baroda College, 

B.aroda, India. [fieceivedt August 3Qth, 1922.] 


CQQXL—The Triazo-grouj). Part XXII * Cinnamic 
Acid Chlorohydrin and its Conversion into a-Triazo- 

I^Aiydrox?j-^-phemjlpropwnic Acid. 

♦ 

By Martin Onslow’ Forster and William Bristow Sayille. 

The derivatives of phenjd, serine which should lead to a syn- 
thesis of picrorocelliu (tlii.s voL, p. 816) appeared likely to be 
obtainable from a-triazo-'!i-hydroxy-[^-p]ienylpropionic acid, 
and we find that this compound is 
readily prepared from the chlorolnvlriii of cinnamic acid (phenyl- 
chlorolaetic acid). In accumulating the necessary chlorohydrin, 
however, we encountered a pronounced divergence from the observa- 
tions ot Read and Andrews (T., 1921, 119, 1774), and the compound 
having been first described more than llft}^ years ago (Glaser, 
^nmkn, 1868, 149 , 80), it seems remarkable that fresh facts may 

* Part XXI was published T., 1912, 101, 1359. 
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still be learned regarding it. We do not suggest that the results 
of Read and Andrews are recorded inaccurately, although we fol, 
lowed their prescription as exactly as possible ; we prefer to believe 
that addition of hypochlorous acid to cinnamic acid is an action 
more than usually sensitive to slight variation of experimental 
conditions. 

Whereas from cinnamic acid (20 grams) Read and Andrews 
obtained the dichloride {0-4 gram), chlorostyrene (1*5 grams), and 
the chlorohydrin (23'8 grams), our experiments, repeated many 
times with imiform results, have never given the dichloride and 
have produced only a very small proportion of chlorostyrene ; the 
yield of chlorohydrin averaged 21 '6 grams, whilst in addition there 
was invariably isolated a volatile, neutral substance (4'1 grams) 
melting at SG'", having the empirical formula of chlorostyrene 
chlorohydrin, CgHgOCl.^, and appearing to have escaped the notice 
of earlier workers. This result arose alike from cinnamic acid 
of synthetic and vegetable origin ; it was not varied by conducting 
the operation in dim light, although speed of reaction was much 
greater in direct sunshine, and it was also not affected by using 
cylinder chlorine instead of the gas produced from hypochlorite. 
Furthermore, the chlorohydrin was never isolated in a manner so 
simple as might be inferred from the description given by Read 
and Andrew.^, its purification being a matter of some difficulty; 
in fact, we have found it much more convenient to use the method 
of Erlenmeyer and Lipp {Anmleny 1883, 219, 185) which, by a 
simple modification, readily produces the chlorohydrin in good 
yield and in excellent form, accompanied by chlorostyrene. 

The melting point of cinnamic acid chlorohydrin calls for remark. 
Read and Andrews mention 78—80° for the monohydrate, thus 
agreeing with Glaser and with Erlenmeyer and Lipp, who further 
state that the anhjjflrous compound lAelts at 104°. Whilst con- 
firming the latter observation, we have repeatedly noticed that 
the Ireshly prepared chlorohydrin, after being drained on porous 
earthenware, melts indefinitely below 50°, and when recrystallised 
from warm water melts at 50 — 52°, rising to 56° after two days 
in air, remaining constant at that temperature. In this connexion, 
it is noteworthy that Zimmer and Stieglitz {Ber.y 1889, 22, 3140) 
record 56*5° for the hydrated modification and 86° for the anhydrous 
acid ; moreover, Ra.ssow and Rurmeister ( J. pT. Chem., 191 L [n|, 
84 , 473) state that the hydrated acid melts at 56—57° and changes 
into a labile anhydrous acid melting at 86°, of which the sta e onn 
melts at 102—103°. We find that the anhydrous material (m. p- 
104°) takes up moisture on exposure to air, and may then gia 
to melt as low as 90°, whilst the hydrated specimens, i e J 
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gujphuric acidt desiccator during many days, do not begin to melt 
below 92^" ; consequently, we believe the true melting points to be 
56° (hydrated) and 104® (anhydrous). 

a.Triazo-P'hydroxy-^-phenylpropioaic acid, prepared from the 
chlorohydrin and sodium azide, is much more stable than the chloro- 
conipouud, and when compared with phenyltriazoacetic acid 
(Forster and Muller, T,, 1910, 97, 138) illustrates the result of 
separating the phenyl radical from the carbon atom which carries 
the carboxyl and triazo- groups. Nevertheless, it is decomposed by 
hot alkalis, giving benzaldehyde, nitrogen, ammonia, and hydrazoic 
acid; the methyl ether, on the other hand, retains the carbon chain 
intact although the triazo-group is removed. 

E X P E R I 51 E X T A L . 

Preparation of Cinnamic Acid Chlorohydrin. 

Method of Pead and Andretvs . — large glass jar containing 
1600 c.c. of water and 2 c.c. of concentrated sulphuric acid was 
surroimded with melting ice. During vigorous agitation, a brisk 
stream of chlorine w^as passed into the li(iuid, and a solution of 
sodium cinnamate, prepared by dissolving 20 grams of cinnamic 
acid in 67 c.c. of 2A' -sodium hydroxide solution diluted with 200 c.c. 
of water, was added in quantities of 20 drops, further addition 
being delayed until the consequent turbidity had disappeared. In 
bright daylight, the chlorine was rapidly absorbed, ice being added 
from time to time during the one and a half to tw^o hours occupied 
by the operation. The slightly turbid liquid w'a.s filtered from a 
small quantity of suspended solid, extracted twice with light 
petroleum, then saturated with salt and extracted twice with ether, 
this being dried with sodium sulphate and distilled, when a viscous, 
pale amber -coloured oil remained. The product crystallised to a 
thick, honey-like mass which could not be filtered or drained on 
earthenware until rubbed with 20 c.c. of water; it w’as then filtered 
by the aid of the pump, kneaded with 40 c.c. of saturated brine, 
and again filtered, the crystalline chlorohydrin melting at about 
52°. After twenty-four hours, the two filtrates containing oil and 
brine had yielded a further quantity of crystalline chlorohydrin 
which melted indefinitely at 45 — 50°, and the oil filtered therefrom 
was extracted wfitli ether; when dried with sodium sulphate and 
disUUed, the residue remained liquid during many weeks, after 
which a few crystals appeared. Meanwhile, the petroleum extract 
was distilled on the water- bath ; the residual oil had the odour of 
chlorostyrene, but became almost cqjupletely solid during forly- 
cight hours, the crude product melting at 56°. Finally, the oil 
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which had been filtered with brine from the chlorohydrin, and whiclj 
had remained liquid for an indefinite period, was found to be a 
mixture of chlorohydrin and the foregoing neutral compound 
removed by the light petroleum ; it was therefore treated with 
aqueous sodium carbonate (10 per cent.) until faintly alkaline \\ 
neutral component remaining undissolved and removable by ether 
whilst the chlorohydrin, melting at 45 — 50°, was precipitated by 
adding dilute sulphuric acid and saturating the liquid with salt 
the neutral compound being isolated by subjecting to steam dig. 
t illation the residue left on di.stilling the ether. 

Six experiments carried out as above did not show any diver 
gcnce from one another. A total yield of chlorohydrin amountmg 
to 130 grams (73*5 per cent, of the amount calculated for 
was obtained together with 25 grams of the neutral 
product melting at 56°. The small quantity of sticky solid which 
had been filtered from the react ion- liquor, and having the odour 
of chlorostyrene, was rubbed with a few c.e. of light petroleum 
and drained on earthenware ; it w’cighed 1 gram (from 120 grams) 
and consisted of unchanged cinnamic acid. The di chloride could 
not be found, and the total amount of chlorostyrene from 120 grams 
of cinnamic acid could not have exceeded 2 grams. The source 
of chlorine was a cylinder of compressed gas, but action proceeded 
in the same manner and led to t!ie same quantitative results when 
the halogen was prepared from bleaching pow'der. Cinnamic acid 
from storax w'as also used, and did not differ from the synthetic 
material in behaviour. Protection from sunlight merely retarded 
the action without a 1 1( 'ring tlie cliaracter or yield of the products, 
whilst in dull red light the addition of hypochlorous acid proceeded 
too slowly for efficient working. 

Modified Method of Erlenmei/er and Lipp . — Sodium hypochlorite 
was prepared by saturating with chloriqe a well-stirred solution of 
crystallised sodium carbonate (143 grams) in water (1000 c.c.) at 
4®. Sodium cinnamate from the acid (75 grams), water (1000 c.c.) 
and sodium carbonate (54 grains, anhydrous) was agitated at P 
during rapid addition of the hypochlorite ; after half-an-hour in 
ice the liquid, which became increasingly turbid, was treated with 
sulphur dioxide until excess of active chlorine had been reduced, 
and then acidified with hydrochloric acid (250 grams of d 149), 
which precipitated a sticky, crystalline paste. This having been 
separat^, the liquid was extracted twice with light petroleum and 
saturated with salt, precipitating crystals which melted at about 
52°. The product was extracted with ether, this being dried with 
sodium sulphate and distilled, leaving a viscous, pale yellow oO 
which rapidly solidified to a friable cake, quite different in character 
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from the honey*like product obtained by the method described 
above. The oily residue from evaporation of the petroleum extract 
had an aromatic odour reminiscent of chlorostyrene ; having been 
united with the sticky, crystalline paste obtained on adding hydro- 
chloric acid to the original mixture, it was subjected to steam 
distillation, which carried over a volatile, limpid oil and left impure 
cinnamic acid in the flask. The yield of chlorohydrin from 70 grams 
of cinnamic acid (75 grams less 5 grams recovered) amounted to 
74 grams (corresponding with 71-8 per cent, of the quantity cal- 
culated for CgHgOgCbHgO) together with 18 grams of the volatile 
oil. Thus, in view of the much larger quantities manipulated at 
one operation, the superior readiness with which the by-product 
can be removed, and the ]nore convenient form in which the chloro- 
hydrin emerges, the modified method of Erlenmeyer and Lipp is, 
in our opinion, preferable to that of Read and iVndrews. 

FuriJicaiioTi through the, Sodium Salt . — The chlorohydrin (.50 grams) 
was m^e into a paste with water (100 c.c.) and treated with sodium 
carbonate (13-25 grams) in water (50 c.c.), dissolution being followed 
immediately by crystallisation of the sodium salt in flat, lustrous 
needles. After being filtered and waslied with brine, the product 
(28 grams) was dissolved in water (loO c.c.) and acidified with sul- 
phuric acid (7 grams) diluted with water (10 c.c.), the crystalline 
acid melting at about 55'^. Dissolved in water at about 40^ and 
allowed to cool spontaneously, the acid separated first as an oil; 
on adding enough cold water to dissolve this, and then stirring 
vigorously, lustrous, silky needles appeared, and the liquid set 
to a paste of crystals within half-an-hour, the air -dried pro- 
duct melting at 56° (Found : 0 = 49-2; K = 5-1; Cl = 16'2. 
CgHgOgCbHgO requires C = 49‘4; H = o'O; Cl = 16’2 per cent.). 
During two days in the desiccator over sulphuric acid the melting 
point rose to 95°, and the product was then recrystallised by dissolving 
2 grams in 25 grams of chloroform and adding 20 grams of light 
petroleum ; the acid separated in rosettes of fiat, transparent prisms, 
and melted at about 84°, giving indications of softening at about 
60°, but after two days in the desiccator it melted at 104° with only 
slight previous softening. In this condition, 1-45 grams required 
41 grams of chloroform for complete dissolution, 53 grams of light 
petroleum being then added; the freshly w'itlidrawn crystals melted 
at 102° without previous shrinking, but after twelve hours in a 
vacuuju desiccator melted sharply at 104° (Found : C = 53-7 ; 
H = 4-9; Cl = 17-7, CgBlgOgCl requires C = o3-9; H=;4-5; 
Cl=^17‘7 per cent.). When separation from the above mixture 
takes place slowly, the chlorohydrin crystallises in fiat, transparent, 
rix-sided prisms, well formed and separated. 
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The. Neutral By-products. 

Solid, obtained by the Method of Read and Andrews. The resiiJu^ 
from the light petroleum rapidly solidified, and having been drained 
on earthenware from a small quantity of oil having the odour of 
chlorostyrenc, was recrystallised from warm light petroleum, in 
which it dissolves readily, separating in massive, transparent, 
rhomboidal prisms melting at 56° (h'ound : C = 50*3, 

H = 4-2, 4*4; Cl == 37*1, 37*1. CgHgOCla requires C^r)0-2; 
H = 4*2; Cl = 37*2 per cent.). The substance is very readily 
volatile in steam, the vapour' being pungent and sternutatory. 
When heated in aqueous alcohol with aramoniacal silver oxide, 
separation of silver chloride occurs, whilst benzoic acid and benzal 
dehyde are produced. Boiling aniline is without action, hut cold, 
concentrated sulphuric acid transforms the com}X)und into a colour- 
less, amorphous material which has not been crystallised, being in- 
soluble in common organic media. The empirical formula is that of 
a chlorohydrin of chlorostyrene, very probably CfiH^-CHlOHj'CHCij. 

Liquid, obtained by the Method of Erlenmeyer and Lipp.— The 
residue from the light petroleum remained liquid and was therefore 
distilled in steam. The volatile oil, having been collected by ether 
and dried with sodium sulphate, was distilled under atmospheric 
pressure, and the principal fraction, boiling at 107 — 200“, was 
redistilled almost completely at 197—190° (Found: C-69*3; 
H = D’l; Cl = 24*7. C 8 H 7 CI requires C ^ 69'3; H = o* 0 : 
Cl = 25' 6 per cent.). It thus appears to be chlorostyrene, winch 
boils at 199°. 


oi^TriazO’ ^-hydroxy- ^-phenylpropionic Acid, 

G6H,‘CH(0H)-CHN3-C0.^H. 

Sodium phenylchlorolactate (20 grams), air-dried, was dissolved 
in cold water (100 c.c.}, mixed with sodium azide (9 grams) in 
w*ater (30 c.c.), and maintained at about 80° during one and a half 
hoursi the liquid becoming slightly turbid and developing a faiiitlv 
aromatic odour. The cold solution was filtered from a very sraal 
quantity of crystalline material and acidified with sulphuric aci 
(50 per cent.), the snow-white, crystalline precipitate, together with 
further amounts obtained on adding salt and by extraction wt 
ether, weighing 10*7 grams, After recrystallisatioii from benzene, 
the triazo-acid melted at 122° (Found: C-52*2; H - 1 > 
N = 20 * 2 . requires C = 52*2 ; H = 4*3 ; IS == -0 

cent.). One gram of the acid requires about 4 c.c. of ^tcr 
16 c.c. of hot benzene for dissolution, stellate aggregates 0 us 

needles being deposited on ‘cooling. Effervescence wit con , 
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trated sulphuric acid is very vigorous, but very slow with stannous 
chloride. When heated with aqueous sodium hydroxide (10 per 
cent.), the dissolved triazo-compound rapidly yields beiizaldehyde 
along with ammonia, accompanied by slight effervescence ; when 
action is complete, sodium azide is recognisable in the liquid. 

Methyhtion.—A mixture of the triazo-acid (2 grams) and methyl 
sulphate (5 grams) was shaken with 20 per cent. aqueou.s sodium 
hydroxide (10 c.c.), added in small quantities. After extraction 
with ether, addition of sulphuric acid to the aqueous liquid pre- 
cipitated a colourless oil which became crystalline as the dissolved 
ether evaporated. The filtered j)roduct (1'5 grams) was warmed 
with light petroleum (17 gram.s), which deposited striated aggregates 
of prisms melting at Or (Found: N^18-7; CHg-O ~ 13*9. 

requires N=19‘0; CHg-O = 14'0 per cent.). 
x.fnazo-^-methoxy-^-phenylpropionic acid is freely soluble in cold 
benzene and dissolves readily in warm water; it is much more 
stable than the hydro xy-compound towards hot, aqueous sodium 
hydroxide, which removes the triazo-group very slowly and does not 
produce benzaldehyde. 

The foregoing experiments w^rc conducted in the Davj^-Faraday 
Laboratory of the Royal Institution. 

Royal iNSTironoy, W.l. [I^eccived, October IZth, 1922.] 


CeeXIL — The Labile Nature of the Halogen Atom 
in Organic Co^npounds. Part VIL Absorption 
Spectra of the Halogen Derivatives of some Cyclic 
Compounds, and their Bearing on ike Question of 
an Oxygen-Halogen Linking. 

By Hugh Graham and Alexander Kiixen K\cbeth. 

The labile nature of the halogen atom in different types of organic 
compounds has been substantially demonstrated in the previous 
papers of this series (T., 1921, 119, 1356; this vol., pp. 892, 904, 
1116, 2169, 2527). Hypotheses to account for the reactivity of the 
lalogen atom in some of the compounds examined had been pro- 
posed by various workers, a notable suggestion being that the labile 
lature of the halogen atom is connected with certain structural 
irrangements, the reactive compounds containing an oxygen- 
lalogen linking (Vorlander and Kohlnuvm, 1902, 322, 239; 

WUstatter and Hottenroth, Ber., 1904, 37. 177o). The question 
VOL. CXXI, 4 X 
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of such a linking occurring in the molecule has already been examined 
(Graham and Macbeth, this vol., p. 1109), and the evidence obtained 
from a study of the absorption spectra of bromomalonic derivatives 
and nitroparaftins indicates that the view is untenable in these 
cases. It seemed of interest to extend the observations to othrr 
types of compounds containing reactive lialogen atoms, and the 
results obtained furnish further support for the view that an oxygen^ 
halogen linking does not occur in the reactive substances. 

The compounds now examined include 1 ; l-dimethylcyc^ohcxanc- 
3 : 5-dione and cyc/ohexane5pVofyc?ohexane-3 : ^-dione and their 
halogen derivatives. Vorliindcr and his collaborators prepared 
the dimethyldihydrorcsorcinol compound and examined its pro- 
perties and those of its halogen derivatives. The parent dione and 
its monohalogen derivatives behave as monobasic acids, forming 
neutral sodium salts. Their alcoholic solutions become deeply 
coloured on the addition of ferric chloride, and therefore the com- 
pounds exist in the enolic form. The dihalogcn derivatives differ 
entirely from the monohalogen compounds in chemical properties, 
the latter resisting the action of boiling alkali whereas the former 
arc readily decomposed by war m alkali or sodium carbonate solution, 
one of the halogen atoms being removed. To account for these 
difierences, and the marked oxidising properties of the dihalogen 
compounds, the following formulie were proposed : 


.CHa-CO 

MegCr ^CH 
^CHa’C-OH 


/CHg'CO 

Me2C<^ )CX 


McpC 






cx 


CH,-C-0X 


Vorlfinder further suggested that the bromoxyl structure probably 
occurred quite frequently in organic compounds, and advocated aii 
oxygen-halogen linking in the case of dibromobarbituric acid (Baeyer, 
Annalen 1863 127, 229) and the dihalogen derivatives of diketo- 
hydrindenes (Zincke, Ber., 1887. 20, 3216; 1888, 21, 498, 2390). 

The absorption spectra of 1 : l-dimethyIc?/c^ohexane audits 
derivatives are expressed in Figs. 1 and 2. Reference to the ewes 
shows that the parent dione has a strong selective absorption, the 
head of the hand occurring at l/\ 3550, and persisting to a diution 
of i^/10,000. The absorption of the sodium salt is materially the 
same as that of the parent compound. The monohalogen derivatives 
also show the strong selective effect noted in the case o 
parent dione, the band having much the same persistence as th 
observed in the previous cases. The band is, however, shgW 
shifted towards the red. A similar effect has been r^cordid 
case of pyridine and the chloropyridines (Hartley, 

685; Baker and Baly, 
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T.j 1124). In these cases it is found that the normal 

effect of attaching chlorine to the ring is to increase the persistency 
of the band observed, and to shift it towards the red. The shift, 
liowever, is greater than that noted in ilie jiresent case,s, and the 
spatial position of the substituents is connected with the change in 
the absorption. 

Fia. I. 

1 ; l-Dimethylcyciohcxane-'i : dionc. 

4-Bj'omo-l : \ -diniethylcyc[ohcxant^‘i ; ^-dione. 

— — i:'A‘Dichloro-\ :\-di7nethylcyc\Qh€xanc-Zih-dione, 

4 : 4‘Dibromo-l ; 1 -dimahyhy clohexane-3 : 5-dione. 

Fig. 2. 

1 : l-Dwictbyhyclohczanr-3 : S-dio?ie (i'?i prrvcncc of NaOEt). 

i-Chloro-1 : l-dimethylcyclohexmir-3 : 5-dwnc. 

4-Chforo-i-bromO’ 1 : 1 ’dt?ncfhij/cyclo/icxanc-3 : 5-dionc, 

— 4-C/ilorO’l : l^dimctbykjclo/iexanc-S :5-dwne (m presence of 



The absorption spectra of the dihalogen derivatives of 1 : l*di- 
methylci/riohexane-3 : 5'dione are seen to differ entirely from those of 
the parent substance, the monohalogen derivatives, and the sodium 
salts. The strong selective action characteristic of these eiiolic 
compounds ^appears, and, instead, a shallow band or a region of 
rapid extension is noted, the persistence of the band extending little 

4t2 
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beyond dilutions of N /lOO. It is therefore evident that the dihalogen 
compounds differ structurally from the parent dione and the mono- 
halogen derivatives, and it seems reasonable to conclude that in 
them the enolic structure is absent : the bromoxyl structure is, 
think, therefore ruled out, and the presence of an oxygen-halogen 
linking disproved. 

Thorpe and his collaborators have for some time been engaged 
in a study of the spiVo-compounds, as an outcome of which it is hoped 
to gain an insight of the nature of valency as it occurs in carbon 
compounds. Norris and Thorpe (T., 1921, 119, 1199) prepared 
c^c/ohexane5p:rocyc?ohexane-3 : 5- dione and its halogen derivatives. 
These compounds possess the structural features of the dimethyldi- 
hydroresorcinol derivatives examined by Vorlander, and show similar 
chemical properties. The presence of an oxygen-halogen linkbg 
in these compounds has been disproved experimentally by these 
workers by preparing the same chlorobromo-derivative by the 
alternative methods of chlorinating the monobromo-compound and 
brominating the monochloro-dcrivativc. Similar proof was adduced 
in the case of the dimethyldihydrorcsorcinol derivatives. The 
examination of the absorption spectra of this series of compounds 
has afforded further proof of the absence of an oxygen-halogen 
linking, and the results are expressed in the curves shown in Fig, 3. 

It will be seen that the absorption curves of cycldhexo^ncspimydo. 
hexane compounds are practically identical with the graphs of the 
corresponding 1 : 1-dimethyIcyc/ohexane derivatives. Becker and 
Thorpe (T., 1920, 117, 1579) directed attention to the fact that 
when the normal angle between two of the valencies of a carbon 
atom is altered as a result of their inclusion in a ring, the group 
attached by means of the remaining valencies apparently take up 
altered positions in space. This effect in the compounds referred 
to above does not express itself in the absorption spectra of the sub- 
stances, and this is not unexpected in view of the fact that Drude 
Physik, 1904, [iv], 14, 677, 936) showed that the mobile particles 
which cause absorption in the visible and ultra-violet regions are 
valency electrons : absorption in the ultra-violet and visible portions 
of the spectrum is therefore a highly constitutive property, and it 
is not surprising that the factor referred to above is not of sufficient 
magnitude to manifest itself, in the spectra of the compounds. The 
additional weighting of the molecule in passing from the dimetbyidJ* 
hydroresorcinol to the 5 /wro- compound is also insufficient to cm 
any difference in the absorptive power of the substance. J 
similarity between the spectra of the parent diones and their sa , 
and of the monohalogen compounds and their 
is in agreement with the results recorded by Wright {!., > 
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069 ) on the relation between the absorptive powers of acids and 
their salts (compare also Hantzsch and Scharf, Ber.y 1913, 46 
454, 3570; Henri, Ber., 1913, 46 , 464, 3650). 


Fig. 3. 



cyc\oHexaneapivocyc\ohexane -^ : 5-(Uone. 
^cycloHexaneapixoA : i-dichloro<iyc\ohexan€-3 :5^dione. 
cyclofIexaneapiro-4 : i-dibromocyclohexane-^ : 5-dione. 
cyc[oHexanespiTocyc\ohexane-:i : 5-di(me (m presence 
NaOEt). 

cyc\oHexaneap\TQ-4~hroino<‘yc\okexan(;-'^ : S-rf/o^r. 


oj 


Fig. 4. 

N- Chloroacela n il ide. 

— Sitccirbromoimide. 

Succinckloroimide, 

- Succiniinide,* 

Chloramine T. 

p-Toluenesulphonamide 4- NaOEt, 



ome reference may be made to a point of secondary interest 
f ^ in the course of the work. It is well known that 
^ y acetoacetate and its O-ethers show no result of selective action 
is H spectra, but the metallic derivatives are character- 

W im 

■ 'W). On the other hand, the enolic forma of 1 : l-dimethyl- 
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cyc/ohexane- and cyclohe%mesj>irocycl6hexme-Z : 5-dionea and theij 
monohalogen derivatives are characterised by a strong selective 
absorption which is almost identical with the absorptions of theu 
respective sodium salts. Hantzsch (Ber., 1910, 43, 3049) made^ 
extended study of the absorption spectra of ethyl acetoacetate aa(i 
its derivatives and concluded that the deep band developed in 
presence of alkali represented the absorption of the sodium deny, 
ative. To differentiate between the structure of this compound and 
the enolio form of the ester itself he proposed a “ ring ” formnli 
(I) for the sodium derivative, and suggested that an internal salt 
was formed by the calling into play of an auxiliary valency of the 
metallic atom. If it is to be assumed that sodium has an auxiliary 
valency, it would seem illogical to refuse one to the hydrogen atom: 
and Hantzsch’s assumption in itself does not account for the 
difference between the spectra of the enolic form of ethyl acetoacetate 
and the sodium derivative. It lias been pointed out {Brannigaii, 
Macbeth, and Stewart, T., 1913, ‘103, 40G) that a distinction between 
the forms may be drawn if eorisideratioii is given to the conception 
of valency proposed by Gebhard {J . pr. (hem., 1911, [ii], 84, 561). 
According to this view, since there is very slight ionisation in the 
enolic form of ethyl acetoacetate, we are entitled to assume that the 
union between the hydrogen and oxygen atoms of the hydroxyl 
group is a strong one and there is no development of an ionised ’ 
valency : in the case of the sodium salt, which is mucli more readily 
dissociated, it is assumed that the union is weaker and the auxiliary 
or “ ionised ” valency required by Hantzsch's formula is developed. 

The diones refereed to are known to exist in the enolic form and 
behave a.s monoba.-ie acids, forming neutral sodium salts. The 
hydrogen atom of the hydroxyl group is therefore capable of pro- 
nounced ionisation, and so may develop an ionised’^ vaieiioyio 
the same xvay as the sodium atom : no difference is therefore to 
be exm^cted in the sFctra of the parent compound and its seto 
salt: It is interc.sting to note tliat the substances now discussedfal 
into line with those hitherto examined in which a strong seledirt 
action is noted, for the same lypo of six-meinbered " ring may 
written for each. 


/°\ 

C%C Na 
CH < ) 

(o 9 

OEt 

Sodivm derivatii'e of 
tlh^i acetoacduk. 


/\ 

1 

CIl 0 

\,/ 

(ti) 9 

9H2 

3 ; i-Dione compounds 
uiul their suite. 


/O 

KtO-C 
ClI 0 

(in.) V 

oEt 

Sodium 



IBB halogen atom m organic compotjnbs. part vn. 2607 

The absorption spectra of some nitrogen haloids and the corre- 
sponding parent compounds are expressed in the curves shown in 
Figs. 4 and 5. The spectra of the sulphonamides and their metallic 
derivatives are much the same, as is seen on reference to the cases 

Fig. 5. 

2~NUrotoluenc- p •aulpkowimide, 

-hNaOEt. 

Dunloramtne T. 

p-Toluenesidphonamide, 

Acetanilide.* 



* The spootrum of acetanilide is taken from Crvmble, Stewart, Wright, and 
Glendinning, T., 1911, 99, 451. 

of p-toluenesulphon amide and 2-nitrotoliicne-p-suIphonaiuide. The 
halogen derivatives show al)s<irption of iniich the same type as that 
ef the compounds from which they are derived, an increase in the 
general absorption being noted in all the cases examined. This 
olfeet is illustrated in the spectra of •acetanilide and *V*ehloroaeet- 
anilide; suecinimide, succiiichloroimide, and siiecinbromoimide ; 
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p-toluenesulphonamide, chloramine T, and dichloramine T. The 
introduction of the halogen atom into these substances appears to 
produce no radical change in the constitution of the compounds and 
therefore the reactivity is not to be explained on such grounds. 

The absorption spectra of all the types examined furnish direct 
evidence against the presence of an oxygen-halogen linking in the 
reactive halogen compounds, and the view that the labile nature of 
the halogen atom in such substances is accounted for by such a 
structure appears to be untenable. 

We wish to express our thanks to Professor A. W. Stewart and the 
Queen’s University of Belfast for access to their spectroscope, and 
to Mr. R. W. Kinkead, M.Sc., for assistance in the photographic 
work. 

Chemical Reseahch Laboratory, Chemical Labor.\toey, 

United College of St. Salvator Queen’s University of Belfast. 

AND St. Leonard, 

Uni\t:rsity of St. Andrews. [Received, Sep.emher 2,Uh, 1922 .] 


CCCXlll.-Optical Rotations of the Sugars. Part 1. 
The Aldohexoses and Aldopentoses. 

By John Gwiluam Maltby. 

The difference in the molecular rotations of the a- and p-forms of 
the aldoses is approximately constant {Hudson, J , Amer , Chem. 
Soc., 1909, 31. 66), so that on van’t Hoff’s theory of optical super- 
position group 1 has a fixed rotational value. 

H. /OH groi] 

H-C-OH' Q 2 
3 

H-6 4 

H-C'OH 5 

CHj-OH 6 

a- Glucose. — 

‘The rotation due to the combined effects of the other groups rf 
be the mean of the rotations of the a- and ^-forms, which wiU be 
called the (=t + p)/2 value. It will be shown that the diSerence 
between the (« + ?)/2 values for cpimeric aldopentosea and a «• 
hexoses, which differ only vith regard to group 2, ’ 

A method of classifying the sugars in two groups [d and i) is P 


H-C-OH 

ho-(!;-h 

I 

H'C 

H-toH 

CH,-0H 



jjALTBY : OPTICAXi ROTATIONS OF THE SUGARS, PART I. 2609 

(<* + P)/2 value. Also, by solving 
equations derived from the configurations and rotations, the rota- 
tional value of each asymmetric group is calculated. 

As the ratio of the a- and p-forms in the equilibrium mixture is 
1 ; 2, and the difference between their rotations is constant (Hudson, 


Fig. 1. 



2 ■ 


d-Hexoses, 


Z-Pentoses. 


Confi^^uration, 

2 


Configuration. 

Nome. 

5 4 3 2 

value. 

Name. 

4'^ 3 2 

Galactose . . 

... - + + - 

180 

Arabinoso ... 


Talose 

Glucose 

... - + + ■}- 

00 

120 

Ribose 

T + -i- 

Mannose 

— i-f- 

0 



Gulose 


60 

Lvxosg 

+ — 

Idoae 

... 

-GO 

Xylose 

-f~ + 


foe. cit.), the latter can be calculated from the rotation of the equili- 
brium mixture, which is the only value known in the case of some 
^gars. If these values are plotted graphically as in Fig. 1, using 
Rosanoff’s classification (J. Arner. CAcw, Sor,, 1906, 28, 114), 
it \rill be seen that the difference between the (a -f p)/2 values for 
epimeric sugars is constant, and that there is a similarity between 
peateses and hexoscs of similar configuration. The rotations can 
e ound in papers by van Eckenstein and Blanksma (Chem. 

4 T* 
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Weekm, 1908. 5, 777 ; 1909, 6, and Huds„„ 

and Yanovsky (J. Amer. Ghem. SoC.t 1917, 39, 1013). 

It will be noticed, however, that in the case ol mannose, iciosc, 
and Avlose, the «-form has been placed vertically under the p.form, 
of the other sugars. In these three cases the (a + p)/2 value is 
iero or negative, whilst in all the other eases it is positive. This 
gives a new method, dependent on the rotation, for classifying the 


Fig. 2, 



Hexosf'S. 

Configuration. 

Name. 5 4 3 2 

Galactose — -f + 

Glucose ~ 7 T T Y 

Talose ~ ~r | 

Idose 'f-' I { 

Gulose ■' ' 

Mannose 


a 4 3 
2 

value. 

180 

120 

GO 

0 


Pentoses. 

Configuration. 
Name. ^ Z 2 


Arabinose i + 

[ Ribosc + + + 

[ Lyxose 


„p„. „ .0 « .1 ““SE!: 

the chemical relations of the sugars to d-glucose, ‘ 

(J Amr. Chm. te., 1906, 28, 114) based «■' 

Luld be synthe-sised by the cyanohydrin 77, + 8)/3 

aSyde. 7f the rotation., of sugars in winch to H W 
value is po,sitivc are plotted av in Fig. 2, all the «, duilihrium, 
p values occur on the same vertical lines. 
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If the configurations of the above sugars are compared, it will bfe 
seen that all those in which group 4 is negative have the configuration 

4 3 2 

- - 

These are abnormal, as they will not form liydrazones with 
diphenylmethanedimethyl dihydrazine (VotoCck, £er., 1917, 50, 
35; Z, Zuckerind. Bohm,, 1919, 43, 574; von Braun, Ber., 1917, 
60, 42). 

Similarly, all those in which group 3 is neg^ive have the con- 
figuration 439 

+ ~ ~ 


These sugars include lyxosc and mannose, which are abnormal 
as regards their a- and P-rotations (Hudson and Yanovsky, loc. 
cit.), and these arc the only tw^o cases where there is a large 
discrepancy between the values used in the graphs above and the 
experimental values. 

It will also be noticed that mannose is the only sugar given above 
which has a negative value for the equilibrium mixture. Now 
mannose is abnormal as regards its activity to permanganate in 
alkaline and in neutral solution (Armstrong and Hilditch, T., 1920, 
117, 1088), and the fact that no p-derivatives have yet been prepared 
pure, and only one mannoheptose can be obtained by the cyano- 
hydrin synthesis. 

On equating the rotations and configurations given on the graphs 
above, and solving in the manner applied to derivatives of the 
sugar acids (Levene and Meyer, J. Biol. Chem., 1915, 23, 145; 
1916, 26, 355; 1917, 31, 623; Hiid.son, J. Amer. Chem. Soc., 1917, 
39, 462; Hudson and Komatsu, ibid., 1919, 41, 1141), the mole- 
cular rotational value of each asymmetric group is found to be as 
follows ; — 


Group ; 5 4 3 2 1 

Pentoses 60“ 60“ - 60“ ±84* 

Hexoscs -30“ ±30“ ±60“ -60“ ±84“ 


Using these values, it can be show n that allose and altrose should 
have the same rotations as mannose and glucose, respectively, 
Ihe fact that the rotations duo to groups 2 and 3 are equal and 
opposite explains Anderson’s observations {/. Amer, Chem. Soc.y 
1911, 33, 1510) that monosaccharoses containing the grouping I 


OH H 

/I » I I 
(I.) -c-c~p- 

H OH 0 


OH OH 

II n 0 


4t*2 
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(X == H or CHj'OH) are strongly dextrorotatory, and reversed 
positions of H and OH give strong Isevorotation, whilst the grouping 
II gives only weak rotations. 

Hudson and Yanovsky (loc. cit.) calculated the molecular rota, 
tional value for group 2 as —46'’. 

Anderson (J. Physical Chem.f 1916, 20, 269) has put forward 
the hypothesis that a-glucose has a butylene-oxide, and P-glucose 
a propylene-oxide, structure, and has also found a relation to exist 
between the confirmation and the rotation of the sugars. 

In conclusion, the author wishes to thank Prof. P. S. Kipping, 
F.R.S., for his interest, and the Department of Scientific and 
Industrial Research for a grant which enabled the work to be carried 
out. 

Chesiistry Department, 

University College, Nottingham. [Reedved, August I5th, 1922.] 


CCCXIV,—The System Ammonium Sulphaie-Glucimm 
Sulphate-Water at 25°. 

By Hubert Thomas Stanley Britton. 

In a previous paper (Britton and Allmand, T., 1921, 119, 1464), 
it was stated that the method of preparing glucinum sulphate by 
dissolving the hydroxide, precipitated by ammonium hydroxide, 
in sulphuric acid proved unsuccessful, as the precipitate retained 
sufficient ammonia to produce the double sulphate of glucinum 
and ammonium. After the precipitate had been dried on the 
water-bath for several days, it still retained ammonia but iu 
amount insufficient to yield the double sulphate. The crystal- 
lisation of glucinum sulphate thus depends on the character 
of the three- component system glucinum sulphate-ammonium 
sulphate-water. 

Attempts to obtain crystals of glucinum sulphate from alcoholic 
solutions, by pouring hot concentrated solutions of these precipitates 
in sulphuric acid into alcohol, failed. If solutions containing 
ammonium" sulphate were poured into alcohol, the mixed hquids 
formed two distinct layers, the lower one being somewhat ■viscous. 
From these alcohol-sulphuric acid solutions of the precipiUtes 
solid phases separated only when the solution of the precipitate 
which had been added wa» exceptionally concentrated. These 
solid phases were defiquescent and contained varying amounts o 
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the two sulphates in proportions which corresponded with no 
definite double salt. It will be observed from the data of the 
ternary system— ammonium sulphate-water-ethyl alcohol-~enu. 
merated on pages 65 and 66 of Seidell’s “ SolubiUties,” that the 
upper layer is always largely alcoholic and has a small ammonium 
sulphate content, whereas the lower layer is mainly aqueous and 
consequently has a large capacity to dissolve ammonium sulphate. 
The solubility of glucinum sulphate in alcohol is very small, but 
increases with the proportion of water intrpduced. Thus, if 
glucinum sulphate were included in the system just referred' to 
much would dissolve in the lower layer and little in the upper. In 
efiect, the lower layer would be made up of ammonium and glucinum 
sulphates, water, and alcohol in small quantity. 

This small amount of alcohol would have, in all probability, no 
other effect than to lower slightly the solubilities of the two sulphates. 
To a great extent, therefore, crystallisation from the lower layer vill 
depend on the system ammonium sulphate-glucinum sulphate- 
water. Moreover, the use of alcohol in the crystallisation of 
glucinum sulphate is deleterious when the solutions contain 
ammonium sulphate. 

The object of this work was therefore (1) to ascertain to what 
extent ammonia is retained by glucinum hydroxide, and (2) to 
investigate the ternary system ammonium sulphate-glucinum 
sulphate^water at a suitable temperature, namely, 25'^. 

E X P E R I E X T A L, 

I. InvestigcUion of Gluciuiiin Hydyoxide Precipitcitfs- 

The gelatinous glucinum hydroxide was precipitated in the cold 
from sulphuric acid and aqueous solutions of the sulphate, and 
rapidly filtered through a Buchner funnel, so that as much adhering 
motherdiqiior as possible was removed. The products were dried 
either at room temperature or on a water-bath for varying periods. 
When dry, they were amorphous and no ammonia could be detected 
hy smell. On examination, however, they were found to contain 
much ammonia, the amount of which W’as estimated. Further, it 
was found that^ the precipitates also held sulphate the molar 
proportion of which was slightly greater than that of the ammonia 
e y the respective precipitates. Hence the ammonia had been 
retained in the form of ammonium sulphate, and the slight excess of 

p ate corresponded with the glucinum sulphate which had been 
*ned down by «ie hydroxide precipitate. The Mowing two 
piodLts obt^^'^'^d typical analyses of the 
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GIO. 

H,0. 

GISO^. (NH*)iSQ4, 

Kemarka. 

100 

MU 

0043 

O-GU 

From HjSO* solution. 

Dried for fifty hours at 100® 

100 

3112 

0039 

0-444 

From HjO solution. 

Dried for ten days at 15®. 


Much of the ammonium sulphate could doubtless have been 
extracted by repeated decantation. Ibat the first sample would 
contain the larger amount of ammonium sulphate was to be expected, 
as a large quantity was formed in the mother -liquor before pre. 
cipitation commenced. In the other case, the ammonium sulphate, 
of which, it appears, a relatively large amount was adsorbed, waa 
produced by double decomposition. Again, in the former case, it 
will be observed that the effect of heating for a time at 100 was to 
drive off much of the water, which therefore appears to be mechan- 
ically held, the water retained being a little more than that required 
by the formula GKOH).^ (compare van Bcmmelen, J. yr. Ckm., 
1 882, [ii], 26 , 227 ) . Attempts were made to isolate such a substaiice 
from the gelatinous precipitate. It was found that if the dried 
glucinum hydroxide precipitate were finely ground and boiled 
with a large quantity of water, the adsorbed ammonium sulphate 
could be easily and completely extracted, together with a little 
of the glucinum sulphate. The following is a typical analysis of a 
precipitate, so treated, and dried for a day on a water-bath : 

1 mol. GIO : M 7 mols. H^O : 0-019 mol. GISO 4 . 

After drying at room temperature for six weeks, the water content 
feU to 1*11 mols. It was exceedingly difficult to wash out the last 
traces of glucinum sulphate. Attempts to obtain glucinum 
hydroxide, agreeing exactly with the formula, by continued 
heating at 100 " were unsuccessful. 


II. Isolherm at 2o" of the System Ammoniim Sulphatc-Glmmn 
Sulphate-Water. 

The method adopted was that already described {loc at. ]■ The 
eutectic points were obtained by making solutions o 
sulphate and ammonium sulphate, in proportions 'vh-d* ^ 
ascertained approximately from the phase 
them with the appropriate solid phases until equil bnum “ 
attained. The glucina and sulphate were estimated by sM 
methods. The amounts of ammonia calculated from t ese 

were checked by the distillation method. 

The table gives the composition of the various 
their respective “ rests ” in grams pet 100 grams. 
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Liquid phases. 


“ Rests.” 


Solid phases. 

GlSOi- 

29-94 

28-J59 

27-20 

26-08 

20-79 

(NHJiSe* 

. H,0. 

01 SO*. 


. H,0. 


0 

70-06 

59-35 

0 

40-65 

G1R0*,4H20. 

5-77 

05-67 

5M6 

1-37 

47-47 

15- 00 

57-08 

52-18 

3-07 

44-75 


24-99 

48-33 

40-90 

9-12 

43-98 


28:09 

4512 

“ 


■ 

GlSOj, 411.0 and 
aiSO,.(NU*).S 04 . 2 H„O. 

24-04 

32-20 

43-76 

33-64 

42-84 

23-52 

GlSO*,(NH*),Sb^, 21120. 

22-08 

34-2C 

43-06 

32-83 

42-93 

24-24 

19 72 

37-56 

42-72 



— 

GlS 0 *,{NHd 2 S 04 , 211,0 
and (NH.LsO,. 

16-04 

35-88 

48-08 

7-59 

71-09 

21-32 

(NHd^SO,. 

8-62 

38-60 

52-78 

2-82 

82-20 

14-89 

0 

43-45 

56-55 

— 

— 

— 



As tliese solubilities arc comparatively large, tlie isotherm can 
lie represented conveniently on the ordinary triangular scale. 


Fic. ]. 


\0 



It will be noticed that the field of the double salt is quite small 
and that the point of intersection of its t ie dines indicates the 
constitution of the double salt as being G1S04,(N 114)2804,21120. 

By referring to the composition of the dried glucinum hydroxide 
precipitates given in the table, it will be seen that supersaturated 
solutions of these precipitates in sulphuric acid, on attaining 
equilibrium at room temperature, will deposit crystals of glucinum 
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sulphate tetrahydrl^te, and if the degree of eupersaturation • 
sufficiently high both the tetrahydrate and the double sulphate ifij| 
separate. It is evident that the solid phases deposited from the 
alcoholic solutions must have been glucinum sulphate tetrahydrate 
and the double salt due to the exceptionally high concentrations 
of the solutions which had to be employed. In conclusion, it ^ 
advisable that the greater part of the ammonia should be removed 
from the glucinum hydroxide precipitate before proceeding \pith 
the preparation of glucinum sulphate ; otherwise the double salt 
and glucinum sulphate tetrahydrate together, or the double salt 
alone, may separate, as was found to be the case in several instances 

The author wishes to record his thanks to the Chemical Society 
for a grant from its Research Fund, 

King’s College, 

University of London. [Rtedvedy October Indy 1922 ] 


GCGXY Orientation of the 1 : 4- and 1 : ^-Dimethyl 
glyoxalines. Mode of Fission of ^-Aminoglyoxalines, 

By Frank Lee Pyman. 

Some j^ars ago, it was shown (T,, 1910, 97, 1814) that 4-raethyl- 
glyox aline, which can also react as the 5- isomer ide owing to virtual 
tautomerism, gave on m ethylation a mixture of the 1 : 4- and 1 : 5- 
dimethylglyoxalines (I and II) represented by oils which distilled 
at 198—199° and 224—225°. 


(I.) 




CMe- 


CMe-NMc 
CH N 


>CH 


(Ii.) 


No conclusive evidence was produced at that time to show which 
of the two liquids was the 1 : 4- and which the 1 : odsomeride, but 
it was suggested that the base of io\ver boiling point was the 1 :4- 
isomeride, since its dibromo- derivative was found, by a simple 
distribution method, to be more strongly basic than that of the base 
of higher boiling point , and it was thought that 2 : 5- dibromo- 1 : 4- 
dimethylglyoxaline (III) would be a stronger base than 2:4-di- 
bromo-1 ; 5-dimethylglyoxaline (IV). 


(III.) 


CBr*Nl\Ie 
CMe— N 


>CB 


r 


C e*NMe 
CBi N 


>CBr 


(IV.) 


The present investigation was undertaken with the object of 
determining definitely the orientation of these two dimethylglyoX' 
alines. This is important from two points of view, First, because 
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it has been shown (T., 1910, 97, 1814) that the base of higher 
boiling point is identical with the dimethylglyoxaline isolated by 
Jowett (T., 1903, 83, 438) from the products of distillation of iso- 
pilocarpine with sodadime, and its orientation consequently forms 
a step in determining the constitution of pilocarpine. Secondly, 
because a study of suitable derivatives of A^-methylglyoxaline, 
such as these two bases, will bring to light the properties of sub- 
stituents in both the 4- and 5-positions of the glyoxaline nucleus, 
whereas similar study of glyoxalines containing a free imino-group 
furnishes information which may refer to either the 4- or opposition 
owing to the operation of virtual tautomerism. 

The method adopted was an examination of the reduction 
products of the nitro-derivatives of the two isomerides, following 
closely the procedure of Fargher (T., 1920, 117, 668), who showed 
that the reduction of 5 (or 4)-nitro-4(or 5)-methylglyoxaline (V) by 
means of cold stannous chloride gave a small quantity of 5(or 4)- 
ammo-4(or 5)-met%lglyoxaline (VI) together with rfhalanine (VIII) 
and ammonia, a glyoxalone (VII) being assumed to be an inter- 
mediate product of the fission. 


CMe’N 

(V.) 


OT,.C-NH 

(VI.) 


-NH. 


CO 

(VII.) 


It was clear that a successful degradation of o-nitro-1 : 4-dimethyl- 
glyoxaline by these means should lead ultimately to the formation ' 
of dhalanine, ammonia, metliylamine, and formic acid, w^hereas 
4-nitro-l ; 5-dimetliylgIyoxaline should yield d?-.V-mcthylalanine, 
ammonia (2 mols.), and formic acid. The results of the experiments 
have justified the view expressed previously with regard to the 
constitution of the dimcthylglyoxalincs, for it has been found 
that reduction of the nitro -derivative of the dimethylglyoxaline of 
lower boiling point gave amongst other products d/-alanine, whereas 
similar treatment of the nitro -derivative of the dimethylglyoxaline 
of higher boiling point gave d/-A’-iuethylalanine, Both 1:4- and 
1 : 5-diniethylglyoxaline.s arc readily nitrated, and since their nitro- 
derivatives can also be prepared simultaneously by the inethylation 
of 5(or 4)-nitro-4(or 5)-methylglyoxalinc (V), they are o-nilro-l : 4- 
dimthylglyoxalinef (IX) and 4-nitro-l : 5-dimethylgIyoxalme (X), 
respectively, the latter being identical with the “ nitro- x-X-di- 
niethyliraidazol '' obtained by Windaiis {Ber., 1909, 42, 758) by 
nitrating the mixed dimethylglyoxalines. 

CMe’XMe., 


(IX.) 


NO,C-NMe 


N0,-C- 




>CH (X.) 
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The yields of the two methyl derivatives obtained by methyl 
ation of 5(or 4)-nitro-4(or 5)-methylglyoxaline differ widely, 
in the proportion of 233 : 1, whereas on methylating 4(or r))-niethvb 
glyoxaline (T., 1910, 97, 1814) the proportions of the 1 : 4- and 1 
dimethylglyoxalines, isolated in a pure state, were as 2'2 : 1, and oQ 
methylating 4(or 5)-cyanomethylglyoxaline (T., 1911, 99, 2i7o)the 
proportions of the 1 : 4- and 1 : 5-methyl derivatives,* isolated in a 
pure state, were as 2-9 ; 1. The results show that glyoxalinea 
capable of virtual tautouicrism react as mixtures of the two taiite. 
meric forms, not necessarily in equal parts, but in proportions which 
differ from substance to substance, and they suggest that the 
polarity of the substituent groups determines the condition nf 
equilibrium. Assuming that a compound capable of virtual 
tautomerism would react preferentially in the form of greater 
homogeneous polarity (Lapworth, Mem. Manckoster Phil, Soc. 
1920, 64, ii, 1), 4(or 5)-methylglyoxa]ine would react pre' 
forentially as A or B according to whether the Negative polar effect 
of the tertiary nitrogen atom surpassed that of the imino-grmtp or 
the reverse. 


Cli-NH 

HjC-C N 

+ - + 


Cli 


(A.) 


HaC-C-NH 


(B.) 



“ + - 


(C.) 


Clearly, the introduction of the strongly polar nitro-group into the 
ortho-position to the methyl group as in C should gn^atly enhance 
the effect of the methyl group. 

It would appear from the above considerations that the glTOxaliiie 
ring may bo usefully employed for comparing the polarities of 
substituents introduced into the 4- and 5 -positions, and it is the 
author’s intention to study for this purpose the methylation of a 
number of derivatives of glyoxaline. 

Although the results of methylation show that those glyoxalines 
react preferably in one of the two possible tautomeric form.s, it is 
not possible to identify the particular form until the mechanism 
of the alkylation of glyoxalines is known. 

If the alkylatirm is simi)ly the re])laccment of the imino-hydrogen 
atom by the methyl group, then since 5-nitro-l : 4-climpthyIglyax- 
aline is formed preferentially, tlio parent compound is reacting 
mainly as 5- nitro- 4 -methyl glyoxaline. 

* The constitutions of these bases and also of the methylated amffio 
ethylglyoxalincs and glyoxalineacelic acids described in the same 
follow from the determination of the constitutions of the 1 ; 4- and 1 1 • ' 
j^tbylgly 0 xalines. 
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NO^-C-NH 

CMe-N 


>CH 


No,/C-mre. 

&Ie.N>CH 


On the other harld, it is known tliat the combination of A'^-alkyb 
glyoxalines with alkyl salts results in the attachment of the latter 
to the tertiary nitrogen atom (Pinner and Scliwarz, TJer., 1902, 35, 
2441 ), for example, iV'-methylglyoxalino combines with amyl 
bromide to give a quaternary salt of the formula 


CH NMe. 

CH-NBr(C,Hii)^ 


and it appears probable that the alkylation of glyoxalines takes a 
similar course, the alkyl salt attaching itself to the basic tertiary 
nitrogen atom. In this case, since 5-nitro-l : 4-dimcthy]g]yoxaline 
is formed preferentially, the parent compound is reacting mainly 
as 4'nitro-5-methylglyoxaline (XI). 


NOs-C 

I XI.) CMe*NH'^ 


CH -> 


SO, Me 

NO,.C~NMe 


NO»’C-NMe 

* I » 

CMo-N 


>CH 


Reduction of 5-nitro-l : 4-dimethylgIyoxalinc led to a mixture 
from which, besides (f/-alauine, ammonia, and methylamine, 5- 
amino-l : i-dimethylgUjoxaltne (XII) and dl-alanine'^-methyl- 
amidine (XIII) were isolated. The constitution of tlie latter was 


{XII. ) 


XH,.C-NMe 


NH/C:XMe 

‘cHMe‘XH, 


(XIII.) 


proved by hydrolysis by means of alkali, when dZ-alanino, ammonia, 
and methylamine were produced in nearly the theoretical quantities. 

The isolation of df-alaniiie-A'-metliylaiuidine is important, for 
it shows that in this case at least the mechanism of the degradation 
of the amino-glyoxaline to the amino -acid is due, not to the inter- 
mediate formation of a glyoxalone, but to the elimination of the 
carbon atom in the 2 -posit ion by hydrolysis, presumably as formic 
acid, and therefore resembles the well-known fission of glyoxaline 
and4(or 5)-alkylglyoxalines on treatment with benzoyl chloride and 
aqueous sodium hydroxide, which leads in the case of glyoxaline 
itself, for example, to dibcnzoyidiaminoethylenc and formic acid 
(Bamberger and Berle, Ber., 1892, 25, 278; Gerngross, Ber., 1913, 
46, 1913). 


^™>CH 


CH' 


CH‘NH*COPh 

CH-XH*C0Ph 


{- H*C02H. 


In both reactions, the fission of the rkig takes place when a negative 
substituent (ulkyl, amino) ia present in the 4(01" fij-position, and 
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this fact may be contrasted with a considerable amount of evidence 
that a positive group in the same position protects the ring fron^ 
fission. Thus, 4*nitroglyoxaiine (Windaus, Ber,, 1909, 42, 75^1 
glyoxaIine4-formaldehyde, methyl glyoxaline-4-carboxylate, and 
gIyoxaline-4-carboxyanilide (Windaus, Dorries, and Jensen, Ber 
1921, 54, [B], 2745) and also derivatives of glyoxaline containing 
a free carboxyl group in the 4 -side chain (Windaus, Ber., 19lo 43 
499) are unattached by benzo}^ chloride and sodium hydroxide' 
whilst 4-phcnyl- and 4-o- and p-nitrophcnyl-glyoxalines (Grant and 
Pyman, T., 1921, 119, 1893) resemble naphthiminazole (0. Fischer 
Ber., 1901, 34 , 930) in yielding normal A'-benzoylglyoxalines! 
Possibly the failure of iY-phenyliininobis4 : 5-dimethylglyoxaline 
and 4-methyl-5-aniUnomethyIgIyoxaIine (XIV) (Gerngross, B?.t 
1919, 52, [B], 2304) to undergo fission or even benzoylation (except 
as regards the imino-group in the side chain of the latter compound) 
under the same conditions may be attributed to the positive polarity 
of the carbon atom attached to the nucleus induced by the neigh- 
bouring anilino-group. 


PhNH*CH,-P 


NH. 


(XIV.) 


^ HO.C^CHMe-NHMe 


(XV.) 


(XVI.) 


Reduction of 4-nitro-l : 5-dimcthylglyoxaline gave a mixture 
from which 4-amino - 1 : 5-dimethylglyoxaline (XV), df-V-metbyl- 
alanine (XVI), and ammonia were isolated. 

The quantities of the two aminodirnethylglyoxalines isolated 
were very small, but sufficient to show that the ami no -group in 
both the 4 - and 5 -positioiis has aromatic character, since both 
amines after diazotisation gave solutions which coupled with sodium 
ft-naphthoxide, but gave no marked coloration with sodium hydr- 
oxide. In this respect their behaviour differs from that of 2-amino- 
glyoxaline (Pyman and L. B. Timmis, J. Sor. Dyers and Col, 1922, 
38 , 269). It is remarkable that both the aminodimetliylglyoxaliiics 
arc monacidic bases, for the corresponding secondary base, 4 (or 5)- 
amino- 5 (or 4 )-metliyIglyoxaline is diacid ic (Fargher, loc. cit.), 
whereas Y-methylglyoxaline is a stronger base than glyoxaline 
(Dedichen, Ber., 1906, 39 , 1831). 


Experimental. 

1 : 4- and 1 : ^-DimeihyUjlyoxalines. 

Tliese bases were previously prepared (T., 1910, 97, 1814) by 
methylating 4 -methylglyoxalinb by means of methyl sulphate iu 
alkaline solution, the 4 -methylglyosaline being prepared by Windam 



1 : 4- AND 1 : 5-dimethylglyoxalines. 2621 

and Knoop’s method (Ber,j 1905, 38, 1166). Their preparation is 
greatly facilitated by modifying the processes in certain respects. 
4 .Methy)glyoxaline is readily isolated in a pure state from the syrup, 
obtained by decomposing the crude zinc salt with hydrogen sulphide 
and evaporating the solution (Windaus and Knoop, loc. cit.), by 
adding anhydrous potassium carbonate, extracting with chloroform, 
and distilling the chloroform residue under diminished pressure. 

The methylation of 4-methylglyoxaline is conveniently effected 
by dissolving the base in two parts of benzene, and adding methyl 
iodide (1 mol.). The solution gradually becomes W'arm and turbid, 
and is cooled slightly when necessary to prevent ebullition. When 
the vigour of the reaction has diminished, the product is heated for 
half an hour on the water-bath under reflux, and then the benzene 
is distilled off. The residue is dissolved in water, and the solution 
saturated with potassium carbonate and extracted with chloroform. 
The chloroform residue from 150 grams of 4-methylgIyoxaline 
amounted to 100 grams, and on fractionation twice under normal 
pressure, using a 20-bulb rod and disk column, gave two main 
fractions, namely, 39 grams of 1 4-diniethylglyoxalinc boiling at 
198—200'', and 17 grams of the 1 : 5-isomeride boiling at 220— 223'", 
besides 31 grams of fractions of intermediate boiling point. The 
principal fractions were converted into the nitrates, and crystallised 
from water, in w^hich they arc very easily soluble, w^hen 1 : 4-di- 
melkylglyoxaline nitrate formed long needles, w'hich melted at 103— 
M'’ (corr.), and 1 : “>dimethylglyoxaline nitreUe formed large prisms, 
which melted at 128 — 129'^ (corr.). 

The N iirodimctkylglyoxaUnes. 

A. Preparation by Nitration of the Bmethylglyoxalines. —The 
nitrates of the dimethylglyoxalines were added gradually to con- 
centrated sulphuric acid (2 c.c. to each gram), cooling slightly with 
water, and subsequently heating the solution for two hours on the 
water- bath. On diluting the solutions with water, and adding 
excess of sodium hydroxide, the product from the nitration of 1 : 5- 
dimetliylglyoxaline gave a crystalline precipitate of the pure nitro- 
compound, melting at 160— 161^ in a yield amounting to 83 per 
cent, of the theoretical, w hilst the product from tlie nitration of 
the 1 : 4-i8omeridc, which gave an oil, was extracted with chloro- 
form. On removing the solvent, Jiearly pure nitro-1 : 4-dimethyl- 
gyoxaline w'as obtained, in almost theoretical yield, as an oil w'hich 
solidified on cooling. 

Preparation by the Methykthn of o~N ifroA‘7n€thylglyoxalinc. 
mixture of 20 grams of o-nitro-b-methylglyoxaline and 15 c.c. 

methyl sulphate w'as heated for one hour in boiling water. The 
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product was dissolved in water, basified with sodium hydroxide 
and extracted completely with chloroform. The alkaline sohtioil 
gave on neutralisation 1’2 grams of unchanged material, meltinff 
at 248®. The chloroform residue was added to a solution of 24 
grams of picric acid in 800 c.c. of hot water, when 36*0 grams of 
pure 5-nitro-l : 4-dimethylglyoxaline picratc separated, melting at 
176® (corr.), alone or mixed with the picrate of the nitration product 
of 1 : 4-dunethylglyoxalme. The mother-liquor was evaporated to 
low bulk, mixed with hydrochloric acid, and extracted with ether 
to remove picric acid. The aqueous solution was evaporated to 
dryness in a vacuum and moistened wdth water, when 0*03 gram of 
4-nitro-l : 5-dim ethylglyoxaline, melting at 158—159®, separated. 
The filtrate was basified with sodium hydroxide and extracted with 
chloroform, which removed O' 2 gram of oil; this, after being 
moistened with water, deposited a further quantity of 0*03 gram 
also melting at 158— 159®. The total amount, 0'06 gram, waa 
recrystallLsed from w^ater, using charcoal, and gave pure 4-nitro- 
1 : 5-dimethylglyoxaIine, melting at 160—161® (corr.), alone and 
mixed with the nitration product of 1 : 5'dimethylglyoxaline. The 
yields of the two methyl derivatives are 67 '5 and 0*29 per cent, of 
the theoretical, respectively, allowing for the unchanged material. 

Cy-NitroA :4-di7netkylghjocraline crystallises from ether in long, 
colourless, prismatic needles wiiich melt at 57 — 58® (corr,). It is 
easily soluble in water, giving a solution alkaline to litmus. It is 
easily soluble in alcohol, ether, chloroform, or benzene, but very 
sparingly soluble in light petroleum. It boils at 155®/10 mm., but 
undergoes slight decomposition when distilled under normal 
pressure (Found: C — 42'2, 42’.5; H = 5*0, 5'0; N=:30‘0. 
C 5 H 7 O 2 N 3 requires C -= 42’6; H = 5*0; N = 29'8 per cent.). 

The picraie crystallises from water in stout, yellow needles which 
melt at 176® (corr,). It is sparingly soluble in hot and very sparingly 
soluble in cold w*ater (approximately I in 1000 ). 

4 -Nitro-l : 5 -dim ethylglyoxaline crystallises from water in long, 
colourless needles, which melt at 100 — 161° (corr.), and is thus 
identical with the “ nitro-aiV-dimethylimidazor’ of Windaus (he. 
cit.). It is someAvhat sparingly soluble in cold w^atcr, or cold organic 
solvents. The picratc crystallises from water in large, pale yellow 
prisms, which soften at 66 ® and melt at 66 — 69® (corr.) to a turbid 
liquid. It is somewhat sparingly soluble in cold water (approxi- 
matdy 1 in 50). 

Reduction of 5 - 2 ^'i 7 ro-l : 4 -f/i'mrf A Fourteen p-ams 
of the nitro'couqwund, melting at 57—58®, were dissolved in B c.c. 
of concentrated hydrochloric "acid, and to the solution C 8 grams 0 
hydrated stannous chloride, dissolved in 150 c.c. of coiicentratea 
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hydrochloric acid, were added in the course of half an hour at 10°. 
The mixture was kept over-night, and fdtered frtjin a crystaUine 
stannicliloride, the filtrate being then treated with 30 grams of tin 
foil and evaporated to dryness. Both the crystalline tin salt and 
the residue were deprived of tin by hydrogen sulphide, and gave 
11-0 and 5'5 grams of nearly colourless, amorphous hydrochlorides. 
The two fractions were mixtures containing largely the same 
constituents and were therefore combined. The residue, after 
extraction with alcohol, when 0*5 gram of ammonium chloride 
separated, and removal of the solvent, was added to a solution of 
25 grams of picric acid in 2 litres of water, when on cooling and on 
concentration various deposits of picrates, at first amorpiiou.s and 
later crystalline, were obtained (mother-liquor from deposition of 
picrates, M). The amorphous picrates became partly crystalline 
on warming with alcohol, and the total crystalline material was 
subjected to a prolonged fractional crystallisation from water, 
when eventually 2*7 grams of 5-amino- 1 : 4-dimelhylglyoxaline 
picrate and 3‘0 grams of d^-alaninc-.Y-mcthylamidine dipicratc 
were isolated in a pure state. The mot her -liquor M was extracted 
with ether to remove picric acid, evaporated to dryness, and 
extracted with alcohol, w^hen 0 7 gram of ammonium chloride 
separated, the filtrate leaving 3*3 grams of syrupy residue. This 
was mixed with an excess of aqueous sodium hydroxide, and the 
volatile amines were distilled into hydrochloric acid. The distillate 
was evaporated and gave 1-3 grams of crystalline hydrochloride, 
of which 0-25 gram was insoluble in absolute alcohol, whilst the 
residue, after drying at 100°, was found to contain 54*4 per cent, of 
chlorine and consisted chiefly of methylaminc hydrochloride 
(CH 5 ^tCl requires Cl ~ 52‘5 per cent.). The alkaline solution was 
acidified with hydrochloric acid, evaporated to dryness, and ex- 
tracted with alcohol, which removed T7 grams of syrupy h^’dro- 
chlorides. After removing chlorine by silver carbonate and excess 
of silver by means of hydrogen sulphide, the product gave 0*3 gram 
of crude d^-alanine, which melted at 280° and after two crystallis- 
ations from water melted at 290° (corr.), alone or mixed with a 
pTithetic specimen, kindly given to the author by Dr. T. A. Henry, 
Director of the Wellcome Chemical Research Laboratories. 

^l-Ahnine-'N-mdhylamidine dipicraie crystallises from water in 
ye o\v, elongated plates which melt and decompose at 200° (corr.). 

IS moderately easily soluble in liot water, but very sparingly 
soluble (about 1 in 625 parts) in cold water. It decomposes suddenly 
J' lui heated above its melting point and ])ro\ cd to be imsui table 
01 conibuBtion. Wlieii treated with hydrochloric acid and extracted 
^vitli ether, it gave 80-3 per oeut. of picric acid ; C 4 HiiN 3 ,(C 6 H 307 N 3)3 
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requires picric acid = 81'9 per cent. The dihydrochloride waa 
prepared from the picrate by treatment with hydrochloric acid and 
ether. It crystallises from water in large, colourless prisms which 
melt at 242° (corr.) after sintering earlier. It is anhydrous and 
easily soluble in water, giving a solution strongly acid to litrnng 
but almost insoluble in absolute alcohol (Found : C = 27'7 ; H = 7*5; 
N = 24-0. C4HiiN3,2HC1 requires C — 27-6; H = 7*5; N = 241 
per cent.). 

0-6 Gram of the dihydrochloridc was boiled with an excess of. 
aqueous barium hydroxide and the volatile amines were collected 
in aqueous hydrochloric acid. This on evaporation gave 0-40 gram 
of crystalline hydrochlorides, containing Cl = 57-8 per cent., the 
calculated yield of a mixture of methylamine hydrochloride and 
ammonium chloride in equimolecular proportions being 0*41 gram 
containing Cl = 58-6 per cent. The mixture was partly soluble 
in absolute alcohol, and the soluble portion was converted into the 
platinichloride in two fractions which were found to contain Pt == 
42*2 and 41*8 per cent., respectively : (NH 2 Me) 2 ,H 2 ptClg requires 
Pt — 41*3 per cent. 

The non-volatile fraction from the distillation was deprived of 
barium by the exact quantity of sulphuric acid and evaporated to 
dryness, when 0-42 gram (calc., 0*433 gram) of d/-alanine hydro- 
chloride remained. This was deprived of chlorine by treatment 
in aqueous solution with silver carbonate, freed from traces of silver 
by means of hydrogen sulphide, and evaporated to low hulk, when 
di-alaninc separated in colourless prisms which melted at 286° (corr.), 
a specimen of the synthetic acid and a mixture of the two melting 
at 287*5° (corr.) in the same bath. The identity of the acid was 
also confirmed by analysis (Found : in substance dried at 100 , 
C = 40*4 ; H = 7-95. Calc., C - 40*4 ; H = 7*9 per cent.). 

Reduction of i-yUro-l : 64imethijlglyozalive.~-Vomteei\ grams 
of the nit ro- compound, melting at 160 — 161°, were reduced under 
the same conditions as the isomeride, and worked up in the same 
way, except that no crystalline stannichloride separated m this 
case. There were thus obtained in a pure state 3*0 grains of 4-nitro- 

1 ; 5-dimethylglyoxaline picrate, the mother-liquor from this jnelding 

small quantities of other crystalline picrates, which were not 
obtained in a pure state, 3*4 grams of ammonium chloride, and 
0-4 gram of rff-.V-methylalanine. After recrystallisation fro® 
either water or strong alcohol, this substance formed pnsms con- 
taining m.O, and on heating softened and sublimed from abou 
295° and effervesced, apparently being distilled, at 30^ 
(Found : loss at 120° 7‘8» 8’2. Calc., for oss ^ 

Found, in anhydrous acid : C = 46-0; H — 8*6; 
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Calc., 0 — 46*6; H = 8’7; N = 13-6 per cent.). It was easily 
soluble in water or hot alcohol. Its properties thus agree with the 
description of this acid given by Gansser {Z. physiol Chem., 1909, 

61, 16)* , . 

The Aminodimeihylglyoxalmes. 

5 .Amino-l : 4-dim£thy!glyoxaJine picrate crystallises from water 
in long, stout, orange needles which darken from about 200 ® and 
melt and decompose at 209® (corr.). It is anhydrous and very 
sparingly soluble in cold water (Found: 0 = 38-5; H = 3 - 7 ; 
N-24‘6. Tequlrcs C = 38-8; H = 3-5; N = 

24-7 per cent.). 

The hydrochloride was obtained by decomposing the picrate with 
hydrochloric acid and ether, when picric acid was recovered in the 
calculated yield. It crystallises from alcohol in greyish -white, 
prismatic needles, which darken from about 210 ® and melt to a dark 
red liquid at 253® (corr.) (Found, in substance dried in a vacuum 
over H 2 SO 4 : C = 40*5 ; H = 6-7 ; N = 28-7 ; Cl = 24-2. 
C 5 H 9 N 3 ,HC 1 requires C = 40-7 ; H = 6 - 8 ; N = 28-5 ; Cl ^ 24-1 

percent.). 

This salt dissolves in 20 per cent, aqueous sodium hydroxide, 
giving a clear solution which quickly deposits colourless plates 
melting at about 155®. This substance— presumably the corre- 
sponding base— is easily soluble in water, or alcohol, but sparingly 
soluble in ether. It crystallises from alcohol in diamond -shaped 
plates, which melt at 160°. 

iAminoA : Mimetkylghjoxaline picrate crystallises from w^ater 
in brownish-yellow plates which darken from about 180® and melt 
and decompose at 220® (corr.). It is anhydrous and very sparingly 
soluble in cold water (Found : C = 3 S- 6 ; H ^ 3 - 6 ; N = 25-3. 
C.>iH 5 N 3 ,CgH 307 lsr 3 require.? C = 38-8 ; H — 3-5 ; N = 24-7 per 
cent.). 

The hydrochloride w-as obtained by decomposing the picrate 
with hydrochloric acid and ether, when picric acid was recovered 
in the calculated yield. It crystallises from absolute alcohol in 
greyish- white spikes, which darken from about 195® and melt at 
225 (corr.) (Found, in substance dried in a vacuum over H 2 SO 4 : 
C = 404 ; H = 6-7 ; N = 28-6 ; Cl = 24-3. CjHsNa.HCl requires 
C = 40-7; H = 6-8; N = 28-5; Cl = 24-1 per cent.). This 
sa t dissolves in 20 per cent, aqueous sodium hydroxide, giving a 
c ear solution which slowly deposits small prisms, which melt at 
a out 85 and probably represent the corresponding base. 

The hydrochlorides of 5-amino- 1 : 4-dimcthylglyoxaline (A) and 
■anaino- 1 : 5-dimethylgIyoxaIine (B) are readily soluble in w'ater, 
giving solutions neutral to litmus, fairly readily soluble in hot, but 
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.sparingly soluble in cold absolute alcohol. After treatment vnth 
hydrochloric acid and sodium nitrite, both amines give colourles 
solutions which yield with sodium hydroxide only faintly 
solutions, but give on addition to aqueous sodium P-naphtlioxide 
as to A a clear cherry-rcd solution, and as to B a sparingly solut] 
orange dye. On treatment with aqueous sodium acetate and 
benzaldchydc, B gives a crystalline benzylidene derivative, 

A apparently also forms a benzylidene derivative, although this 
did not crystallise. Hot (but not cold) ammoniacal silver nitrate 
is reduced by both amines. Neither amine gives a coloration with 
cold ferric chloride, but on warming the solutions A turns yellow 
and B shows no change. On adding aqueous sodium hydroxide to 
solutions of the amines containing sodium nitroprusside, A gives an 
immediate brownish -yellow colour, whilst B gradually develops a 
lemon -yellow colour. 

The author is indebted to Mr. L E, Balaban, M.Sc.Tech., for 
carrying out tlie anal3^ses recorded in this paper. 

Cor.r.ECF; of Technot.ouy, 

Um\ Of Mancuestek. [Recf ived, Ovtultr 


C(X'X\l.—Bromo-deri vat ires of 2 - MethjJghjoxnlhie, 
By Lot' IS Light and Fkank Lkk Pv.max. 

The bromination (if 2-nieihylglyoxalinc has been studied previously 
by liadziszewski [Ber., 1882, 15, 2707), wlio isolated a product 
which he regarded as tribroino-2-methylglyoxalinp. Tliis is now 
show n to be Uie hjBrobromide of 4 ; 

(1). On reducing this base with aqueous sodiuiu sulphite in excess, 
4-brcmo^'2~vict!ujl(jhjox(dine (If) results, and this yields on nitration 
4-bromo-^)-nitro-2-metki/ljl}jo.mline (10), and on suljhunalloii 
4-hroin<h2-7n((hi/hjJgf}xalinc~^)'Sulphonic ockl 


CBrNH^ „ riLNH. 

CBr— 


XO/C-XII 




(I) 


CBi-X 

(IF.) \ (HI.) 


The beliaviour of the mono- and di-broino-derivatives 
glvoxalinc is thus similar t^>thatof 4-bromo- and 4 . i^***'^ 
glyoxalines (Ihiluhaji and Pyman, this vol.j p. 947). 
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Experimental, 

4 : 5-Dibro7no-2-methylglyomline, 

Ten 2-ni6thylgIyoxaliiie in 60 c.c. of chloroform were 

treated with a solution of 40 grama of bromine in chloroform at 
^5'^ to 0°. The product was distilled with steam to remove chloro- 
form and excess of bromine, and the resulting aqueous solution was 
kept, when 9*7 grams of dibromo-2-methylglyoxaiine hydrobromide 
separated. On concentration, a further quantity of 1 -4 grams of the 
same salt separated, the two crops yielding 7*7 grams of the base 
on treatment with hot water and a limited quantity of sodium 
carbonate ; the yield is thus 26 per cent, of the theoretical. 

The mother-liquors on distillation with sodium carbonate gave 
ammonia in a yield of 22 per cent, of the theoretical, but apart 
from a little oxalic acid and a trace of unchanged 2-methylglyoxaline, 
no crystalline by-products of the reaction could be isolated. 

4 : 5-Dibronio-2-7nelhylghjoxaUne crystallises from 40 per cent, 
aqueous alcohol in long, silky needles, which sinter and darken at 
about 2116° and melt at 239 — 240° (coir.) to a dark brown liquid 
(Found : C = 20-1 ■ II - 1-9; N - IbS; Br - CO-0. 
requires C " 20-0; li = 1*7 ; N — 11*7 ; Br ~ GC-G per cent.). 

It is soluble in about 350 parts of boiling water, almost insoluble 
in cold water, giving a solution neutral to litiuu.s, easily soluble 
in alcohol, acetone, ethyl acetate, or glacial acetic acid, fairly easily 
soluble in ether, but very sparingly soluble in chloroform, benzene, 
or light i)etroleum. It is soluble in cold aqueous sodium hydroxide 
or strong aqueou.s ammonia, but not in aqueous sodium carbonate. 

The hydrochloride and liydrohro)iiide were obtained by dissolving 
the base in warm 5A^-solutions of the corresponding acids, and allow’- 
ing the solutions to cool, when they separated in irregular, j^rismatic 
needles, which charred at about 255° and 280°, respectively. 
Both salts dissociate on the addition of water, giving the base. 

MdzuztwsH's “ Trihromo-2-m€ihjhglifoxalin€y—-'^y the action of 
bromine on 2-methylglyoxalinc in aqueous solution, Radziszewski 
(/oc. ciV.) obtained a white precipitate, which crystallised well from 
alcohol, melted at 258°, and contained Br ^ 74*9 per cent. He 
regarded this compound as tribromo-2-methylglyoxaline, which 
requires Br = 75*2 per cent., but repetition of his experiment has 
shown that this product is 4 : 5-dibroino-2-incthylglyoxaline hydro- 
bromide, which requires Br 74*S per cent., for it had no definite 
melting point, but charred at about 280°, and was dissociated on 
the addition of water, giving the base 4 : 5-dibromo-2-mcthyI- 
glyoxaline, which melted at 239— 24p° (corr.), alone or mixed with 
the substance prepared as described above, 
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■ Another trihroino-2-alkylglyoxaline is described by RadziszewsV' 
and Szul {Ber., 1884, 17 , 1291), who record the formation of di, 
tri-bromo-derivatives by the bromination of 2-i5obutylglyoxaijjjg, 
their description of the tribromo-derivative, however, makes 
quite clear that this is the hydrobromide of the dibromo-compoujjj 
4 ; 5-dibromo*2-fsobutyIgIyoxaline. 

Kedudion of 4 : b-Dibromo-^-methylglyoxalim by Sodium Sulphii^ 
— When the dibromo- compound is boiled with 20 per cent, aqueous 
sodium sulphite, it is reduced to 4-bromo-2-methylglyoxaline^ 
no by-product of the reaction has been observed. When one 
molecular proportion of sulphite was employed, the monobroruo. 
derivative was obtained in a yield of only 23 per cent, of the theo. 
retical after boiling for seven hours, a large amount of the dibromo- 
compound remaining unchanged, and in order to complete the 
conversion it was necessary to employ a large excess of sulphite 
Five grams of the dibromo -compound were boiled with 25 grams 
(5 mols.) of hydrated sodium sulphite in 20 per cent, aqueous 
solution for six hours under reflux. On cooling the clear .solution 
1-9 grams of the monobromo-compound crystallised out, and & 
further quantity of 0-8 gram was obtained by extraction with ether 
The yield thus amounts to 82 per cent, of the theoretical, and the 
product was nearly pure, melting at 159 — 161°, It ivas purified 
by conversion into the picrate and crystallisation of this salt from 
water. 

4:-BromO‘2-methylglyoxaline. 

4i-Bromo-2-7nethyIglyoxaline crystallises from water in short, stout 
rods or from chloroform in elongated plates, which melt at 162— 
163° (corr.). It is soluble in about 10 parts of boiling water, giving 
a solution feebly alkaline to litmus, somewhat sparingly soluble in 
cold water, very readily soluble in alcohol, ethyl acetate, or acetone, 
readily soluble in ether, fairly readily soluble in chloroform or 
benzene, and almost insoluble in hot light petroleum. It is readily 
soluble' in dilute mineral acids or sodium liydroxide, and more 
soluble in aqueous ammonia than in water, but not so in aqueous 
sodium carbonate, It gives a clear clierry-red solution with sodium 
diazobenzene -p-sulphonate in the presence of sodium carbonate 
{Found : C = 29-4 ; H = 3-4 ; N = 17-0 ; Br = 494. C 4 H^X 2 Br 
requires C = 29*8; H = 34 N = 174; Br = 49-6 per cent.). 

The hydrochloride crystallises from 5A^-hydrochloric acid in 
colourless, quadrilateral plates, which contain IHgO and after 
drying at 100° melt at 187—188° (corr.). It is readily soluble in 
water, giving a solution strongly acid to litrau.s, but is sparingly 
soluble in cold hydrochloric acid (Found : in air* dried s t 
C = 22*0; H = 3‘7; N=13 4; Cl =16-5; loss at 
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H = 3'7; N=13-0; 


,QH 5 N 2 Br,HCl,H 20 requires C = 22-3 
16'5; HgO — 84 per cent.). 

The nitrak. crystallises from water in silky needles which are 
anhydrous and melt and decompose at 132® (corr.) It is easily 
.soluble in water or alcohol (Found : C = 21-8 • H = 2-5 
|c,H 5 ll 2 Br,HN 03 requires C = 214 ; H = 2-7 per cent.) 

I The fkratt crystallises from water in yellow, prismatic needles 
iwhich melt at 161-163° (corr.). It is easily soluble in hot and 
jsparingly soluble in cold water (Found : C = 30-8 ■ H = ‘>. 4 . 
ill = 18-1. CiHsNaBr.CeHgOjNj requires C = 30'8; II = o.j ’ 
jU = 17’9 per cent.). ’ “ ’ 

j rntmtimof i-Bromo-2-melhylghjoxalinc.-^Threc gram.s of I-bromo- 
Is-methylglyoxaline nitrate were added to 6 c.c. of concentrated 
isulphuric acid, and the solution heated for two hours in a water 
jbith. After diluting it with water, and neutralising the greater 
jpart of the acid with sodium hydroxide, 2-25 grams of the pure 
po-compound were collected, that is, 82 per cent, of the theoretical 
^ield. 

i i-Bromo-rj-nilro-'I-metJiyUjli/oxaline crystallises from water in 
bmall, colourless needles and from alcohol or glacial acetic acid in 
pcs which melt and decompose at 268® (corr.) after previous 
wintering (Found : C = 23-1 ; H = 2-3 ; Br = 384 G H 0 AT T!r 
requires C = 23-3 ; H 1-9 ; Br = 38-8 per cent.). It h sparingly 
soluble m boihng water, and almost insoluble in cold water easily 
soluble in hot alcohol or hot glacial acetic add, hut almost insoluble 
In ether, chloroform, or benzene. It is soluble in o.V-hydrochloric 
jcid, giving a colourless solution, from which it is precipitated on 
ption With water, and dissolves readily in aqueous sodium 
bydroxide, sodium carbonate, or ammonia, giving yellow solutions 
Oa exposure to taght sunlight, it becomes pale green in colour 
iQflQ o-nitro4-mcthyIglyoxaliiie (Windaus, Ber., 

lf.?TTi, grams of 

tbramo...methylglyoxaline were converted info the sulphate by 

it loO-lfiA T A ‘hree hours 

WctieallvV f -'3 of 

ieorcticllS.'^ ^ 

cr,v,stallises from 

!o 5° and A which gintcr and darken from about 

4 isnd A 1 It contains IH^O, 

at 1_0 . It is soluble in about 14 parts of boiling 
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water and in more than 100 parts of cold water. It is very sparingly 
soluble in absolute alcohol (Found *. 0 = 18*4, 18*o; H 2-7, 2*8; 
Br = 30-9. C^H^OaNgBrS^HgO requires 0 = 18-5; H = 2-7; 
Br = 30-9 per cent.). 

Hydrolysis,-^'^ Gram of the sulphonic acid was heated Tvith 
5 c.c. of 36 per cent, sulphuric acid for three hours at 170^ On 
basifying the solution, 0-17 gram of pure 4-bromo.2-methylgly. 
oxaline separated. 

The authors arc indebted to the Wellcome Chemical Research 
Laboratories for a part of the 2-methylglyoxaline employed in this 
investigation. 

Municipal College op Technologv, 

University of Manchester. [Uccemd^ Odoh^r 31«f, 1922.] 


CGCXVIL—Action of Ammonhm Niirate and of 
Aqueous Ammonia on Cop])er. Properties of Cnpic 
Tetrammine Nitrite and Nitrate. 

Bj^ Henry BASSErr and Reginald Graham Durrant. 

That solutions of ammonia or ammonium salts rapidly attack copj)er 
is well known. The case of the attack by ammonium nitrate in 
aqueous solution assumed considerable interest in connexion with 
the use of copper or alloys of copper in the manufacture of ammuni- 
tion. When these w^ere used in conjunction with high explosives 
containing ammonium nitrate, corrosion was liable to occur sooner 
or later whenever absorption of moisture by the explosive allowed 
aqueous exudations therefrom to come into contact with the copper 
or copper alloy. Such corrosion rarely occurred except in situations 
where some air at least w^as present, indicating that atmospheric 
oxygen was essential to the process, as is normally the case in the 
corrosion of metals by salt solutions. Striking dark blue and green 
products, resulting from contact of ammonium nitrate with copper, 
immediately directed attention to the action. It became necessary 
to examine these products, as indeed many others, to see whether 
they were likely to prove dangerous or harmful. Into the full 
details of this aspect of the matter it is not necessary to enter, 
but a few points bearing on the chemistry of copper are now 

recorded. , 

It was at once recognised that the dark blue, pnsmatic crystals 
formed in the corrosion of cdpper by ammonium nitrate consisted ot 
cupric tetrammine nitrate, t’utNHJilNO,)^, whilst the green sub- 
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gtattce also present was the basic nitrate, Cu(N 03 ) 2 , 3 Cu{ 0 H) 2 . 
Both 0^ well-known compounds and can readily be pre- 

pared in a pure state. The corrosion products also contained small 
amounts of other substances, notably of nitrite, and the main 
interest from the chemical point of view centred round the (^ucstioni 
35 to the form in which this ^vas present. 

Although not giving a true picture of the course of the reaction,, 

the equation 

nth d mum, + H 3 O + 50 ^ Cu(nm3),{N03), 4* 

CulNOal.^il'ulOHyg 

probably represents fairly Mxdl the net result of the main reactiwif^ 
occurring between copper and ammonium nitrate in i)resence of air 
and water. Tlic products of corrosion actually found in practice 
do not as a rule contain the basic nitrate and the letraramino in 
cquimolccular proportions, and this for two reasons ; First, because 
the concentrated solution of the highly soluble te tram mine nitrate 
is separated, by diffusion and by capillary action, from the basic 
nitrate, which is deposited in the solid state ; secondly, because 
hydrolysis occurs in situations where the tetrammine is exposed to 
moist air and causes it slowdy to revert to tiie basic nitrate with loss 
of ammonia. Thus it was often noticed that a green crust of the 
basic nitrate was in contact with the metal, the blue tetrammine 
deposit overlying it, but in some cases the latter deposit was separated 
by some distance from the former. Where the corrosion occurs in 
presence of much water, the blue tetrammine may never be in a 
condition to separate in the solid state and is ultimately converted 
entirely into the basic nitrate . Analyses I and II illustrate the sort of 
corrosion products met with in practice. Corrosion I consisted chiefly 
of deep blue, prismatic crystals mixed with a moderate amount of 
green material. It was obtained from a piece of ammunition lUled 
with 40/60 amatol. When this munition was first opened for the 
purpose of sampling the filling, there was no corrosion, but when next 
opened, in three weeks’ time, much corrosion was found on those 
parts of the copper where amatol had been scattered during excav- 
ation of the sample. The lead present is derived from solder. The 
corrosion was washed with acetone before analysis in order to remove 
any trinitrotoluene. 

Corrosion II, which consisted almost entirely of dark blue crystals, 
was obtained from the top of a tinned copper can on which a bag of 
ammonium nitrate had been lying for several weeks. 


HgO Olid loss, 


CuO. 

PbO. 

SnO,. 

NH3. 


K;0j. 

etc, (by difl.). 

I. 35 B 

21 

trace 

lUO 

320 

1-0 

11-8 percent, 

11. 30-8 

— 

OU 

21-U 

38-8 

O'j 

7-1 percent. 
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No. II contained more than 80 per cent, of thif tetraminine ; ^ 
trace of carbonate was also present. 


Action of Ammonium Nitrate Solution on Copper. 

When fine copper gauze is immersed in a saturated solution of 
ammonium nitrate ’with free access of air at the ordinary temperature, 
the solution acq^uires a blue colour in a ’very short time and after 
about twenty-four hours a green solid begins to separate. If too 
much gauze has not been used, the metal will have completely 
disappeared in about a fortnight and there will be a copious green 
precipitate in a deep blue solution . The green solid, after filtration 
and washing with cold water, is found to be identical in composition 
and behaviour with the basic nitrate, Cu(N03)2,3Cu(0H)2, prepared 
by heating a solution of copper nitrate to which sodium nitrite has 
been added (see Dammer, ‘'Handbuch der aiiorganischen Chemie, ’ 
II , 2 , 7 1 6) . If portions of solid ammonium nitrate crystals or copper 
gauze projected above the solution, capillary action and subse- 
quent evaporation gave rise to the formation of blue crystals, 
Cu(NH 3)4(N03)2, identical with those obtained in the usual way and 
also with those obtained in corrosions I and 11. 

Cupric tetrammine nitrate, when quite dry, is remarkably stable. 
On heating in a dry tube, it melts at about 210 , bubbles rapidly 
for a while, and then explodes vigorously at about 212°, leaving a 
residue of black cupric oxide. If any basic nitrate is present in the 
tetramiiiiiic, melting seems to begin at a much lower temperature, 
even as low as 150°, owing no doubt to some solution being formed 
from the w’ater contained in the basic salt. At 120° in a vacuum, 
the tendency of the dry tetrammine to lose ammonia is negligible, 
and even after heating for tw’o hours at 160-100° in a current of dry 
air the total loss of ammonia w’as only 3T6 per cent, or less than one- 
eighth of the total amount present, In moist air, even at the 
ordinary temperature, the salt is slowly hydrolysed with formation 
of the basic nitrate, Cu(N03)2,3Cu(0H)2. 


The Corrosion of Copper by Aqueous Ammonia. 

The mechanism of the reaction which gives rise to the nitrite in 
the corrosion of copper by ammonium nitrate is of interest. Trom 
our investigations wt. have come to the conclusion that little or no 
reduction from nitrate to nitrite is brought about by copper under 
the above conditions,* but that the nitrite is produced by the oxida- 

• Spo^vvj copper can slowly reduce alkaline nitrate 
absence of air^(Miiller and Weber, Z. Ekktrochem.^ 1003, 9, 90u) and w 
have found that this also applies to solutions of ordinary ncutra ainmoiii 

nitrate. 
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tipn of ammonia (resulting from hydrolysis of the tetrammine 
nitrate) in presence of copper, which acts as a positive catalyst. 
Thus, when copper was left in 2N- and in S.^'-ammonia in absence of 
nitrate but exposed to the air, considerable quantities of nitrite 
^ere formed which obviously resulted from atmospheric oxidation ; 
25 and 23-9 molecules of CuO were formed in the two experiments 
for each molecule of ; which seems, on the whole, to incUcate that 

the oxidation of the ammonia is merely catalysed by the copper or 
copper salts and is not directly “ coupled ” with the oxidation of the 
copper. 

The precise course of events in the corrosion of copper gauze 
by solutions of ammonia depends on several rather ill-defined 
factors. The first solid product of the reaction is normally cupric 
liydroxide (loss on ignition- found 18-6 per cent. ; calc. 184 per cent.), 
which begins to cliange into the oxide in the course of a few days. 
When this occurs, corrosion proceeds comparatively rapidly. In 
other cases, owing to the intervention of atmospheric carbon dioxide, 
a very compact and adherent coating of malachite, CuC 03 ,Cu{ 0 H) 2 , 
is formed u’hich protects the copper from further attack far 
luorc efi'ectively than does the cupric oxide. When this occurs, 
corrosion proceeds very slowly. Whether the malachite is the first 
product formed or whetlier it is preceded by a small amount of the 
hydroxide, wliich later on becomes carbonated, is undecided. We 
iiavc obtained corrosion products containing nearly 98 per cent, of 
lualachlte by leaving copper gauze and 2. V -ammonia exposed to the 
air. The relative proportions of the copper and ammonia oxidised 
ill the two cases do not seem to difler greatly. 

The compositions of the blue solutions formed also differ in the 
two cases. Wlien cui'ivic oxide has formed and corrosion been rapid, 
about half the copper in solution is present as cupric tetrammine 
nitrite and half as cupric diammine carbonate. When, however, 
malachite has formed and corrosion has been slow, most of the 
copper in solution is present as the diammine carbonate and only 
about 5 per cent, as the tetrammine nitrite. It is evident, therefore, 
that atmospheric carbon dioxide plays an important part in the 
change.s which occur when copper and ammonia are exposed to the 
air. 

Peligot {Compf. rend., 18G1, 53, 209) showed that a vigorous 
reaction occurred between strong ammonia solution, finely divided 
copper, and air with f urination of ammonium nitrite, oxides of 
copper, and a blue solution.’^ By evaporating the blue solution to 

* We also find that ammonia acts vigorously on finely divided copper 
(reduced from solution by means of einc).* After nine days, no metallio 
copper remained and all blue tetrammine salts originally formed had separ* 

VOL, CXXI. 4 U 
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dryness on the water-bath and extracting with hot alcohol saturated 
with ammonia, he isolated violet-blue crystals, to which, merely on 
the strength of a copper estimation, he assigned the formula 
Cu(N 02)2,2NH3,2H20. It has been conclusively shown that these 
violet-blue crystals consist of cupric tetrammine nitrite and several 
alternative methods of preparing this compound have been worked 
out. As will be seen, the most satisfactory method (III) involves the 
previous preparation of van der Meulen’s basic nitrite, a salt exactly 
analogous to the basic nitrate. Since the present paper was UTitten, 
the formation of nitrite during the action of air and ammonia on 
copper has been noticed by Joyner (this vol., p. lol3). 


Preparation of Cupric Tetrammine Nitrite. 

The five methods employed are given in Roman numerals, which 
appear also at the head of the analysis columns referring thereto. 

Method I. A Modification of PeligoU Method, Gauze replacing 
finely divided Copper. — The blue solution obtained by the combined 
action of a<iiTeous ammonia and air on gauze was evaporated to 
drymess in a warm cupboard and the residue extracted several limes 
on the water-bath with alcohol previously saturated with ammonia 
gas. The extraction must be done rapidly or otherwise all the 
ammonia is driven off and very little copper salt dissolves. The hot 
alcoholic extract was rapidly filtered and on cooling deposited deep 
blue crystals, which were filtered with suction and air-dried. During 
drying, they became more purple as though slight superficial decom- 
position had occurred. The yield by this method is poor; only 
04 gram of the blue crystals was obtained from the corrosion of fi 
grams of copper gauze. This was doubtless due to decomposition 
of ammonium nitrite during the evaporation of the original aqueous 
solution or during extraction with hot alcoholic ammonia. 

Methods II and III. From the Basic Nitrite, Cu(NO2)2,3Cu(0H),. 
^Since Peligot's method gives very poor yields and involves the 
preliminary preparation of a somew^hat indefinite mixture, it seemed 
simpler to deal wdth the definite compound, Cu(N02)2,3Cu(0H^ 
first prepared by van der Meulen {Ber., 1870, 12, 758). Method I 
was to extract from this compound with alcoholic ammonia as m 


at€d from the solution as basic salts. 

corresponded with a mixture of CidXOJs.SCvdOH)! (l-o), i ( ste 
(3-0), CuC 05 ,Cu( 0 H)s (ul-5). and Cu(OH}, (44-0 per cent,). 

This would be the kind of mixture which Peagot cxtracte 
emmonia, and it seems probable that the ammine ni n ^ ^ ^ 

c„„ta..inated with nitraU-. VVa havo only 

when using the finely divided reduced copper. ‘t-i!,,, acid 

oxidation of ammonia seems to proceed only as ar as ni 
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Peligot’s method, and method HI to extract with aqueous ammonia 

[dom- 

Method II is somewhat tedious, as repeated extraction is necessary. 
Several grams of cupric tetrammino nitrite were prepared in this 
^ay and dried over a mixture of calcium chloride and its hexammine 
to minimise decomposition. As, however, the yield by this method 
was only 40 per cent, of the theoretical, and the extracted residue 
was practically free from nitrite, it is clear that considerable decom- 
position of nitrite occurs in this process. 

Method III gives excellent results and we recommend it for the 
preparation of the tetrammine nitrite in quantity. The readily 
prepared basic nitrite is treated with the minimum amount of 
ammonia {d 0*880) at the ordinary temperature, the deep blue 
solution filtered through asbestos from black cupric oxide, and 
allow*ed to evaporate and crystallise at the ordinary temperature 
over quicklime to w*hich a few drops of ammonia {d 0-880) have been 
added. K leas than the theoretical amount of ammonia is used, the 
pure salt may be obtained after one evaporation, but the yield will 
he smaller (Ilia gives the analysis). The theoretical yield may be 
very nearly reached by using rather more ammonia, but this 
extraction will deposit a dark stain on the dish when evaporation 
has nearly finished, and the resulting crystals must be redissolved 
in a small quantity of ammonia and the solution again evaporated— 
possibly the operation may h<ave to be repeated (1116 gives the 
analysis). 

Tw'O more direct methods were attempted : 

Method /T,— The action of strong ammonium nitrite solution 
containing excess of ammonia on cupric hydroxide. 

Method F.—The action of the gases, evolved from arsenious oxide 
and nitric acid, on cupric hydroxide suspended in ammonia (d 0-880). 
Blue solutions were obtained in both cases which on evaporation 
over quicklime yielded deep blue crystals. These were invariably 
a mixture (apparently mixed crystals) of cupric tetrammine nitrite 
and nitrate and it does not appear possible to obtain the pure 
nitrite by these methods. 

Analyses of Preparations Obtained by the Foregohig Five Methods. 

The nitrite was estimated by standard permanganate, ammonia 
by distillation witli sodium hydroxide into standard acid, any 
nitrate by further distillation after reduction over-night with 
Devarda’s alloy, the amount of nitrate being calculated from 
the excess of ammonia over that due to reduction of nitrite. The 
copper was either precipitated and weighed as oxide pr estimated by 
Rose’s method. 
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Percentages found by methods Calculated 

I. II. III. IV. V. . ^ ■ 





0 . 




P^ligot’s 

formula. 


CuO 

3fl4 

37-2 

35-5 

35-9 

334 

35-7 

35-4 

.3rv6 

NH, 

260 

27-9 

30-3 

30-3 

27-9 

29-8 

15-2 

30-4 

na 

32-9 

33 8 

33-8 

33*9 

17-8 

29*9 

33-8 

34-U 

NA 

not deter- 

none 

none 

20-7 

44 



mined 







HaO (difl.) 

1-7 

M 





15-6 



100-0 

lOO-O 

99-6 

100-1 

99-8 

99-5 

100-0 

100-0 


The figures for I and II correspond approximately with the 
presence of 13 and 8 per cent., respectively, of basic nitrile 
Cu{N02)2,3Cu( 0H)2, probably formed by hydrolysis and decoin. 
position during crystallisation of the hot solutions. It is also 
probable that some cupric diammine nitrite was formed at these 
comparatively high temperatures, as indicated by the purple coating 
observed on the crystals (this diammine nitrite is described later 
on). IV and V correspond with mixtures of the tetrammine nitrite 
with 47*8 and 9-8 per cent., respectively, of the tetrammine nitrate. 
The deficit in Ilia must have been due to a trace of water retained 
by the crystals. If allowance is made for this, the agreement is 
excellent. The slight excess of copper in III& was due to a trace of 
cupric oxide still held in the crystals and corresponding to 0-34 per 
cent. It is to be noted that the lecrystallisations of this specimen 
had extended over tw*o months. There was no nitrate, however, 
showing that no auto -oxidation or atmospheric oxidation had 
occurred. It will be noticed that the ammonia content calculated 
from Peligoris formula is just half W'hat w'as found in Ilk and IllJ, 
and is much less than the amount found in any of the other 
specimens. 

Properties of Cupric Tetrammine Nitrite. 

As Peligot described it, this salt forms needle-shaped prisms of a 
beautiful violet -blue colour. We have obtained crystals more than 
1 cm. in length by slow deposition from aqueous ammonia. The 
pure -salt is exceedingly soluble in water and yields a perfectly 
clear, dark blue solution. This becomes a test of purity as regards 
contaminating hydroxide. A specimen proved to contain 6-5 per 
cent, of hydroxide iminediatcly gave a pale blue deposit on the 
addition of a few drops of water. A deposit occurs slowly when 
excess of water is added to the pure salt, but if a little ammonia 
is then added the solution becomes and remains perfectly clear. 
Such solutions were used in the nitrite estimations and were slowly 
delivered from the burette into standard permanganate, previously 
wanned with excess of sulphuric acid. The dry salt, wben slowly 
heated, first gives off ammonia, later on it evolves red fumes accom* 
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panJed hy steam and leaves a residue of cupric oxide. This reaction 
appears to have afforded the only estimation iti Peligot’s analysis. 
His percentage of CuO agrees with the formula Cli{N 02 ) 2 , 2 NH 3 , 2 H>, 0 , 
l>,it almost equally well with the formula Ca(N 02 ) 2 , 4 NH 3 . He 
found it necessary to mix the powdered salt with silica in order to 
avoid explosion. We find that the pure salt may he heated either 
slowly or rapidly w-ithout any explosion, hut all specimens containing 
nitrate are apt to explode towards the end of the heating process. 
The action of heat on pure cupric tetrammiue nitrate has been re- 
corded in this paper. The explosion at 212" was so vigorous tiiat the 
apparatus waa broken ; the loss of ammonia after two hours at 200 ° 
jn a continuous current of air was only 3 per cent., whereas the 
corresponding nitrite loses more than 15 per cent, at temperatures 
below 100°, and this without any current of air. It appears, there- 
fore, that ammonia is held firmly in the nitrate, hut not in the 
nitrite, and that in mixtures the nitrite is quietly decomposed by 
heat, final explosion being due to subsequent action on the nitrate. 

Cupric Diammine Nitrite, Cu(NHa) 2 (NO.,).,. 

This derivative was obtained as a purple powder by heating finely 
powdered blue tetrammine nitrite for twenty -four hours at 97 “ in 
a tube provided with a loose glass stopper. The percentage losses 
per time were ; 


Hours 2-3 3-5.^. 4-8 6-8 9-3 

Per cent. los3 3-37 4 9 7-12 8-.5 10*50 11*56 

Hours 12-9 IG-5 19*7 21*9 23*9 

Per cent, loss 13*17 13*7 14-54 15-58 15-58 


These figures present an asymptotic curve. 

The loss calculated for removal of 2 NH 3 is 15-2 per cent. The 
extra 0‘38 per cent, must have been due to some absorption of 
moisture during the process of pow^dering and transference to the 
tube. 

This purple pow'der readily dissolves in ammonia to fonn a 
perfectly clear blue solution, and on exposing the powder to an 
atmosphere containing dry ammonia at the ordinary temperature, 
the violet'blue tetrammine nitrite was re-formed. 

The Effect of Moist Air onHJupric Tetrammine Nitrite. 

A finely powdered sample of the tetrammine nitrite, protected 
from dust, was exposed to moist air for about three months. The 
dry grey powder was then analysed, \sith the follow'ing percentage 
results : • 

CuO 48'23; NjOg 35-28; NH, U-49; HjO (by diff.) 2*00. 

4u* 
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These figures correspond very closely with those required by ^ 
mixture of 80 per cent, of cupric diamminc nitrite, Cu(NH3)2(}^0 ) 
and 20 per cent, of the basic nitrite, Cu(N02)2,3Cu(0H)2. It appear^’ 
therefore, that in moist air the tetrammine nitrite loses half 
ammonia, yielding the diammine nitrite, which then very sloM-ly 
gives place to the basic nitrite through hydrolysis. No nitrate hai 
been formed. 

Preparaiion of vjji der Meulen’s Basic Nitrite, Cu(NO2)2,3Cu(0H)2 

The method of preparation (van der Meulen, Zoc. cit,) is to add 
alcohol to an aqueous solution containing equivalent amounts of 
copper sulphate and potassium nitrite. After filtering from the 
heavy precipitate, the dark green alcoholic solution is evaporated on 
the water-bath until nearly colourless. Alcohol and ethyl nitrite 
are given off and the basic nitrite separates as a bluish-green 
crystalline deposit. The best yield obtainable seems to be about 
half the theoretical, but it is often half that, and experiments were 
made to find the best conditions for a good yield and also to examine 
the nature of the products formed, as the information given by van 
der Meulen on these points is rather vague. The best results were 
obtained when the temperature during the first stage in the prepar- 
ation was kept below 15 ®. At temperatures exceeding this, there is 
considerable loss of ethyl nitrite during the addition of aleobo). 
The proportion of alcohol to water should be in the ratio 5 : 4 by 
volume at least. The precipitate formed on the addition of alcohol 
Ls of a complex nature and its composition varies considerably witli 
the temperature, proportion of alcohol added, lapse of time between 
precipitation and filtration, etc. Of the total, air-dried solid, from 
50 to 60 per cent, con.sists of potassium sulphate and more than 10 
per cent, may consist of the double sulphate, K2S04,CuS04,6H20, 
which Ls often obtained as large, green crystals, especially if some 
time has been ailowTd to elapse before filtration ; otherwise, copper 
sulphate pentahydratc, with no double sulphate, appears to be 
foTihed. Cupric hydroxide is always present, sometimes apparently 
as such (exceeding 11 per cent.), but in other cases only in the form 
of basic copper sulphate. Lastly, the air- dried solid contains 0'7 
per cent, or less of cupric nitrite, probably as basic nitrite. 

It is of course owing to this co-precipitation of copper salts with 
potassium sulphate that the yield of basic nitrite i.s so poor. 

The final filtrate froin which the basic copper nitrite crystallises 
still contains from 20 to 24 per cent, of the original potassium nitrite 
and a trace — or sometimes more — of copper. This trace of copper 
nevertheless imparts a stfcng green colour to the soluticri, and 
migration cxporiinpnt?^ prcYed thttt it i.s present as tv complex anion- 
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probably as Cu(N02)6'"'. The colouring power of this anion is 
about equal to that of the blue complex kation, * , of the 

tetrammine salts. 

In view of the formation of nitrite when copper dissolves in aqueous 
affliuonia it was of interest to see whether any oxidation of ammonia 
occurred when oxygen was absorbed by copper gauze in presence of 
the mixed solution of ammonium hydroxide and carbonate as 
recommended by Hempel for gas analysis (“ Gas Analysis,” p. 125 
of the English edition, 1892). The dissolution of copper in this 
mixture is very rapid if air is slowly bubbled through it. Thus 
100 c.c. of the mixture dissolved 3 grams of copper gauze in less than 
sixteen hours, and 1*8 per cent, of the dissolved copper was present 
as nitrite. On evaporation over quicklime, the deep blue solution 
deposited large crystals of the very soluble salt, Cu(NH3)2C03, whilst 
the trace of nitrite remained in the mother-liquor as Gu{NH3)^(N02)2, 
which is still more soluble. The colour of these two compounds is 
practically identical. The stability of this diammine carbonate is 
very remarkable ; our experiments fully confirm the composition and 
properties as described by Eavre, its discoverer {Ann, C'him. Pkys., 
1844, [iii], 10, 116). 

Sensitiveness to Shock oj some oj the Compounds dealt with. 

In view of the maimer in which these experiments originated, it is 
of interest to record the sensitiveness to shock of some of the com- 
poimds dealt with. This w^as determined by means of a falling- 
weight instrument (Robertson, T., 1921, 119, 16). Basic cupric 
nitrate, Cu(N03)2,3Cu(0H)2, was found to be quite insensitive and 
the corresponding nitrite nearly so. For other compounds, the 
figures of insensitiveness (taking that of picric acid as 100) were as 
follow : 


Cu(NH3yN03h 

Cu(NH 3),(N02)2 (prepared by method III) 

Mixed crygtala contaluing( JJ 

p /XTTT ^ ™ V , \ S9 per cent, of Cn(^H3),(^0^)3) 

— another sample prepared by ] 

method I or II. Possibly it contained a little - 

nitrate or basic nitrito. 

Cu{NH3)2C03 ' 


S9 

89 

55 


55 

greater than 120 


The greater sensitiveness of the mixed tetrammine nitrate and 
ritrite is possibly connected with the higher oxygen content of the 
former in conjunction with the readier loss of ammonia by the 
latter. 


About half the xvork recorded in this jxipcr was carried out hi the 
Research Department, Royal Arsenal, Woolwich, and about half at 

4U*2 



2640 


DAVIES AND HIOKOX : 


Uoiversity CollegCj Reading, and the authors wish to exprcsij 
thanks to the Director of Artillery for permission to publish tlio 
results. 


UsTVEBsiTY College, 
Reading. 


[Received, Seplcnibcr 8</t, I«j22 j 


CCCX^IIl.-~!rAe Synthesis of m-a’-Benzbispyrrok 
Derivatives, 

By William Davies and Edgab Herbert Cuthbert Hickox 

A SURVEY of the formulse of many complicated natural products 
shows that they are often constituted by the linking of simple cyclic 
substances either by means of one or more side chains, or by having 
one or more atoms in common. It is therefore of some interest 
to study the preparation and properties of new cyclic systems which 
should, from analogy with simpler naturally occurring systems 
be found in nature. The preparation of derivatives of m*ot-benzbis- 
pyrrole (I), which, from its structural similarity to indole (11)^ 
should be the product of vital syntheses, has accordingly been carried 
out. 

The line of attack first adopted, which we owe to the kindness 
of Professor W. H. Perkin, F.H.S., was to condense dinitxomesitylene 
(III) with ethyl oxalate and sodium ethoxide after the method ol 
Reissert {Ber., 1897, 30, 1030 ; also see Kermack, Perkin, and Robin- 
son, T,, 1921, 119, 1625) in order to produce the dinitrotolylenedi- 
pyruvic acid (lY), which should be converted by reduction into 
methyl- m-ct-benzbispyrroledicarboxy lie acid (V), and thence, by 
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molecules of carbon dioxide, into 8-methyl- 
^.a-bcnzbispyrrole itself. Unfortunately, the condensation could 
only be effected between one methyl group and ethyl oxalate, and 
insufficieiit is known of the effects of steric hindrance, which is 
probably here called into play, to decide definitely which of the 
two formulae (VI and VII) represents the dinitro^m-xylylpijruvic acid 
actually produced. The two methyl groups in 4 : 6-dmitro-m- 
xylene also could not be condensed smoothly with ethyl oxalate 
and sodium ethoxide. In both condenb^ations the use of higher 
temperatures in the attempt to introduce two pyi-uvic ester groups 
into the molecule resulted in the decomposition of the monopyruvic 
ester first formed. 

The successful method adopted is one involving some interesting 
theoretical considerations. It is based on the replacement of both 
chlorine atoms in 1 : 3-dichloro-4 : 6-dinitrobenzene (VIII) by 
ethyl acetoacetate or malonate ester groupings, when (IX) and (X), 
respectively, are formed. These substances can be converted 
into 4 ; 6-dinitrophenylene-l : 3-diacetic acid (XI), which by suitable 
reduction can be transformed into the desired 2 : Q -dihydroxy 
knzUspyrrole (XII) or the two other tautomerides indicated. It 
is to be expected that 4 : G-dinitro-1 : 3-diacetonylbenzene (XIII), 
obtained from (IX), will also be converted into a benzbispyrrole 
derivative by similar means, but this has not yet been carried out. 


(C0,Et)nCH/'NcH(CO2EtL 

_ o,nI^^no, ^ 


ci/\ci 





(XL) 


HC 

HO-G 




This scheme was evolved before it was known that Borschc and 
Bahr (Annden, 1013, 402 , 100, 100^ liad condensed tho sodium 
compounds of ethyl acetoacetate and ethyl nialonato with 1 : 3- 



2642 


DAVIES AND HICKOX : 


dichloro-4 : 6- dinitrobenzene. They found that, after the sub, 
stitution of one acetoacetic or malonic ester group for one chlorine 
atom, the second chlorine atom was very difficult to replace, pot 
example, whilst ethyl 5-chloro-2 : 4.dinitrophenylacetoacetate{XlV) 
can be isolated in a yield of about 80 per cent, in four hours by carry, 
ing out the condensation in ether, a large amount of (XIV) still 
remains when {VIII) is condensed with excess of ethyl sodioaceto> 
acetate under the same conditions for a period of two hundred and 
foi’ty hours. These and similar facts Borsche considers cin 
experimentaller Beweis fur die Kekulesche Benzolformel * and 
that the two chlorine atoms in (VIII) are not related to the rest 
of the molecule in the same way. As we had reason to doubt the 
validity of Borsche’s deductions, our experiments were continued 
in the hope of preparing (IX) by a convenient method, and it has 
been shown that all the chlorine is replaced when (VIII) is boiled 
with ethyl sodioacctoacetate in benzene for twelve hours, and that 
therefore (VIII) is a useful starting substance in the preparation 
of tricyclic systems containing two heteroatomic nuclei linearly 
fused into each side of a central benzene nucleus. 

Since the paper by Borsche and Bahr seems to have prevented 
the development of a valuable method of synthesis, it will be useful 
to indicate where their deductions are apt to be misleading. Their 
experimental method of comparing the activity of the chlorine 
atom in (XIV) with that of either chlorine atom in (VIII) leaves 
much to be desired. No care is taken to ensure the complete 
solution of the reacting substances in the ether used ; and (XIY) 
will largely exist during the reaction in the form of the sodium 
derivative (XIV and ethyl acetoacetatc and the final product ivill 
compete for the remaining sodium initially present in the ethyl 
sodioacetoacetate), which is less soluble in ether than (VIII). 
Hence the relative amounts of chlorine displaced under such con- 
ditions are at best only a very rough criterion of the activity of 
the chlorine atoms in each compound. But, assuming that the 
experimental conditions used admit of a just comparison, the 
theoretical conclusions (Borsche and Bahr, loc. c\L, p. !5o) are 
scarcely justifiable. Any reluctance wliich (XIV) shows towards 
the introduction of another ethyl acetoacetatc grouping into the 
molecule is not to be ascribed to a deep-seated structural dificrcnce 
between (VIII) and (XIV) (or to a ditlerence in the jnolccular 
arrangement of the two chlorine atoms in \ 111), so much as to a ten 
dcncy, fairly general among organic eomi>ounds, to resist the miio- 

* Kenner (T., 1914, 105, 2721, footnote) has already, however, 
points of view, cast doubt on BovseWa “ experimental proof o£ hcKui 
formula for benzene. 
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auction of many groups, especially when these are of the same type. 
The increasing difficulty encountered in the progressive nitration 
of many aromatic hydrocarbons, or in the progressive w -chlorination 
of toluene or the toluoyl chlorides (this voL, p. 2212), are illustrative 
of this tendency. Perhaps phenomena of this kind, especially 
in the absence of strong polar effects, are really due to the damping 
effect on the recurrence of the reactive phase of the molecule, 
which often accompanies increase in molecular weight and volume. 
This “ damping effect ” is very well seen in the aliphatic series ; 
to take two out of many examples in the literature, the stability 
toAvards hydrolysis by sodium hydroxide shown by the alkyl acyl- 
anilides increases with the normal introduction of methylene groups 
into the acidic group (Davis, T,, 1909, 95, 1397), and the rate of 
hydration of aliphatic acid anhydrides (Sidgwick and Wilsdon, 
T., 1913, 103 , 1959) is also lessened by lengthening the chain. From 
a consideration of this tendency (whatever the explanation in each 
case may be) it is to be expected '' that the chlorine atom in (XIV) 
would be somewhat less reactive than either of the chlorine atoms in 
(VIII), and consequently the deductions made by Borsclic and Bahr 
concerning the structure of the benzene nucleus are unAvarranted. 

In this connexion, it is of interest to note that, whilst 2 : 6- 
cUchloro-3 : 5- dinitro toluene (XV) reacts with great ease to form 
clkyl o-chloro-2 ; (XVI), the 

chlorine atom in the latter substance is far liardcr to replace tlian 
the chlorine atom in (XIV ). The differeacc in this case is probably 
partly duo to the great spatial congestion of groups in (XVI). 


(^3 CH3 

Clf CO.Et'AcHc/ 


PhllClC, 

Jxo., 


(XV.) 


(XVI.) 



HONXV 

OCl 



XH XH 
(XVIII.) 


ocl 


1 I 


-,co 

jeo 


XH XH 
(XIX.) 


* The presence of the eiiiyl aectoacclalo. gioiipiug in (XIV) 110 doubt 
enhances the negntivo polarity and tlie activity'of the chlorine atom (compare 
apworth, Afcm. Manchester Phil. ISoc., 1920 , 61 , ii, l)t but, for purposes of 
comparison, this is roughly balanced by the sli gl;( mutual activation of both 
c 0^0 atoms in (Mil), and consoquently tho “damping effect” referred 
a oye is still to bo expected. (For experimental proof of tho mutual 
^ ivatmg effect of meta-standing chlorinc'atoina, see HoUeman and van der 
Hoeven, Rec. trav. chi?n., 1020, 39, 730.) 
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The chief difficulty arising in the use of 1 : 3*dichloro-4 : 6-dmitro. 
benzene as starting material lies in the preliminary preparation of 
m-dichlorobenzene. For our first experiments wi-chloronitro. 
benzene was reduced with iron filings and hydrochloric acid, and 
the m-chloroanilino produced converted into m-dichlorobenzene 
by the Sandmcyer reaction, but the overall yield was not good 
A great improvement was effected by the use of a patented method 
(D.R.-P. 280739) for replacing aromatic nitro-groups by chlorine 
m-Chloronitrobcnzeno was heated with thionyl chloride under 
pressure, when an excellent yield of m-diohlorobenzene was produced 
w-Dinitrobenzene could doubtless be converted into m-dichloro- 
benzene in the same way, but the pressure produced is too great 
for the experiment to be conveniently carried out with the aid o{ 
glass tubes. The course of the reaction between thionyl chloride 
and aromatic nitro-dcrivatives is not clear ; the equation 
ArNOg 4- SOCI 2 = ArCl -f NOCl + SOg 
does not represent all the truth, for more than one molecule of thionyl 
chloride per nitroxyl is required to bring the reaction to completion. 
This reaction is well worth further investigation. 

Ill the condensation of 1 : 3-dichloro-4 : 6-dinitrobenzeiie with 
ethyl sodioacetoacetate (of wffiich the quantities employed by Borsche 
and Bahr— twice the theoretical— \vere used), along with ethyl 
4 : 6-dinitrophenylene-l : 3-diacetoacetate (IX) some ethyl 4:6- 
dinitrophenylene-1 : 3-diacetate was unexpectedly obtained. The 
constitution of this substance, which Borsche and Bahr (loc. city 
p. 100) had already obtained from the condensation product of 1 : 3- 
dichloro-4 : G-dinitro benzene and ethyl sodiomalonate (reaction 
during seventy-five to one hundred hours being necessary for this 
condensation in ether), w'as proved by its conversion into th© 
indefinitely melting 4 : C-dinitrophenylene-1 : 3-diacetic acid (XI), 
and thence, by the elimination of carbon dioxide, into 4 : 6-dinitro- 
m- xylene. Small-scale experiments showed that the prolongation 
of the time of condensation, and the presence of alcohol during the 
condensation, both favoured the production of ethyl 4 : 6-dinitro- 
phenylenc-1 : 3- diacetate, aud that this eater is also obtained by 
heating (IX) with a benzene solution of ethyl sodioacetoacetate. 
The alcohol nece^ry for the transformation of (IX) into ethyl 
4 ; 6-dmitrophenylene-l : 3-didcetate may be formed during the 
experiment by the decomposition of ethyl acetoacetate into 
dehydracetic acid or other cyclic substances, or perhaps by the 
decomposition of (IX) into compounds analogous to dehydracetic 
acid. No pure substance in support of this supposition has been 
isolated, bai considerable Quantities of an amorphous powder 
containing nitrogen and free from chlorino were formed. Ibis 
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substance, which is soluble in alkali and in some organic solvents, 
jjjjght also be formed by the condensation of two molecules of 
(IX) with one molecule of (VIII). 

Under the most favourable conditions, the total yield of (IX) and 
ethyl 4 : 6'dinitrophenylene-l : 3-diacetate accounts for about 
70 per cent, of the dichlorodinitrobcnzene used. When the con- 
densation in boiling benzene has been in progress for four hours or 
less, a considerable quantity of ethyl 5-clilorO'2 ; 4-dinitrophenyl- 
acetoacetate (XIV) can be detected. 

Another matter of interest arising in the condensation of (VIII) 
with excess of ethyl sodioacetoacetate is the isolation of a small 
amount of long, asbestos-like needles melting at IbO"", The sub- 
stance is undoubtedly identical with that (m. p. 169®) Perkin and 
Thorpe (T., 1897, 71, 1194) obtained in very small amount in the 
condensation of ethyl a-bromoisobutjTate with ethyl acetoacetate 
in the presence of zinc. They had insulhcient of the substance for 
exhaustive analysis, but assigned to it the empirical formula 
OyfiifPi* Collie and Chrystall (T., 1907, 91, 1802), by heat- 

ing etnyl acetoacetate with its sodium derivative in alcohol, obtained 
needles melting at 168 — 169®, which, like the substance isolated 
in the course of the present investigation, gave striking colour 
changes with weak alkaline solutions. The substance obtained 
by CoUie and ChrystaU is a benzopyrone derivative and has the 
empirical formula for which the carbon and hydrogen 

content is very close (the difference being 1*4 and 0*1 per cent., 
respectively) to that required for the formula CigH^gO^. For the 
sake of comparison, we prepared some of the substance described 
by Collie and Chrystall, and found it, by means of a mixed-melting 
point determination, to be identical with our own. Our analysis 
conlirnied the formula C^gH^gOg, and hence there can be httie 
doubt that the substance Ci(jtliQU 4 described by Perkin and Thorpe 
is reaUy the substance C^gHigUg mvestigated by Collie and Chrystall. 

2 \ i6-jjihydroxy-m’o:,-beitzompyrrole (All), prepared from the 
ammonium salt of (XI) by reduction with terrous sulphate and 
ammonia, and subsequent acidihcation, consjsts of needles and 
resembles its structural analogue, oxmdole, in many chemical 
properties, but has a very hign temperature of decomposition 
(over 306®), and is sparingly soluble in most organic solvents. 
It can, however, bo suoiuuod in a vacuum, and resembles 
oxindoie in its amphoteric nature and in the ease with which it 
reduces ammoniacal silver nitrate solution. JSomo of the hydrogen 
atoms are very reactive, for apart from the formation of two sodium 
salts, (XII) reacts with bcnzaldchycte to produce 2 : Q-dtheio-Z : 5* 
dibenzylidcne-2 ; 3 ; 5 ; Gdetrahydro-m-oL’bcnzbispyrrole (XVII). This 
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is a coloured substance like benzylideneoxindole (Wahl and Bagard 
Bull. Boc. CMm,, 1909, [iv], 5, 1033), but has a much higher melting 
point and is only sparingly soluble in organic solvents. 

Attempts were made to prepare 3 : 5-dioximmo-2 : 6-diketo. 
2:3:5: 6-tetrahydro-m-a-benzbispyrrole (XVIII) and thence 
2 : 3 : 5 : 6 - tetraketo ' 2 : 3 : 5 : 6 - tetrahydro - m - a - benzbispyrroig 
(XIX) — the analogue of isatin — but our experiments did not result 
in the formation of pure substances. However, the crude tetraketo. 
compound is analogous to isatin in many respects, giving, for example 
an intense coloration when condensed with thiophen (see p. 2054) * 

To summarise, the m-a-benzbispyiTole derivatives so far obtained, 
resemble their indole analogues very closely in chemical properties 
but are far less soluble in neutral solvents and melt or decompose 
at considerably higher temperatures. 

Experimental. 

Condensation of Ethyl Oxalate with Dmiiromesitylene. 

The condensation of dinitromcsitylene with ethyl oxalate in 
the presence of sodium cthoxide requires careful temperature 
control. An alcoholic solution of these substances remains perfectly 
colourless when kept for tliree weeks at room temperature, but 
on the other hand, when the solution is boiled for two hours a reac- 
tion takes place and the product consists of a viscous, black tar. At 
40"*, however, a yellow coloration is produced which gradually 
becomes red. The condensation is accordingly earned out as follows: 
To a solution of sodium (3-1 grams = 4 atoms) in absolute alcohol 
(150 C.C.), ethyl oxalate (11 grams — slight excess over 2 mols.), 
and dinitromesitylene (7 grams ~ 1 mol.) are added. The mixture 
is warmed to 40 "" with shaking, when the dinitromesitylene dissolves 
and is kept under anhydrous conditions with occasional agitation 
at 40 — 45° for three days. The dark-coloured reaction product is 
decomposed with concentrated hydrochloric acid (15 c.c,), most of 
the alcohol removed by distillation, the residual product poured 
into W’ater, rendered alkaline, the deep red solution filtered, and the 
filtrate extracted with ether. The clear solution is acidified and 
the browm precipitate collected after some time. The dry product, 
which weighs 5*2 grams and melts at 145 — 155°, is practically 
insoluble in water, for the acid mother-liquor, when exhaustively 
extracted with ether, yields less than 0*1 gram. The product 
is purified by rejx^ated crystallisation from xylene. 

Dinitro-m-xylylpyruvic acid. (VI or VII) is sparingly soluble in 
most organic solvents, slightly soluble in boiling xylene, and dis- 
solves in sodium hydroxide solution with the production of a deep 
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jed solution. It crystallises from xylene in deep yellow plates 
melting with decomposition at 174 — 177° (Found : N = 9-9. 

C H10O7N2 requires N = 9*9 per cent.). 

^The condensation of dinitromesitylene at 40 — 45° with a large 
excess of ethyl oxalate and sodium ethoxide results in the same 
diiutrO'Wi-xylylpyruvic acid. The latter substance is also formed at 
higher temperatures together with considerable quantities of tarry 
material. 

The interaction of 4 : 6-dinitro-?n -xylene, ethyl oxalate, and 
sodium ethoxide is equally unsatisfactory from the point of view 
of the present investigation. Since 4 : G-dinitro-m-xyleno is readily 
attacked by sodium ethoxide, the condensation can be conveniently 
carried out by adding at intervals, over the course of twelve hours, 
the calculated quantity of sodium ethoxide in alcohol to an alcoholic 
solution of dinitro-M- xylene and ethyl oxalate at room temperature. 
A reaction takes place at once ; after a further thirty-six hours, 
the product is worked up in the way described in the dinitromesityl- 
ene experiment. In this way, some tar is formed, and also a light 
brown substance, slightly soluble in boiling xylene and in boiling 
ether, is obtained in about 30 per cent, yield. It dissolves with a 
blood-red coloration in sodium hydroxide solution and is fairly 
soluble in pure boiling acetone. This substance consists of micro- 
scopic crystals, sinters at about 250°, but is not completely fused 
below 300°. It suddenly deflagrates when cautiously lieated in a 
flame (Found ; N 10-5. CioHgO^N.. requires N := 10-4 per 
cent.). The nitrogen content of this compound probably indicates 
that it is fairly pure 2 : 4-dinifro-r)-mefkylphenylpyruvic aad, but 
as it is evidently practically free from the desired dinitrophenylene- 
dipyruvic acid, the substance was not further examined. It is 
hoped that the use of alcohol-free solvents will cause the reaction 
to talre the desired direction. 

FAhyl i'^-Chloro-2 : i-dbutro-Q’meihyJplieuijIaccloacelale (XVI). 

This substance is conveniently prepared by boiling for an hour 
an alcoholic solution of ethyl sodioacetoacctate (prepared from 75 
grains of absolute alcohol, 8 grams of ethyl acetoacetate, and 1-4 
grams of sodium) and 12-5 gi\ams of 2 : 6-dichloro-3 : 5-dinitrotoluene 
(obtained as de.scribcd, T., 1921, 119, 873). The deep red solution 
is poured into water and the oil produced dissolved in excess of 
dilute sodium hydroxide solution, and the filtered solution acidified 
with hydrochloric acid and then extracted witli ether. The ethereal 
solution is dried over sodium sulphate, the ether removed, and the 
residual oil (which solidifies on standing) crystallised from alcohol, 
>yhen 12 grama of (XVI) are obtained, 
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Mhyl 6-cWoro-2 ; 4-<itni7ro-0-me/%Z/jAewy?acfiio<ic€to;e consists of 
stout, yellow crystals melting at 92 — 93° (Found: C= 45 .g. 
H = 4'1. CigHjgO^KgCl requires C ~ 45*3; H = 3*8 per cent)' 
It is readily soluble in alkaline solutions (with the production of a 
red coloration) and in boiling alcohol, and is slightly soluble in cold 
alcohol or light petroleum. It is not easy to replace the chlorine 
atom by another ethyl acetoacetate group ; when boiled for sixteen 
hours with excess of an alcoholic solution of ethyl sodioacetoacetate 
two -thirds of (XVI) is recovered unchanged and only a small quan, 
tity of an oily substance can be isolated. A similar result is obtained 
with boiling benzene aa solvent, and wdien the condensation is 
carried out in boiling xylene, extensive decomposition takes place 
Attempts to prepare derivatives of 4 -methyl- m-a-benzbispyrrole 
by this method were accordingly abandoned. 

1 : 3-DtcHoro-4 : Miniirohenzene (VIII). 

The m-chloronitrohenzene required is obtained by the mono- 
chlorination of nitrobenzene after Varnholt (J. pr. CAem., 1887 
[ii], 36 , 25), with ferric chloride aa the catalyst ; antimony tricldoride 
is equally satisfactory. Chlorination takes place rapidly at 75—85° 
and when a small proportion (5 per cent, or less) of catalyst is used 
the product can be straightway distilled. The distillate (b. p. 
215 — 236°) is freed from unchanged nitrobenzene by combined 
fractionation and freezing out, and finally 180 grams of w-chloronitro- 
benzene, melting at 43 — 44°, are obtained from 265 grams of nitro- 
benzene. 

m-Chloronitrobenzene (30 grams) is heated with thionyl chloride 
(50 grams) in a scaled tube at 190 — 200° for twelve hours.* The 
product is carefully poured into w^atcr, made alkaline, and distilled 
in a current of steam. The colourless, heavy oil in the distillate 
is separated — the last portion with the aid of a little chloroform- 
dried over calcium chloride, and distilled, when 20 grams of m- 
dichlorobenzene, boiling at 170 — 180°, arc obtained. This fraction 
is practically pure m-dichlorobenzene and is suitable for nitration 
without further purification. 

1 : 3-Dichloro-4 : 6-dinitrobenzenc is prepared in one operation 

* A very convenient substitute for small enamel-lined autoclaves for high- 
pressure work consists of bomb tubes of extremely hard, thick glass tubing 
about 60 cm. long and 3 cm. wide (external measurement). To the open 
end is sealed a piece of glass tubing about 12 cm. long and narrow enough to 
be worked in tho ordinary blowpipe flame. Each tube has a capacity of 
about 200 c.c. and can be used several times without sealing on a new piece 
of narrow tubing. Those used in this research were obtained from C. Desaga, 
Eauptatrasse. Heidelbwg, 
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, the nitration of m-dichlorobenzene after the method of Nietzki 
and Schedler {Ber., 1897, 30, 166G). Wci found it advantageous 
to use nitric acid of density 1*5 instead of 1-48. In this way, 
30 grams of w-dichlorobenzene arc converted into 32 grains of 1 ; 3- 
dichloro-4 : 6-dinitrobenzene, m. p. 103°, and about 7 grams of a 
mixture of nitro-derivatives of ?n-dichlorobciizene. 

Condensation of Ethyl So^ioacetoacelate, ivUh 1 : ?i^DicJdoroA : 6- 
dinitrobenzene. 

When boiling xylene is used as solvent, the products formed 
rapidly decompose with the formation of dense, ^vhite fumes, but 
the condensation takes place smoothly when canted out in the 
following way. Ethyl acetoacetate (52 grams) is carefully added 
to molecular sodium (9-2 grams) covered with benzene (150 c.c.), 
and after the reaction has subsided the hot solution and suspension 
of ethyl sodioacetoacetate is treated with a solution of 1 : 3-dichloro- 
4 : 6-dimtrobenzene (24 grams) in benzene (50 c.c.). A vigorous 
reaction immediately takes place, the deep red solution is boiled 
for twelve hours on the water-bath, most of the benzene distilled 
off and the residue treated with water (300 c.c.) and a small amount 
of sodium hydroxide solution. The benzene solution is filtered and 
dried, and evaporation yields a crystalline substance (yf) weighing, 
in different experiments, from 4 to 6 grams. Tlie red aqueous 
solution is extracted witli ether, the ethereal solution (which contains 
a small amount of tar and of A) discarded, and the aqueous solution 
acidified with hydrochloric acid. An oil is produced 'which is 
repeatedly extracted with ether, the ethereal solution washed with 
water, dried over sodium sulphate, and the ether removed. The 
oily residue, which is free from chlorine, is dissolved in hot alcohol 
(100 c.c.) and crystals of ethyl 4 : 6-dinitrophcnylene-l : 3 -di aceto- 
acetate (about 22 grams) separate on cooling and long standing. 
The mother-liquor on evaporation gives a tarry residue, of which 
part is only slightly soluble in ether. This least soluble portion 
is a light brown, amorphous powder containing nitrogen and readily 
soluble in alcohol, acetone, or ethyl acetate. This powder, which 
is formed in considerable quantity 'ftdien the condensation is allowed 
to proceed for days, is difficult to obtain in a pure state. It probably 
contains some decomposition products of (IX) of the type indicated 
on page 2644. 

Ethyl 4 : 6-dinitrophenylene-l : 3-diacctoacctate separates from 
a mixture of carbon tetrachloride and light petroleum in coarse, 
bright yellow crystals melting at 108*5®. It is identified through 
its conversion by hydrolysis “with aoid into 4 : C-dinitro-l : 3-di- 
ftcetonylbenzene (XIII), very faintly yellow needles melting at 
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123'' (Borsche and Bahr, loc, ci7., record 108—107'' and 122 ^ 1230 ^ 

respectively). . „ . •, u 1 • 

The crystalline substance (>d) (practically insoluble in cold dilute 
alkali) formed during the condensation is not easily obtained 
perfectly pure. It crystallises from a mixture of chloroform and 
light petroleum in long, white needles softening at 80* and melting 
at 84* (Found : C = 48-9 ; H = 5-0. requires 

C = 49-4 ; H = 4*7 per cent.). It dissolves in hot sodium hydroxide 
solution ^th a red coloration, which rapidly becomes deep green 
and finally pale orange. When boiled for half an hour with 30 
■per cent, sulphuric acid, it is converted into an acid crystallising 
from water in pale yellow needles {Found : in anhydrous material, 
N = lOd. CjoHgOgNj requires N = 9*9 per cent.). The acid 
dissolves in excess of sodium hydroxide solution with an intcuse 
green coloration Avhich rapidly becomes red. The melting point 
of the acid varies considerably with the rate of heating. It melts 
with decomposition at about 195* when rapidly heated, and at 
about 170* when slowly heated. It is converted in the course of 
a few minutes at 170* into carbon dioxide and a nitrohydrocarbon 
melting at 93*, which is 4 : 6-dinitro-??i-xylene. The acid is finally 
shown to be 4 ; 6-dinitrophenylene-l : 3-diacetic acid (XI) (Borsche 
and Bahr, loc. ciL, p. 101, give m. p. 185-186* with evolution of 
carbon dioxide) by its conversion into the methyl ester, which agrees 
in melting point (OrT-OG*) with methyl 4 : 6-dinitrophcnylene4 : 3- 
diacetate (Borsche and Bahr, loc. cit.). Hence the crystal- 
line ester (H) formed in the condensation of ethyl sodioacetoacetate 
and 4 : C-dinitro-m-dichlorobenzeno is ethyl 4 : 6-dinitrophcnylen^ 
1 : S-diacetate, which melts (Borsche and Bahr, loc. ciL) at 82—83“. 

The following experiments throw* some light on the unexpected 
formation of ethyl 4 : C-dinitrophcnylene-1 ; S-diacctate in the 
condensation of (VIH) with ethyl sodioacetoacetate: 

(1) The condensation was carried out in boiling benzene solution 
for a period of four days, when a larger amount of ethyl 4 :6- 

dinitrophenylene-1: 3-diacetate and a smaller amoun of ethyl 

4 : 6-dinitrophenylcnc.l : 3-diacctoacctatc were formed than vhen 
the condensation required twelve hours. 

(9) The condensation was carried out as before, but for a pci 
of twenty-four hours and with the addition of two molecular pro- 
portions of alcohol. The yield of ethyl 4 • 
diacetate was still further increased, and that of ethyl 4 . C-diml 
phenylene-1 ; 3-diacetoacctatc very small 

(3) Ethyl 4 : 6-dinitrophcnylenc-l ; 3-diacctoacetate ( « ’ 

1 mol) was boiled for twefnty-four hours in 
sodioacctoacctflte (O-h mol), Half a gram of the ongmal es,,T 
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ff-as recovered unchanged and 0-3 gram of ethyl 4 : 6 -dinitrophenyl- 
g^ 0 . 1 ; 3 -diacetate was obtained. 

Xhese results are discussed in the theoretical portion of the paper. 

From the condensation of ethyl sodioacetoacetate and 1 : 3- 
(iicliloro4 : 6 -dimtrobenzene still another crystalline substance 
was isolated. The ethyl 4 ; 6 -dinitrophenylene-l : 3-diacctoacetate 
contained a minute amount of long, white needles, which were easily 
obtained pure, owing to their comparatively slight solubility in 
alcohol. The yield of this substance is increased to about 0-2 gram 
when a little free ethyl acetoacetate is added to the quantities 
condensed described on page 2649. The needles melt at 169'* and 
are free from nitrogen and chlorine. The a Ieoh oho solution, when 
mixed ^ith ferric chloride solution (of wliich only a trace must be 
used), gives a deep violet colour. These and other properties agree 
with those of the substance melting at 169° obtained by Perkin 
and Thorpe {loc. cii.). We prepared the benzopyrone derivative 
described by Collie and Chrystall {loc. cii.) and found it to melt at 
169 °, alone or when mixed with the needles already isolated. The 
compound formed by heating ethyl acetoacetate and ethyl sodio- 
acetoacetate was also analysed (Found : C = 63-25 ; H = 5-4. 
CieHjgOg requires C = 63-2 ; H = 5-2 per cent.) and the empirical 
formula of Collie and Chrystall confirmed. 


4 ; G-Diniirophen^Iene-l : 3-diacetic Acid. 

A large proportion of the acid required was obtained from the ethyl 
ester formed as a by-product in the preparation of ethyl 4 : G-dinitro- 
phenylene- 1 1 3-diacetoacetate. The ester is conveniently hydrolysed 
by boiling with excess of concentrated hydrochloric acid and an 
equal volume of alcohol (90 per cent.). By this means the ester is 
brought into solution and after boiling for ten minutes most of the 
alcohol is distilled off and the remaining solution concentrated, 
when the dinitrophenylenedi acetic acid, which is fairly soluble 
in cold water, separates out in almost quantitative yield. 

Part of the dinitrophenylenedi acetic acid required was obtained 
by the hydrolysis and action of heat on ethyl 4 : 6 'dinitrophenylene- 
1 : 3-dimalonate (X), first obtained by Borsche and Bahr (loc. cii.). 
It is more convenient not to use ether as solvent, but to carry out 
the condensation (with a small excess of ethyl sodiomalonate) in 
boiling benzene for a period of twelve hours. After removal of 
the benzene by distillation in a vacuum the crude residual ethyl 
dinitrophenylenedimalonate (1 part) is treated with glacial acetic 
acid (1 part) and water (i part), anfj concentrated sulphuric acid 
(i part) is gradually added to the mixture, heated on the water-bath. 
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When the evolution of carbon dioxide slackens, a further quantity 
(I part) of water is added and the mixture boiled for an 
inter cooling, the reaction product is extracted with ether, % 
,^^^er removed, and the acetic acid may be eliminated from tlie 
residual liquid mixture of acetic and dinitrophenylenediacetiQ 
acids by evaporation over alkali, as recommended by Borsche, 
separation can, however, be expedited by taking advantage of the 
slight solubility of lead 4 : Miniiropkenyhne’l : Z^diacekk in 
cold water. It is noteworthy that this salt is soluble in an excess 
of alkali acetate and in acetic acid. In this way, 1 : 3-dichloTo. 
4 ; 6-dinitrohenzcne is converted into 4 : 6-dinltrophenylenc-l :X 
diacetic acid in a yield of 60 per cent. 

2 : (j-Dihijdroxy-m-ci:-beyizbisp7jrrolc (XTI). 

A hot .solution of ferrous sulphate {80 grains^ of FeSO4,7H^0) 
in water (150 c.c.) is gradually added witii stirring to a solution 
formed by dissolving 4 : G-dinitrophenylcned : 3-diacctic acid 
(5-7 grams) in a mixture of equal volumes of ammonia (30 c.e,; 
d 0-880) and water. Reduction rapidly takes place, the product 
is heated on the water-bath, filtered hot, and the precipitate wit 
washed with boiling water, dhe iron-free filtrate is conci-ntrnit'j 
on the water-bath, diluted with and again concentrated, 

and this procedure repeated until the liquid no longer smells of 
ammonia and has a volume of about 80 e,c. The liquid, from 
which some of the desired substance has already separated, is treated 
with 20 c.c. of lY-sulpliuric acid and left o\'er-night. The lirowii 
substance wliich separates is dissoUed in hot A -sodium hydroxide 
solution (30 c.c.), and the hot filtered solution treated with hot 
JV- 3 ulphurie acid solution (30 c.c.), ^vhen crystals of 2 i (j-dihjdmi'i- 
m-x-benzhispyrroh rapidly separate and alter twelve hours a yield 
of 2-7 grams is obtained. It is, however, not pure (hound: 6 = 
62‘3; H-4-4. requires C - 03-8 ; H = 4*3 per cent.) 

and is purified by repeated crystallisation from water or methyl alco- 
hol, when very light brown needles are obtained, or by sublimation 
in a vacuum, when it is isolated in a perfectly colourless condition. 
However, the crude product, in which the cliief impurity is a small 
amount of non-volatile substance insoluble in mineral acid, can be 
sufficiently purified for many purposes by dissolving it in a little warm 
concentrated hydrochloric acid and diluting the filtered solution 
with water, when the dihydroxylienzbispyrrole is rcprecipitated 
2 : Q^Dihydroxy-m’OL-benzbispyrroU consists of colourless, 
needles which begin to sinter at about 300“ and partly melt and 
completely decompose between 300“ and 350“, The tempera ure 
of decomposition varies considerably with the rate of 
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(Found: C = 64-l; H==4’5; N = 14‘7. n^ciukes 

^ 63-8; H = 4'3 ; N = 14-9 per cent.). When carefuUy heated, 
it sublimes at 30 mm. with some decomposition. It dissolves 
readily in dilute sodium hydroxide solution and is not reprccipitated 
by carbon dioxide. It is a very weak base (this fact and its sparing 
solubility in neutral organic solvents rendered the preparation of 
the pure hydrochloride impossible), but dissolves in excess of cold 
concentrated hydrochloric acid, and is more soluble in cold dilute 
aqueous mineral acid, sodium carbonate, and ammonia solutions 
than in cold water. It is rather soluble in boiling water, less soluble 
in boiUng methyl alcohol, and slightly soluble in the cold solvents. 
It is practically insoluble in boiling ether, acetone, chloroform, 
benzene, xylene, or benzaldehyde. The aqueous solution gives 
no coloration "vrith ferric chloride and reduce.s ammoniacal silver 
nitrate and potassium permanganate solutions even in the cold. 
When a sodium hydroxide solution of 2 : 6 -dihydroxy- m-a-benzbis- 
pyrrole is treated witli benzene di a zonium chloride, a brovTiisli- 
red precipitate insoluble in a large excess of sorlium hydroxide 
solution is at once formed, but this derivative is difficult to obtain 
in a pure state. 

The m)7iosodiujn salt of 2 : 6-dihydroxy-wi-a-bcnzbispyrrole is 
formed by adding the latter substance with stirring to a small 
quantity of 2.A^-sodium hydroxide at the ordinary temperature 
until no more dissolves. The excess of dihydroxybenzbispyrrole 
is at once filtered off and the filtrate, from which the air is now 
excluded, rapidly deposits the monosodium salt in very light brown 
prisms containing a large amount of water of crystallisation, of 
which the last traces are only very slowly lost at 150° (Found : 
in anhydrous substance, ♦ C = 5G-45 ; H = 3-7 ; Na = 10-9* 
requires C = o7'l ; H = 3-3 ; Xa == 10*95 per cent.). 
When the salt is boiled with water and the solution cooled, some 
dihydroxybenzbispyrrole is precipitated in colourless needles . 

What is presumably the disodium salt from 2 : 6 -dihydroxy benz- 
hispjTToIe and a alight excess of cold concentrated caustic soda 
Bolution forms almost colourless needles extremely soluble in cold 
water. Owing to its great solubility, sufficient \vas not obtained 
for analysis. The aqueous solution docs not deposit 2 : 6-dihydroxy- 
benzbispyrrole when boiled and cooled. Aqueous solutions both 
of the mono- and di-sodium salts immediately give a scarlet colora- 
tion with phenolphthalein. 

! - . Q'Diketo-Z : 6-dibenzylid€ne-2 : 3 : 5 : ^-tetrahydro-m- a - boizbis- 
pyrrole (XVII). 2 : 6-I)ihydroxy-m-a-bcnzbispyrrole (0*3 gram) is 

the ®ude for tho carbon retained as sodium carbonate in 

4x* 
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boiled with benzaldebyde (2 c.c.), when no appreciable reaction 
occurs. A minute trace of piperidine is introduced into the hot 
suspension, which is again boiled, when a vigorous reaction takes 
place and a clear red solution is produced. After boiling for one 
minute, the solution is allowed to cool and orange crystals separate 
even above 100°. The crystals (04 gram) are collected and washed 
consecutively with ether, cold dilute sodium hydroxide solution 
water, and then dried. The condensation can ako be carried out 
in alcohol containing piperidine, after the method of preparing 
benzylideneoxindole (Wahl and Bagarcl, loc. cit.), but the reaction 
is slow. In both cases, the product consists of deep orange rhombo- 
hedra sintering at about 300° and melting ^vith decomposition 
at 315° (Found : C = 78-7 ; II = 44; N = 74. 
requires C = 794 ; H — 44 ; N = 7-7 per cent.). It is sparingly 
soluble in organic solvents, but can be recrystallised from largo 
quantities of ethyl acetate or ethyl alcohol. It is insoluble in cold 
dilute sodium hydroxide solution, but when boiled with concentrated 
sodium hydroxide solution a turbid brown coloration is formed 
which becomes a clear bright red on adding alcohol. Great dilution 
with alcohol produces a yellow solution. 2 : 6-Dikcto-3 : 5-di- 
benzylidene-2 ; 3 : 5 : 64etrahydro-m-a-bcnzbispyrrole dissolves in 
cold concentrated sulphuric acid to produce a clear, non- fluorescent, 
deep orange solution, from which an amorphous, yellow substance 
is precipitated on dilution with water. 

2 : G-Dih7/droxy-m-oL'bcnzbispyrrole ajid Nitrosating The 

action of nitrous acid on a cold hydrochloric acid solution of 2 : C-di- 
hydroxy-m-a-benzbispyrrole causes an immediate precipitation of a 
yellow powder insoluble in cold concentrated hydrochloric acid and 
soluble in cold sodium hydroxide solution w ith the formation of a clear 
browTiish-red solution. This substance, however, is not pure, and the 
action of amyl nitrate (with hydrogen chloride or sodium ethoxide as 
condensing agents) on 2 : G-dibydroxy-m-a-benzbispyrrolc like™ 
produces an impure oximino-derivative. Kitrosation, with rapid 
subsequent hydrolysis, by the gradual addition of dilute sulphuric 
acid to a boiling aqueous solution of 2 : 6-dihydroxy<w-a-benzbis- 
pyrrole and sodium nitrite, causes the formation of a red precipitate 
which, after continued hydrolysis with acid and purification by 
solution in cold alkali, is obtained on reprecipitation with acid as an 
amorphous, dark red precipitate. This crude 2:3:5: 6-tetraketo* 
2:3:5: 64etrahydro-ni-a-benzbispyrrole (XIX) dissolves in cold 
alkali with an intense red coloration, is slightly soluble in boiling 
water, and practically insoluble in organic solvents, cold water, or 
cold concentrated hydrochloric acid. When warmed with a trace 
of thiophen (or commercial benzene) and concentrated sulphuno 



SYNTHESIS OF W-a-BENZBISPYBROLE DERIVATIVES. 2656 


acid, an intense deep green coloration is obtained. The analysis 
of this isatin analogue is, however, far from satisfactory, and the 
substance has not yet been prepared in a pure or crystalline con- 
dition. The high and rather indefinite melting points and the sparing 
solubility in organic solvents, as well as the dual character of the 
^-a-benzbispyiTole derivatives, sometimes make their purification 
difficult. 

The investigation of the properties of the parent substance, 
^^i-a-benzbispyrrole, and of some further derivatives, and particu- 
larly their behaviour on continued oxidation, is contemplated. 

The authors thank Professor W. H. Perkin, F.R.S., for directing 
their attention to this line of research, and for the kindly interest ho 
has taken in the work throughout its course, and one of us (W.D.) 
also wishes to make due acknowledgment to the Ramsay Memorial 
Fund. 

The Dvson Perrins Labobatorv, 

Tee University, Oxford. 


[Received, Scplanhcr 2Sth, 1922.] 
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(Found \ C = 64'1 ; H = 4'5; N — 14*7. C 1 QH 3 O 2 N 2 requires 
0 = 63-8; H = 4-3; N = 1^ -percent.). When carefully heated, 
it sublimes at 30 mm. wi^ ‘ some decomposition. It dissolves 
readily in dilute sodium hydi ide solution and is not reprecipitated 
by carbon dioxide. It is a v« weak base (this fact and its sparing 
solubility in neutral organic olvents rendered the preparation of 
the pure hydrochloride impc ‘ible), but dissolves in excess of cold 
concentrated hydrochloric at 1 , and is more soluble in cold dilute 
aqueous mineral acid, sodiu carbonate, and ammonia solutions 
than in cold water. It is rati :r soluble in boiling water, less soluble 
in boihng methyl alcohol, am slightly soluble in the cold solvents. 
It is practically insoluble ir boiKng ether, acetone, chloroform, 
benzene, xylene, or benzalc hyde, The aqueous solution gives 
no coloration with ferric chi ride and reduces ammoniac al silver 
nitrate and potassium permj iganate solutions even in the cold. 
When a sodium hydroxide soj tion of 2 : 6 -dihydroxy-m*a-benzbis- 
pyrrole is treated with hem nediazonium chloride, a brownish- 
red precipitate insoluble in f large excess of sodium hydroxide 
solution is at once formed, bu this derivative is difficult to obtain 
in a pure state. 

The monosodiiim salt of f : 6 -dihydroxy-wz-a-henzbispyrrole is 
formed by adding the latter substance with stirring to a small 
quantity of 2 A^-sodium hydi ixide at the ordinary temperature 
until no more dissolves. The excess of dihydroxybenzbispyrrole 
is at once filtered off and the filtrate, from which the air is now 
excluded, rapidly deposits the monosodium salt in very light browm 
prisms containing a large amount of water of crystallisation, of 
which the last traces are only very slowly lost at 150^ (Found : 
in anhydrous substance, * C = 56*45 ; H — 3*7 ; Na = 10*9. 

requires C — 57*1 ; H = 3-3 ; Xa — 10-95 per cent,). 
When the salt is boiled with water and the solution cooled, some 
dihydroxybenzbispyrrole is precipitated in colourless needles. 

What is presumably the disrdium salt from 2 : 6 - dihydroxybenz- 
bispyrrole and a slight exces;; of cold concentrated caustic soda 
solution forms almost colourless needles extremely soluble in cold 
water. Owing to its great solubility, sufficient was not obtained 
for analysis. The aqueous solution does not deposit 2 : 6 -dihydroxy- 
benzbispyrrole when boiled and cooled. Aqueous solutions both 
of the mono- and di-sodium salts immediately give a scarlet colora- 
tion with phenolphthalein. 

2 : Q-DikeM : 5~dibenzyUdene-2 : 3 : 5 : G-teirahydro-m- a - benzbis- 
pyrrole (XVII). — 2 : 6 -Dihydroxy- m-a*benzbispyrroIe (0-3 gram) is 

• Allowance ia mado for tho carbon returned as sodium carbonate in 
tho boat. 

VOL. CXXI. 4 X 
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boiled with benzaldehyde (2 c.c.), when no appreciable reaction 
occurs. A minute trace of piperidine is introduced into the hot 
suspension, which is again boiled, when a vigorous reaction takes 
place and a cl§ar red solution is produced. After boiling for one 
minute, the solution is allowed to cool and orange crystaJs separate 
even above 100°, The crystals (0-4 gram) are collected and washed 
consecutively with ether, cold dilute sodium hydroxide solution 
water, and then dried. The condensation can also be carried out 
in alcohol containing piperidine, after the method of prepaiing 
benzylideneoxindole (Wahl and Bagard, he, cit.), but the reaction 
is slow. In both cases, the product consists of deep orange rhombo- 
hedra sintering at about 300° and melting with decomposition 
at 315° (Found: C-78-7; H = 44; N = 7-4. 
requires C — 79-1 ; H = 4-4 ; N = 7-7 per cent.). It is sparingly 
soluble in organic solvents, but can be recrystallised from large 
quantities of ethyl acetate or ethyl alcohol. It is insoluble in cold 
dilute sodium hydroxide solution, but when boiled with concentrated 
sodium hydroxide solution a turbid brown coloration is formed 
which becomes a clear bright red on adding alcohol. Great dilution 
with alcohol produces a yellow solution. 2 : 6'DiketO'3 : 5-db 
benzylidene-2 : 3 : 5 : 6-tetrahydro-)n-a-benzbispyrrole dissolves in 
cold concentrated sulphuric acid to produce a clear, non-fluorescent, 
deep orange solution, from which an amorphous, yellow substance 
is precipitated on dilution with water. 

2 ; ^-Dihydroxy-m-oL-benzbispyrrole and Nitrosaling The 

action of nitrous acid on a cold hydrochloric acid solution of 2 : 6-di- 
hydroxy-m-a-benzbispyrrole causes an immediate precipitation of a 
yellow powder insoluble in cold concentrated hydrochloric acid and 
soluble in cold sodium hydroxide solution with the formation of a clear 
brownish-red solution. This substance, however, is not pure, and the 
action of amyl nitrate (with hydrogen chloride or sodium cthoxide as 
condensing agents) on 2 : 6-dihydi’oxy-m-a-benzbispjTrole likewise 
produces an impure oximino- derivative. Nitrosation, with rapid 
subsequent hydrolysis, by the gradual addition of dilute sulphuric 
acid to a boiling aqueous solution of 2 : 6-dihydroxy-m-a-benzbis- 
pyrrole and sodium nitrite, causes the formation of a red precipitate 
which, after continued hydrolysis with acid and purification by 
solution in cold alkali, is obtained on reprccipitation with add as an 
amorphous, dark red precipitate. This crude 2:3:5: 6-tetraketo- 
2:3:5: G-tetrahydro-m-a-benzbispyrrole (XIX) dissolves in cold 
alkali with an intense red coloration, is slightly soluble in boiling 
water, and practically insoluble in organic solvents, cold water, or 
cold concentrated hydrochloric acid. When warmed with a trace 
of thiophen (or commerciaf benzene) and concentrated suiphunc 
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gjcid, an intense deep green coloration is obUined. The analysis 
of this isatin analogue is, however, far from satisfactory, and the 
substance has not yet been prepared in a pure or crystalline con- 
dition. The high and rather indefinite melting points and the sparing 
solubility in organic solvents, as well as the dual character of the 
CT-a-benzbispyrrole derivatives, sometimes make their purification 
difficult. 

The investigation of the properties of the parent substance, 
w-a-benzbispyrrole, and of some farther derivatives, and particu- 
larly their behaviour on continued oxidation, is contemplated. 

The authors thank Professor W. H. Perkin, h\R,S., for directing 
tiieir attention to this line of research, and for the kindly interest he 
has taken in the work throughout its course, and one of us (W.D.) 
also wishes to make due acknowledgment to the Ramsay Memorial 
Fund. 

The Dvson Perrins Laboratory, 

The University, Oxfoiu?. [Heceived, Septanber 28//<, 1022.] 


CCCXIX.— TAe Molecular Scattering of Light in 
Ti’Pentane, 


By Ramavenkatasubba Venkateswaran. 


A UEW field of work which promises to prove of great importance 
in physical chemistry was opened up by the experimental researches 
of Smoluchowski (Bull Acad. Sci. Cracovie, 1916, 31, 218), 
Cabannes (Oompt. rend., 1915, 160, 62; .In;?.. Physique, 1920, is] 
1), and the present Lord Rayleigh (Pron. Hoy. Soc., 1918, 94, 
453) on the molecular scattering of light iji gase:. and vapours, 
and espcciaUy by the discovery by Rayleigh that the liglit scattered 
by gases and vapours in a direction transverse to the primary 
beam is in general not completely polarised, indicating an optical 
selotropy of the molecules. The measurements of Cabannes and 
of Rayleigh are in general agreement with the theory of molecular 
scattering of light developed by the late Lord Rayleigh, according 
to which a, the fraction of the incident energy which is scattered 
in passing through unit volume of the substance, is given by the 
formula 


_ 32773 1 )^ 


( 1 ) 


'vherc iV is the number of molecules pey unit volume, n tbe refrac- 
tive index of the medium, and X the wave-length of the incident 

4x2 
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Jight. The scattering of light iu passage through dust-free liquids 
has also been observed by the present Lord Rayleigh (Proc. Roy 
Soc,, 1918, 95, 174) and Martin {J, Physical Ghem., 1920, 24^ 
478; 1922, 26, 75) and it was found that the scattering po^gj, 
of the liquid studied (ether) is considerably smaller than that given 
by formula (1), although, owing to the greater density of the 
liquid, the absolute magnitude of the effect is many times greater 


than in the vapour phase. 

Of an entirely higher order of magnitude is the well-known 
phenomenon of strong opalescence exhibited by substances in 
the neighbourhood of the critical state. This phenomenon was 
qualitatively studied by Travers and Usher {Proc. Roy. Soc., 1906, 
78 , 247), S. Young {ibid., p. 262), and F. B. Young {Phil. Mag., 
1910, [vi], 20, 793), and quantitatively by Kammerlingh Onnes 
and Keesom {Proc. Roy. Soc. Amsterdam, 1908, 10 , 173). An 
explanation of the phenomenon on thermodynamic principles as 
due to accidental deviations of density was put forward by 
Smoluchowski {Ann. Physik, 1908, 25, 205), and, later, Einstein 
{ibid., 1910, 33 , 1275) obtained from Maxwell’s equations of the 
electromagnetic field an expression for the intensity of the light 
scattered in consequence of such deviations. He showed that the 
fraction, a, of the incident energy scattered in the substance per 
unit volume is 




IfOr - 1 - 2)2 


(^) 


where R is the gas constant, Aq the Avogadro number, ,3 the iso- 
thermal compressibihty of the substance, n the refractive index, 
and X the wave-iength of the incident light. Keesom {ibid., 1911, 
35 , 591) tested this formula over a range of 2-35° above the critical 
point of ethylene and found good agreement except in the immediate 
neighbourhood of the critical point. 

The subject has gained a new significance as the result of the 
work of Raman {‘' Molecular Diffraction of Light,” by C. Raman, 
pubhshed by the Calcutta University Press, 1922. Sec also Aa/«re, 
1921, 108 , 402; Proc. Roy. Soc., 1922, 101 , 64), who has shown 
that the three phenomena mentioned above, namely, scattering 
of light by gases and vapours, scattering by liquids, and critical 
opalescence,* w'hich are of such different orders of magnitude and 
apparently so distinct, stand in reality in the closest relationship 
to each other, their magnitudes in each case being given by t e 
Einstein-Smoluchowski formula (2), and further that this aTi, 
which reduces to Rayleigh’s formula in the special case of a gas 
obeying Boyle's law, is inuc4i more generally apphcable than ( ), 
and should be regarded as the fundamental relation determining 
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+h scattering power of fluid media. The theory of Einstein- 
eluchowski does not, however, take into consideration the 
• Alienee of molecular selotropy, and has to be modified. The 
^ ffnitude of this correction and its variations with temperature 

pressure have been discussed by Raman and are referred to 
The subject bears very closely on various physicochemical 
conceptions such as the anisotropy of the molecule, molecular 
^ssociation, etc., and it is thus of importance to make a 
thorough investigation of the scattering of light in a large number 
of substances and to determine the validity of the theoretical 
result<3 over the widest possible range of experimental conditions. 

A series of researches with this object in view has been under- 
taken at the suggestion of Prof. Raman. The cases of ether and 
benzene have been .studied by Mr. K. R. Ramanathan, and the 
results will shortly be published. The pre.sent paper describes a 
similar study made with ?i-pentauc both in the liquid and saturated 
vapour phases and in the gaseou.s pliase above the critical tem- 
perature up to 214'’. 

Experimental. 

The w-pentanc used in these experiments had been fractionally 
distilled, the middle fraction, boiling at 37—38°, being then redis- 
tilled in a vacuum directly into the observ'ation bulb, which was 
of 1 inch external diameter. The form of apparatus used was 
that employed by Martin to obtain dust-free liquids. 

The glas.s bulb containing the required quantity of dust-free 
liquid was painted black except at three places, two at the .sides 
for the admission and exit of light and the third, at the base, for 
the observation of the scattered light. The bulb was mounted at 
the centre of a stout iron cross -tube similar to the one employed 
by Lord Rayleigh. Tlie contents of the bulb could be raised to 
any particular temperature and the temperature maintained 
constant within a few tenths of a degree for hours, the heating being 
conducted by passing an electric oiirrent through a coil of wire 
wound round the iron cross -tube. The eros.s-tubo was mounted 
horizontally and a nai'r(>w cone of .sunlight was focussed at the 
centre of the bulb by means of a lens. Witli this arrangement, 
the track of the light inside tlic bull) was easily visible through the 
wuidow at the base of the bulb. 

A quantity of pure redistilled honv.vno (diistdree) was placed in 
a rectangular gla.ss bottle, and the track of light obtained by con- 
centrating sunlight by a Ions of tlio same focal length as the one 
mentioned above formed the standard for measuring the intensity 
of the scattered light in pentane. The image of the track of light 
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in. benzene waa brought into the same field of view as that of 
pentane by means of two totally reflecting prisms. The photo, 
metry was carried out with an Abney rotating sectored disk 
Different apertures of known diameter could be introduced in front 
of either lens in order to regulate the brightness and thus facilitate 
measurement; this has the additional advantage of minimising 
the heating effect of the cone of light. 

The measurements thus obtained express the scattering power 
of pentane in the liquid or vapour phase as the case may be, in 
terms of the scattering power of liquid benzene at the temperature 
of the laboratory. It is desirable to express the scattering power 
in terms of that of liquid ether, as this forms a convenient standard. 
In order to effect this, a bulb containing dust-free ether at 35' 
was placed inside the cross- tube, the scattering power of the ether 
was compared with that of the benzene outside, and tlie values 
for pentane in terms of the benzene standard were multiplied by 
the ratio of the scattering power of benzene to that of ether, t!i>i 3 
giving the scattering power of pentane in terms of that of liquid 
ether at 35°. 

As the bulb containing ethor was mounted in the same cross, 
tube, the substance studied (pentane) and the standard (ether) 
were in precisely the same conditions of experimentation. In the 
case of pentane vapour, however, a small correction is required 
for the loss of light on reflection at the interior walls of the bulb. 
This correction, which amounts to about 6 per cent., was applied 
to the observed vahies for the scattering power of pentane vapour. 

Results. 

The observed values for the scattering power of ?i-pentano, in 
the saturated vapour phase, in the gaseous phase, and in (he liquid 
phase, are given in the second column of Tables T, 11, and 111, 
respectively, the intensity of the scattered light being expressed in 
terms of that in liquid ether at 35° as standard. In the third 
column are given tlie tlieoretical values indicated by the Kinsteiii* 
Smoluchowski formula after applying the correction for tlie imperfect 
polarisation of the scattered light as explained in a later paragrapli. 

The theoretical value iiccording to the Einsteiii-Snioluclio^\ski 
formula .is — l)“(?i^ -h where [1 

and n are the compressibility and refractive index, respective}, 
of n-pentane at tlio absolute temperature T, and and yii are the 
corresponding quantities for ether at Tj(273 -{- 35 ). The 
of h at different temperatures were obtained by applying Loren z » 
refraction formula (n^ -- lJl{n^ 2) - kp (p being the density o 
the substance) ; from the values of density of saturate vapo 
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and liquid pentane given by S. Young (T.. 1897, 71 , 58), h = 0-3538 
for it-pentane. 

Xhe values of p, the compressibility of pentane at different 
temperatures, were determined by plotting the pressure-volume 
data given by Rose-Innes and Young (PUl Mag., 1899, [vi], 
47, 355) and drawing tangents to the different isothermals 
at the points of saturation. In the case of vapour of n-pentane 
between 180“ and 197-2'', the critical temperature, the pressure- 
volume data have not been given by these authors, and 

the values of ^ ^ at these temperatures were calculated 

from the values of dpfdT given by Rose-Tnnes and Young by the 
application of Dieterici’s relation, 


dp^ 

¥r 


cR _ cR dp 
V p ‘ dv 


(c ~ 1'707 for w-pentane). 


The values of p obtained in this way were plotted along with 
the values of [3 obtained from the pressure-volume data, a smooth 
curve was dra^vn through them, and the value of [3 for saturated 
pentane vapour at any temperature was read from the curve. 

The values of p for liquid pentane were obtained from Landolt’s 
tables up to 100° and from the pressure- volume data given by 
Rose-Innes and Young above 130°. In order to determine the 
values of p and 71 for n- pentane in the gaseous phase above the 
critical point, it is necessary to know the actual mass of pentane 
used and the volume of the bulb ; these were separately determined 
at the end of the experiment. 

The fourth column contains the ratio of the scattering power 
of 7i-pentane at P to that of the same at 87°, In the fifth column 
are given the ratios of the density of tiic substance at to that 
at 87°. 

The results obtained show a satisfactory agreement with those 
calculated from the Einstcin-Smoliichowski formula. Indeed, a 
closer agreement cannot be expected, if it is remembered that 
experimental difficulties, such as slight fluctuations of temperature, 
a trace of dissolved air or traces of impurities such as benzene in 
the pentane, have a large influence on the scattering power. More- 
over, the theoretical values are not very accurate, as there is a 
little uncertainty in determining the compressibility from the 
curves, especially at the points of saturation. There can, however, 
he no doubt as to the validity of the Einstein-Snioiuchowski formula 
for the scattering power of ?i-peutane in all three phases, liquid, 
saturated vapour, and gas. If the Rayleigh formula held good, 
the values in the fourth and fifth columns in Tables I and III 
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Table I. 

Scattering of light in the saturated vapour of n-pentane. 

Scattering power of n -pentane Scattering power 

vapour ut n-pentane Density of ssit. 

Scattering power of liquid ether vapour at t crated vapour of 
at 35°, Scattering power n -pentane at f 


Tem- 



of tho same at 

Bensityof the 

perature. 

Observed. 

Calculat-ed. 

87°. 

same at 87°. 

87° 

0-235 

0-242 

1-00 

1-00 

125-2 

0-73 

0-71 

3*11 

2-33 

137 

1-20 

M3 

5-11 

3-00 

145 

1-95 

1-59 

8-30 

3-.5S 

149 

2*10 

1-85 

9*14 

3-87 

154 

2-42 

2-37 

10-3 

4-25 

155-4 

2-60 

2-44 

11-3 

4-.38 

167 

3-90 

4-07 

10-0 

.5-7.5 

172 

5- 88 

5-58 

25-0 

0‘4(i 

183 

13-4 

11-3 

.57-0 

8-42 

187 

17-8 

10-8 

75-7 

9-58 

189 

22-1 

19-1 

94-0 

10-1 

190-5 

23-3 

23-2 

99 

10 7 

193 

30-8 

31*7 

131 

120 

190 

70-8 

09-5 

301 

15-3 


Table II. 

Scattering of light in gaseous pentane above the critical point. 

Scattering power of pentane 

vapour Batio of scat- Batio of density 

Scattering power of li<][uid tcring power of of gaseous pon- 
ethcr at 35°. gaseous pentano tano at to that 

^ at t° to that of the of tho snnie 

perature. Ob.sorvcd. Calculated. same at 30-5°. at 36-5". 

200° 48-5 (2G-U) 200 11-2 

■>03 30-8 24-3 131 11-2 

‘>10 20 S 00 11-2 

214 15-2 10*7 05 .lO:’ 


Table TTI. 

Scattering of light in liquid -pentane. 


Scattering power of pentnne 
vapour 

Sc attering i*o\vcr of liquid 
ctlier at !]'/. 


Tern- - -• 

perature. Observed. (^aloulatet 
3fi-5° 1-Gl 1-92 

80-0 2 ‘84 2!)t; 

103-8 3-40 3'23 

in-O 4-2.5 3*72 

128-0 5-30 4-2H 

138-0 0‘37 5-34 

148*0 8*18 (^5 

150-8 910 8-75 


Ratio of scnllcr- 

Ihallo of tlio i]c:i 

ing [jower of 

sity of liquiti 

liquid pentane 4il 

, penianeattMo 

t to that of the 

that of the saim’ 

same at 30 -5’. 

at. 3(l-5'\ 

1-00 

100 

1-704 

()-i}22 

2-112 

0-877 

2-04 

0-839 

3*33 

0-814 

3-06 

0-7S9 

.5-08 

0-759 

5-05 

0-732 
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should have agreed. Actually this is far from being the case, 
the scattering power of the vapour increasing at a much greater 
rate than that proportional to its density, as the temperature is 
raised. It is evident that the Rayleigh formula breaks down 
completely for all three phases and that the “ principle of random 
phase ” on which he founded his theory of molecular scattering of 
litrht is not valid except in the case of a perfect gas. 

Polarisation of the Scattered Light. 

It was showm by Rayleigh by a photographic method that the 
lierht scattered by dust-free gases and vapours in a direction at 
right angles to the incident beam is, in general, imperfectly polarised. 
In the case of pentane vapour he found the ratio of the weak com- 
ponent to the strong in the scattered light was 1-2 per cent., the 
result being, however, marked as doubtful owing to the formation 
of a cloud in the observation tube. In order to study the effect 
of temperature and pressure on the polarisation of the scattered 
light, the extent of the imperfection of polarisation at the various 
temperatures was determined by the present author in the following 
manner. A cone of sunlight or light from an arc lamp was focussed 
at the centre of the observation bulb containing the liquid or vapour 
of pentane, and the scattered light w^as viewed through a double- 
image prism and a Nicol. The double-image prism w’as adjusted 
so as to bring the two images, the strong and the ^veak components, 
into line, and the Nicol was then turned until the two images were 
of equal brightness. The Nicol was then rotated to another 
position at w'hich the two images were of equal brightness. The 
angle through which the Nicol was turned between the two positions 
was read on the graduated disk. The ratio, r, of the weak component 
to the strong is equal to the square of the tangent of half the angle 
and is a measure of the imperfectness of polarisation. 


Polarisation of the scattered light in pentane. 


[ Temperature 
- Imperfection of 

30^ 

7‘2 

80^ 86° 122° 151° 159° 
7‘2 6-7 5-2 1'7 1-5 

173° 
1-5 per 

[ polarisation 



cent. 

/ Temperaturo 

J Imperfection of 

144-' 

2-5 

167° 181° 197° 

2 0 T5 1-5 per cent. 


[ polarisation 




It will be seen that the degree of imperfection of polarisation 
ef the scattered light in pentane vapour is very small, but it shows 
a marked diminution as the critical lomperatuie is approached; 
in the case of the liquid, on the other hand, the degree of imper- 
fection is fairly considerable at low temperatures, remains constant 
up to moderately high temperatures, and then rapidly falls to a 

4 X* 
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small value, which is the same as in the case of the vapour. 
is no change in the degree of imperfection on passing through the 
critical point. 

The explanation of the remarkable difference in the state of 
polarisation of the light scattered in vapours and in lictuida and 
of its changes with temperature and pressure has been discussed 
by Raman. His theory may be briefly outlined as follows. The 
light scattered by a fluid may be divided into two parts, (1) the 
scattering of the one part is due to thermal fluctuations of density 
and is determined by the positions of the molecules, its magnitude 
being given by the Einstein-Smoluchowski formula, and (2) the 
scattering of the other arises from the anisotropy of the molecules 
the ma^tudo of the effect being determined by their varying 
orientation. Part (1), when observed in a direction transverse 
to the primary beam, consists wholly of polarised light, and part (2) 
almost wholly of unpolarised light. When the substance is in the 
state of rarefied vapour, both the position and orientation of the 
molecules may be assumed to be absolutely at random, and its 
power of scattering light is, as indicated by the Rayleigh law, 
proportional to its density. But when the vapour is compressed 
to such an extent that its pressure-volume relation deviates from 
Boyle’s law, or when the substance passes into the state of liquid, 
the positions of the molecules in space no longer form a random 
distribution, and the part of the scattered Ught which is due to 
fluctuations of density ceases to be proportional to the density. 
In hquids, in fact, this part of the scattering becomes much smaller 
relatively to the vapour than the value proportional to the greater 
density, as can be seen from a comparison of the figures in Tables I 
and III. The orientation of the molecules, on the other hand, 
docs not depart very greatly from a random distribution, and the 
unpolarised part of the scattered light which arises from differences 
of the properties of the molecules in different directions increases 
nearly in proportion to the density. The ratio of the unpolarised 
to the polarised part of the scattering should therefore be con- 
siderably greater for the liquid than for the vapour at the ordinary 
temperature. This is what is actually observed, and the same 
considerations also explain why the polarisation of the scattered 
light both in the liquid and the saturated vapour phases improves 
pari passu with the increased intensity of scattering as the 
temperature is raised. 

It is obvious from what has been said above that owing to 
admixture of unpolarised light arising from the anisotropy of the 
molecules, the scattering of Jight actually observed must be greater 
than that given by the Einstein-Smoluchowski theory. The magni- 
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tude of the correction' factor is easily found. The quantity r, 
which is a measure of the imperfectness of polarisation, is 

_ Intensity of weak component 
“ Intensity of strong component ’ 

and the complete mathematical investigation show.s that the total 
intensity of the scattered light in a direction transverse to the 
primary beam is increased in the ratio (6 + Qr)l{Q — 7r). This 
correction has been introduced in the figures contained in the 
third column of tables I, II, and III. 

The author proposes to continue the investigation of the scattering 
of light in a large number of carbon compounds and of the degree 
of imperfection of polarisation of the scattered light, with a view 
to find out the relation between these quantities and the structure 
of the molecule. 

In conclusion, I have great pleasure in acknowledging my in- 
debtedness to Prof. C. V. Raman, under whose inspiring guidance 
the work was carried out. 

University College, 

Rangoon, Burma. [/iccdvtd, July ?>rd, 1922.] 


QCCXX.—Dyes derived from aa -Dkyanodihenzyl 
Diketone, 

By SiKHiBHUSiLAN DuTT and Nirmal Kumar Sen. 

By the action of oxalic ester on benzyl cyanide in presence 
of alcoholic sodium ethoxide, Volhard {Annukn, 1894, 282 , 4) 
obtained a compound to which he gave the name diphcnylketipic- 
dinitrile [aa'-dicyanodibenzyl diketone] and the constitution 
CN-CHPh-COCO-CHPh-CX. 

He described it as crystallising in olivc-grccn needles melting at 
272°. 

Employing his method, the authors obtained a substance w’hich 
crystallised in glistening, bright yellow leaflets and melted at 
132°. That this substance is ax'-dicyanodibenzyl diketone is 
indicated by the analytical data and also by the fact that, like 
other a-diketones, it undergoes condensation >\ith o-diamines to 
form, azines. These condensation products, whicli arc characterised 
by their crystallising power and dyeing properties, closely resemble 
the corresponding azines derived from benzil, p-naphlhaquinoiie, 
and phenanthraquinone. Condeusati(m has been effected with 
the follomng diamines : cthylenediamine, o-phenylenediamiue, 

4x* 2 
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2 : 3-tolylcnediainine, 1 : 2-naphthylenediamine and its S-sulphonic 
acid, 8-kydroxy-l : 2-naplithylenediamine-6-sulphonic acid, 1 :2;4. 
triaminobenzcne, 2-aniinodiphciiylamine, 2'aniiiiodi’23-tolylaiidj^p^ 
phenyl- 1- amino ’ p-iiaphtliylaniine, 2-amiiiophenyl- a-naphthylamijig^ 
and 2-arQinO'4-anilmodiphenylainme. 

Most of the condensation products are bright yellow substances 
which give the characteristic colour reactions of azines with con- 
centrated sulphuric acid and dye wool in very uniform and line 
shades from an acid bath. 

Experimental. 

aoL -Dicyanodibcnzyl Dikcionc. — 2-5 Grams of sodium were dis- 
solved in 40 c.c. of absolute alcohol, the solution was cooled, and 
a mixture of 7 grams of benzyl cyanide and 4-8 grams of ethyl 
oxalate in 40 c.c. of absolute alcohol added. The mixture was 
heated on the water-bath under reflux for half an hour and acidified 
with dilute hydrochloric acid. The yellow, crystalline precipitate, 
twice recrystallised from dilute acetic acid, formed brilliant, yellow, 
glistening leaflets, m. p. 132^ (Found . N 9'4. CJ8HJ2O2N2 
requires N = 9*72 per cent.). 

The above process w^as subsequently modified by omitting the 
alcohol, the sodium being added directly to the mixture of benzyl 
cyanide and ethyl oxalate. The reaction, which was slow at first, 
proceeded with increasing vigour, and the whole mass became 
viscid. The product was acidified and the resulting precipiUte 
crystallised as before. 

Coniknsation with Diaminos. 

In the following preparations, unless otherwise .stated, J'8 grams 
of aa'-dicyanodibenzyl diketone wxre condensed, in glacial acetic 
acid, with the quantity of diamine recorded. In the formula-, 
X denotes CN-CHPii-. The dyeing properties were tested on wool 

in an acid bath. \-C‘N‘CE 

oLx -Dicyano-"! : ^-dihenzyho 1 ^‘dikydropyrazinef 

prepared from I'o grams of ethylcnediamine hydrochloride in about 
30 c.c. of boiling water. The yellow colour of the diketone rapidly 
disappeared, and an almost colourless, crystalline substance w 
formed This, recrystallised from dilute alcohol, was oh toed u- 
very pale yellow needles, rn. p. (bound : N — 18 - 20 16 * 

requires N — 18-0 per cent.). E'C\ 

dOL ~Dicy(iiW’2 1 'i-diboizylquinoxdliiiC) 

1-2 grams of o-phenylcnediamine, crystallised from 40 per cent. 
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ncetic acid in brilliant, yellow, glistening needles, m. p. 227“ 
(Found : N = 16-2. C 24 H 16 N 4 requires N -= 15-6 per cent.). The 
substance dissolves in concentrated sulphuric acid with a blood-red 
colour, and dyes bright yellow shades. 

(toL-Dicyano-2 ; Z-dibenzylS’methylquinoxaline, CgH3Me<^;9^, 

prepared from 14 grams of 2 : 3-toIylcnediamine, crystallised from 
dilute acetic acid in brilliant, orange-red needles, decomposing 
above 250“ (Found : N = 14-8. C25HjgN4 requires N = 14-9 per 
cent.). It dissolves in concentrated sulphuric acid with a violet 
colour, and dyes orange-red shades. 

CX 

/^cx 

m-Dicyano-2 : 3-dibenzyl-l ; i-mphthaquinoxaline, \ N , 


prepared from 1-6 grams of 1 : 2-naphthylenediamine, crystallised 
from dilute acetic acid in bright orange-yellow needles, m. p. 230“ 
(Found : N = 13*5. CggH^gN^ requires N = 13*6 per cent.). It 
develops a violet colour with concentrated sulphuric acid, and dyes 
orange-yellow shades. 

oix-Dicyano-1 -amino-2 : MibenzyJquinoxaline, 


^5-6 Grams of the diketone and 4 grams of 1:2: 4-triamino- 
benzene dihydrochloride were boiled together with 60 c.c. of water 
for half an hour. The dark violet solution obtained was filtered, 
rendered alkaline with sodium hydroxide, and the dark brown pre- 
cipitate formed was crystallised from hot pyridine with the addition 
of dilute acetone, when the quinoxaline \vas obtained in yellowdsh- 
brown needles, w*hich decomposed on heating (Found : N = 18*9. 
C24 Hj^N 5 requires N — 18*67 per cent.). It dissolves in concen- 
trated sulphuric acid with a violet colour, and dyes violet shades. 
oLi.' -Dicyano-2 : dibenzyl- 1 : 4:-naphfhaqninoxaline-l -sulphonic 
N*CX 

acid, w\as prepared by boiling the diketoue 

and 2*5 grams of 1 : 2-naphthylcncdiamine-5-.sulphonic acid with 
50 c.c. of water for about fifteen minutes. A clear solution was 
obtained which, on cooling, deposited the condensation product 
as a brownish*yellow mass. This w^as dissolved in sodium hy^oxide, 
reprecipitated by hydrochloric acid, and finally crystallised from 
dilute acetic acid, glistening, yellow needles, decomposing above 
270“, being formed (Found: S — 6*5. C28H18O3N4S requires 
t.' = 6-53 per cent.). The naphthaq\unoxaline dissolves in con- 
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ceniirated sulphuric acid with a violet colour, and dyes intense 
yellow shades. 

(jid'-DioyanoA^-hjdroxy^^ : ^-dihenzyUl : 4 ^-nap'kthaquinoxalini, 
i-mlphonic acid, S 03 H-CioHj{OH)<^; 9 ^, was prepared from 5-6 

grams of the diketone and 54 grams of 8-hydroxy.l : 2-naplithyl. 
enediamine-6-sulphonic acid as in the preceding case. ^ The product, 
purified hy dissolution in sodium hydroxide and precipitation from 
the filtered solution with hydrochloric acid, was a yellowish-broTvn, 
amorphous powder which decomposed on heating (Found : S = C-6, 
requires S = 6-32 per cent.). It dissolves in con- 
centrated sulphuric acid with a reddish-violet colour and dyes 
chocolate shades on wool from a bath rendered alkaline with 2 per 


cent, sodium carbonate, 

aoL ’Dicy(i7io-l-pfi€,7iyl'2 ; S-dibeJizylyuinoxciliTiium chloHde, 

^ „ ^NPhClXX 
nv’ 


was prepared from 2-2 grams of 2 -aminodiphenylamine hydrochloride 
in 40 c.c. of hot glacial acetic acid and 4 c,c. of concentrated hydro- 
chloric acid, the condensation product being deposited in fine, 
yellow needles, which decomposed on heating (Found : N = 11 - 6 , 
C H 21 N 4 CI requires N ~ 11*87 per cent.). The substance dis- 
solves in concentrated sulphuric acid with an orange-yellow colour, 


and dyes bright yellow shades. 

aa-DicyanoA-phenyh2 : :i-dibcnzyl-\ : i^mpUJutquimxdmum 

chloride, similarly prepared from 24 grams ol 

phenyl-l-amino-li-naphthylamine, was, after two niinutes’boilmgand 

dilution with hot water, deposited in minute, orange-yellow needles, 
which decomposed on heating (Found ; C=77-C ; H=4-2. CjjHjjNjCl 
requires C = 784 ; H = 4-7 per cent.). It dissolves in concentrated 
sulphuric acid with an orango-red colour, and dyes orange shad^. 
Ki' . Dicijano - 1 - » - naphthyl -2:3- diben-.ylquinoxalinmm chloride, 


prepared from 24 grams of tlie diketone 

and 1-2 grains of 2-aminophenyl-x-naphthylamine as above, ciystol- 
li.sed from glacial acetic acid in red, microscopic needles (Found: 
C = 77-8; H = 4-0. CjjHjjNiCl requires C = 78d ; H = 44 pt 
cent.). The substance dissolves in concentrated suliihimc acid 
with a rcddi.sh-violct colour, and dyes bright red shades. 

M'-Dkyano^-pdolyl-2:i-dibenzyl&-rridhylquinox(tlii<c, 

prepared by moans of 2'5 grams of 2 -aniinodi-p-tolylaininc 1 ') 
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chlori^^j crystallised from acetic acid in shining, brown needles 
(Found : N = U-T. C32H25N4 requires N = 12'04 per cent.). It 
dissolves in sulphuric acid with an orange-brown colour, and dyes 
brown shades. 

^ff!,Dicyano-^-anilinO’\-ph^nyl2 : Z-dibenzyJquimmlinium cUor- 
icfe, KHPh-C6H3<^ ^^ ^^> prepared from 14 grams of the 

diketone and 14 grams of 2-ainino-4-aniliaodiphenylamine in 
presence of glacial acetic and concentrated hydrochloric acids, 
crystallised from the solution in microscopic^ bluish-green needles, 
which decomposed on heating (Found; 0=3 77-2; H = 4-2. 
C H2KN5CI requires 0 = 76-7 ; H = 4-6 per cent.). It dissolves 
in concentrated sulphuric acid with a green colour, and dyes fine 
bottle-green shades. 

Further work in this direction is in progress. ' 

Chemtcal Laboratory, 

The University ov Dacca, 

Bengal, India. [Received, May 22nd, 1922.] 


CCGXXL — Esters of the Hydroxyalkylarylamines. 
Part L Acid Sulphuric Esters of the Simple 

M onohjdroxyethylarylamines. 

By Kenneth Herbert Saunders. 

During a research in the latter part of 1920 on the preparation of 
the hydroxyethylarylamines, it was suggested by Prof. A. G. Green 
that the action of sulphuric acid on the alcoholic hydroxy -group in 
these compounds should lead to derivatives of ethyl hydrogen 
sulphate : 

CJI5-NH-C2H4-0H+H2S04 (excess) CeHs-NH-CaH^-O-SO^H-i-HaO. 
(I.) “ (IT.) 

On experiment, it was found that if hydroxyethylaniline (I) is 
dissolved in two to three times its own w^eight of concentrated 
sulphuric acid at the temperature of the steam-bath, in a short 
time a test portion, on addition to excess of alkali, no longer gives 
oily drops of the original base, l^t dissolves to a clear solution. 
The conditions preclude any possibility of sulphonation; which, in 
the case of aniline, docs not take place below 200° with ordinary 
sulphuric acid. The proof that the soluble compound so obtained 
is in fact a sulphuric ester (II) will be sJiowti in the sequel. 

Further study has shown that the reaction is a general one, all 
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hydroxyalkylarylauiines which have been examined giving similar 
sulphuric esters . The reaction is capable of extensive applicatioj^ 
dyestuff manufacture (see Brit. Pat. 181750 of 1922), but it 
proposed to deal here only with the conditions of formation and 
chemical relationships of the simpler members of the group. 
compounds which contain two alcoholic hydroxy -groups present a 
rather more complex case which will be dealt with in a separate 
communication. 

The action of sulphuric acid on various hydroxyethylarylamines 
has up to the present been supposed to lead to one of the three 
types of heterocyclic compounds represented by ^^’diplienylpiper. 
azine, A^-phenylmorpholine, and phenmorpholine. The latter hvo 
were first obtained by Knorr from dihydroxyethylaniline and mono- 
hydroxyethyl-o-aminophenol, respectively (Ber., 1889, 22, 2081 
et seq.), whilst Rindfuss and Harnack (J. Amer, Chem, Soc., 1920, 
42 , 1720) have shown that sulphuric acid, among many other 
dehydrating agents, removes a molecule of water from two mole- 
cules of hydroxyethylaniline, thereby producing -A^-diphenylpiper- 
azine. In all the above work, sulphuric acid has been considered 
purely in the role of dehydrating agent, and the formation of 
sulphuric esters does not seem to have been surmised. Knorr 
(D.R.-P. 05854) si}ecifically claims 70 per cent, sulphuric acid as the 
most efficient for ring formation, but it has been found that long 
heating of dihydroxyethylaniline with monohydrate at 100" produces 
merely a trace of the morpholine. Hence, although there is an 
ever-present tendency for both secondary and tertiary hydroxy- 
ethylarylamines to lose water to form heterocyclic compounds, yet 
by the use of appropriate methods it is possible to produce an ester 
of any arylamine containing a hydroxyethyl group, whether tlie 
arylaminc exists as such or is combined in a more complex form 
such as a clyestiiS or intermediate. Even when ring closure occurs, 
it is extreinelv probable that it is preceded by sulphuric ester 
formation, and in this connexion Knorr’s use of an extremely strong 
hydrolytic agent, 70 per cent, sulphuric acid, is significant. 

All members of this new range of compounds may be naiued as 
derivatives of |3-aminoethyl hydrogen sulphate, but as it is obvious 
that such a system of nomenclature would be difficult for complex 
dyestuffs, it has been proposed to refer to the alkylsulphuric acK 
group attached to nitrogen as th»“ sulphato "group, and the simplest 
member of the series, A-phenyl-P-aminoethyl hydrogen sulphate 
(II), is thus termed “ sulphatoethylaniline.” Similarly, the d\^ 
stuffs which can be derived from such intermediates are referre 
as the “ sulphato " dyestuffs and the process of estcnfymg 
hydroxy-group as “ sulphation.” 
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Xhe process of sulphation can be carried out in several ways, and 
the choice of method depends on such considerations as the use to 
which the product is to be put. 

The first and simplest method, as mentioned above, consists in 
dissolving the hydroxyethylarylamine in strong sulphuric acid in 
such excess that esterification proceeds virtually to completion- 
Under these conditions, all types of compounds do not yield sulphato- 
derivatives with equal ease, and the monohydroxyethylarylamines, 
such as hydroxyethylaniline, require heating at lOO"" with several 
molecules excess of acid to attain entire solubility in aqueous 
alkalis. By neutralising the diluted sulphuric acid solutions with 
alkali or by liming out, solutions of the sulphate -salts are obtained 
which are not convenient starting-points for the isolation of the pure 
esters, as the process is beset with the same difficulties found in the 
attempt to isolate ethyl hydrogen sulphate itself in high yield and 
purity. Such solutions can, however, well be used for producing 
more complex derivatives of the product such as indamines or 
nitroso-compounds, and are easily estimated by titration with 
standard solutions of suitable diazo-salts. 

A second method of arriving at the sulphato- compounds consists 
in acting on arylamines with ^-chloroethyl hydrogen sulphate (III). 
This latter substance is obtained from ethylene chlorohydrin and 
excess of sulphuric acid in exactly the same way as ethyl hydrogen 
sulphate is obtained from ethyl alcohol. In boiling neutral aqueous 
solution, it reacts with aniline, a carbonate being used to neutralise 
the hydrochloric acid produced. 

CgH.-NHg + CH2CI*CH2-0 vS 03H CcHyNH-C^K.-O-SO.H -j- HCl. 

(in.) 

The solution obtained in this way is identical with that produced 
by acting on liydroxyethylaniline witii excess of sulphuric acid. 
Partly on account of the necessity of employing doh 5 rirated etliylene 
chlorohydrin, and also because the yields are indifferent, this method 
is not to be compared for convenience with the previous one. 

The third method available for the production of the suljffiato- 
compounds has the advantage that by its use the simpler sub.stances 
such as ethylsulphatoaniline may be readily obtained in the solid 
state in good yield. Chlorosulphonic acid is used as tlie esterifying 
agent in this case, and may be applied to an hydroxyethylarylamine 
in theoretical proportions either alone, or, better, in solution or 
suspension in a neutral solvent such as tctrachloroethane, wliereby 
the vigorous reaction is toned down and the sulphato-derivative 
obtained direct. 

It is interesting to note that this reaction does not alwa 3 ^s yield 
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the sulphato-compound exclusively; as might be expected, but the 
amount obtained varies widely with different amines from the 
amount required by theory. The explanation appears to be that the 
chlorosulphonic acid plays the dual role of esterifying agent and 
dehydrator, producing the neutral ester (IV) in addition to the 
Bulphato- compound, the amounts being proportional to the relative 
velocities of the two reactions. 


+ CISO3H ->■ CeHs-NH-CsjH^-O'SO^H + Ha. 
CjHs-NH-CjHi-O-SOjH + CeH5-NH-C2H4'OH + CISO3H 




It is intended to make a further study of this side reaction and its 
products in the near future. 

When obtained in the pure state, the simple sulphato-compoundB 
are found to be white solids which can be crystallised from suitable 
solvents, whilst some give sharp melting points at high temperatures 
without immediate decomposition. The monobasic acids of the 
type of sulphatoethylaniline are sparingly soluble in cold water; 
their salts with the alkali metals dissolve very readily, those with the 
alkaline earths not quite so easily. Boiling ethyl alcohol dissolves 
them to some extent, and is the best medium for recrystallisation. 
The presence of the acid radicle in the side chain greatly reduces 
the basicity of the amino-nitrogen atom, so that salts with acids are 
only formed in strongly acid solution, and these decompose on 
dilution or drying. One result of this is that sulphatocthylamlno- 
azobenzene, in contrast to methyl -orange, is useless as an indicator, 
since moderate dilution of the red acid solution changes the colour 
to yellow owing to hydrolysis of the red dye-acid complex. 

Chemically, the sulphate -compounds show reactions characteristic 
of the units of their structure— arylamine and alkyl sulphate. A 
freshly prepared dilute solution of a sulpbato-compound gives 
no precipitate with barium chloride. If concentrated, the more 
sparingly soluble barium salt may be precipitated, but redissolvcs on 
heating. That these substances arc actually sulphuric esters is, 
however, shown by the fact that if the barium salt is boiled for 
long, particularly in concentrated solution, barium sulphate is 
thrown do^vn. Like ethyl hydrogen sulphate, they are- more 
rapidly hydrolysed by acids than by alkalis, the rate with the latter 
being very slow. Apparently, sulpbato-compounds show greater 
.stability in dilute than in concentrated solution, which is the cause 
of the difficulty encountered in crystallising them from w'ater, since 
at the crystallising point hydrolysis occurs and the products con- 
taminate the sulphato-compound. Long-'continned, drastic rea • 
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jneni is necessary to effect complete hydrolysis. In this respect 
they differ most markedly from the members of another aeries of 
substances to which they bear a resemblance, namely, the arvl- 
ammomethane'(u-8ulphonic acids obtained by acting on arylamines 
^th formaldehyde- bisulphite. 

Further proof of structure is found in the coupling of sulphate- 
compounds with diazo-salts in the para-position to the sulphatoethyl- 
aroino-group, a position which would not be occupied if sulphonation 
had taken place. In all such reactions as the formation of nitroso- 
compounds, indamines, etc,, the sulphatoethylarylamines behave 
like the analogous simple alkylarylamines. 

Experimental. 

^-Phenyl^^-amirwethyl Hydrogm Svlpkah (“ Sulphatoethyl 
aniline'’) (Formula II).-~(a) Hydroxyethylanilino (68*5 grams), 
dissolved in 150 c.c. of tetrachloroethane cooled with ice-water' 
was slowly treated with 58*0 grams of distilled chlorosulphonic acid 
with strong stirring during a period of fifteen minut es. The sulphate- 
compound at once separated as a granular mass, which was stirred 
for some hours, eventually being warned to expel the last traces 
of hydrochloric acid. The solvent was filtered off, the. residue 
thoroughly pressed, and the remainder of the solvent removed by 
stirring with 100 c.c. of methylated spirit. The yield of dry sub- 
stance amounted to 100 grams (92 per cent, of theory). 

For analysis, the substance was twice crystallised from alcohol, 
in which it is soluble to the extent of about 5 per cent, at the boiliim 
point and 1-2 per cent, when cold. The crystals are colourless 
rectangular lamhiaj, m. p. 206“ (Found: 8 = 14-69; N = 6 * 35 ' 
CgHj^O^NS requires S = 14*74 ; = 6-45 jior cent.). 

In order to prove that all the sulphur is combined as the sulphuric 
ester, a weighed quantity of the substance was hydrolysed with 
boiling dilute hydrochloric acid, and the sulphur weighed as barium 
sulphate (Found ; S = 14*69 per cent.). 

In aqueous solution sulphatoctliy] aniline roads with hypochlorites 
givmg colour reactions which vary with the temperature and con' 
centration. It decolorises bromine water, Imt docs not react witli 
copper sulphate. 

{b) Hydroxyethylaniline (13*7 grams) was dissolved in 27 grams 
0 concentrated sulpliuric acid and heated for one liour on the 
8 eam-bath. A drop of the soliit ion w\as then found to be completely 
so ubio lu caustic soda. On pouring into 100 grams of ice and water 
™ adding 100 c.m of saturated salt solution, a white precipitate 
so tained. This was collected an4 dried, and weiglicd 4*3 grains, 
was analysed by conversion to the barium salt and estimation of 



2672 SATJBDERS : ESTERS OF THE HYDBOXYALKYLABYLAMINes, 


the ratio between the figures given by the chromate and p-nitro. 
benzenediazonium chloride titres (Callan and Henderson, J, , 5 ^^. 
Chem. Ind.y 1919, 38, 410t) (Found ; ratio diazo-titre/barium = 
4*131. Theoretical ratio 569/137 = 4*154). 

The remainder of the sulphatoethylaniiine was found in the 
filtrate from which the solid had been separated, since sufficient 
basic properties are retained for it to be soluble in strongly acid 
solution. This solution can be employed, without isolation of the 
product, for the preparation of azo-derivatives, etc. 

(c) A solution of 12 *5 grams of the barium salt of ^-chloroetiyl 
hydrogen sulphate was heated under reflux with 5*4 grams of barium 
carbonate and 5 grams of aniline for three hours. The corresponding 
action between aniline and ethylene chlorohydrin is practically com- 
plete in this time, but in this case there remained much undissolved 
carbonate. The mixture was filtered, the excess of aniline boiled 
away, the hydroxyethylaniline produced by hydrolysis was ex- 
tracted with ether, and the solution analysed as above (Found: 
ratio diazo-titre/barium = 3*908). The total amount in solution 
showed that the reaction had proceeded to the extent of 37 per cent. 

It appears from this and other experiments that the chlorine in 
p-chloroethyl hydrogen sulphate is more firmly fixed than in ethylene- 
chloroliydrin. The rate of reaction with aniline is only a trifle greater 
than the rate of hydrolysis of the .sulphato-derivativo produced and 
hence the yield is not increased by boiling for many hours, the final 
products of reaction being barium sulphate and chloride and 
hydroxyethylaniline. 

Rate of H ydrolys is. ^Oxi account of the relationship of sulphato- 
ethylaniiine to ethyl hydrogen sulphate, it was of interest to 
determine its stability to hydroljlic agents, (a) Stability to acids. 
The following are the velocity coefficients (fc X 1000) which have 
been determined, using hydrochloric acid. The amount of decom- 
position was estimated volumetrically and the values of k found 
are those for a imimolecular reaction. 

Concentration of sulphatoethylaniiine and hydrocliloric acid, 
bothA/5. 


Temperature 70°. 
Time (rains.). /.% 
120 0-14S 

180 0 12f) 

240 0-112 

3G0 0-103 


Temp, of gently boiling solution. 


Time (mins.). 

125 2-013 

242 2-043 ■ 

365 2-122 


(b) Stability to water alone. When heated alone in aqueous 
solution, sulphatoethylaniiine was found to hydrolyse, but not so 
quickly as in the presence of^ hydrochloric acid, and very slot^ly 
^low the boiling point of the solution. 
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Concentration of sulphatoethylanilino NjH. Temperature of 
gently boiling solution. ^ 


Time (mins.) 
li 


30 

0-371 


120 

0-381 


185 

0-354 


215 

0-348 


365 

0-350 


(c) StabiUty to aUraHs It was found that when a solution of the 
sodium salt of sulphatocthylaniline of iV/5-concentration was heated 
at 70’ with caustic soda, either of A 75 . or dlV/d-concentration 
practically no hydrolysis had occurred even after five hours ’ 

In a more drastic experiment, 2-271 grams of the sodium salt 
were heated in a dish with 3 molecules of caustic soda for an hour 
Hydrolysis had occurred to the extent of 20-4 per cent, in the semi- 
solid mass which remained. 

Salh.-U ail properties these salts bear a close resemblance to 
those of ethyl hydrogen sulphate. 


Salt. 

Sodium 

Potassium .. 

Alramonium 


Appearance. 
Colourless leaflets 


M. p. 132° 


Solubility (approx.). 

Grams per Water of 
100 c.c. of crystallisation 
solution at 15®. (mols.). 

60 One 

None 

"^0 None 


Hydrogen Sulphate (“ Sulplmiodhulo- 
lomd,ne ), C,H,Me-NH-C,H,-0-SO,H. -This compound was 
obtaiimd in somewhat lower yield by acting on hydroxyethyl-o- 
toluichne under the conditions described in (a) above. It rc.sembies 
sulphatoethylaiulme very closely and crystallises in the same form 

m. p. 203’ (Found : S =. 13-78. CsH^jO^NS requires S 13-86 
per cent,), 

Hi/drogen Sulphate (“ Sulpkaioetkyl 

clhyhmhne"), CeH,-NEt-C,H,- 0 -S 03 H.-Hydroxyetliylethyla,dl. 

io A dissolved in 100 c.c. of tetrachloroethane 

and 58'0 grams of pure distilled chlorosulphonic acid were dropped 
m during ^teen minutes with ice cooling and rapid agitation, 
ydrogen cWondc was given off, and a clear, viscous oil resulted, 
n one experiment this oil was kept after dilution vith alcohol when, 
cr severa days, beautiful, white crystals of the sulphato-com- 
pound were deposited, but in smaU yield. It was found that by 
varmmg the oily mixture the reaction was rapidly completed, the 
!nlf 1 °‘'-'’®'Pound separating in hard granules. These were 
ellccted, washed with alcohol, and dried. The yield amounted to 
per cent. 

“ystallised from alcolwl had m. p. 208’ (Found: 

• ^toHu^ 4 NS requires S = 13 06 per cent.). 
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N-p-^t>osopAen7/Z-N-ei%/-p-ami7i£)ei^t/Z Hydrogen Sulphate, (‘‘p. 
Niirososulphaioethylethylaniline ”), NO*CgH4*NEt’C2H4‘O*S03H.-^ 
Twelve grams of sulphatoethyletliylaiulino were dissolved in 50 c.c, 
of ^-caustic soda, with addition of 3-5 grams of solid sodium nitrite. 
Ten c.c. of concentrated hydrochloric acid were added slowly, the 
temperature being maintained at 0 — 5®. The nitroso-compoimi 
separated as a dark green precipitate which, when collected and 
dried, formed a dark green dust, decomposing at 170 — 180'^. I’h^ 
yield amounted to 10-2 grams (Found : S = 11-37. 
requires S — 11*68 per cent.). 

This substance can be readily reduced, best in alkaline solution 

giving a^-sulphatoethylethyl-p-phenylenediaminc. 

Sulphatoethylcthylaniline can also be produced from sulphuric 
acid and hydroxyethylethylaniline in the manner described for 
cthylsulphatoaniline. The solution so obtained can be used directly 
for the production of the above nitroso-derivative without isolation 
of the sulpha to -compound. 

'H-Phenyl-'N‘metkyl^-aminoethyl Hydrogen Sulpkite C Sulphaio^ 
ethylmethylaniline ”), CgH^’NMe *02114*0*80311. — ^When hydroxy- 
ethylmethylaniline was acted upon by chlorosulphonic acid in tetra- 
chloroethane solution, a viscous, yellow oil separated. On separating 
the oil and stirring with alcohol, a portion crystallised. The crystals 
were collected and recrystallised from 100 c.c. of alcohol. The yield 
amounted to 32 per cent., the remainder being an oil believed to he 
the neutral ester. The crystalline sulphato-compound has m. p. 193° 
(Found : S = 13*86. CgHi304NS requires S = 13-82 per cent.). 

Sodium H ‘Phenyl-'^ -benzyl’^-aminoeihyl Sulphate {Sodium Salt 
of “ Sulphatoetkylbenzylaniline ”), CH2ph*NPh*C2H4*0*S03Na.— 
From the reaction product of hydroxycthylbenzylaniline and chloro- 
sulphonic acid only a minute amount of a solid melting at 230—231° 
was isolated. 

When 7 grams of hydroxyethylbcnzylanilinc were heated for an 
hour at 95"° with 13 grams of concentrated sulphuric acid and the 
mixture poured on ice, a viscous oil separated. This was dissolved 
in hot dilute caustic soda and, on cooling, shining crystals of the 
sodium salt separated in high yield. For analysis, this was reerjs- 
talliscd from hot water. The product was air-dried and found to 
contain two molecules of water of cry*staltisation. When la^ated 
at 100“°, the salt sinters to a waxy mass (Found : in anhydrous 
salt, S = 9-90. Ci6Hi504NSNa requires S -- 9-73 per cent.). 

On adding acid to a solution of this salt, a viscous solid was obtained 
which appeared to be the free acid. 

H-m-Nitfophenyl-^^aminoethyl Hydrogen Sulpholc { Sidpiojo 
tlhylm.nilroanxlinc"), NOj-CsHi-NH-C^H^-O-SOsH.-On acting 
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18 grams of hydroxyethyl-w-nitroaniline {m. p. 41"^, from ether), 
dissolved in 100 c.c. of tetrachloroethane, with 11-6 grams of chloro- 
sulphonic acid, a cream-coloured solid separated. It was collected, 
pressed, and crystallised from 160 c.c. of alcohol, 10 grams of stout, 
needle-shaped crystals being obtained which melted at 203® with 
decomposition (Found : S ~ 12-39. CgHujOgNgS requires S = 
12-21 per cent.). 

The acid, which is of a pale cream colour, dissolves in alkahs to 
give a deep orange solution when concentrated, the salts crystallising 
readily in pale yellow crystals. The nitro-group can be reduced 
easily by warm alkaline hyposulphite to give flw-sulphatocthyl-m- 
phenylenediamine. The acid also combines with one equivalent 
of w-nitroaniline to give a well-defined salt, stable in acid solution, 
melting at 206® and crystallising from alcohol in large, pale yellow 
lamin® (Found : S = 8-17, CijHjg 08 N 4 S retires S = 7-99 
per cent.). 

'^-^-Chlorophmyl-fj-aminodliyl Hydrogen Sulphate (“ SulpJuUo- 
eiJiyl - p - chloroaniline ”), CgH 4 ChNH*C 2 H 4 - 0 *S 03 H. — Hydroxy- 
ethyl-p-chloroaniline (m. p. 77-5®, from alcohol) was acted on by an 
equivalent quantity of chlorosulphonic acid exactly as in the pre- 
ceding case. The crude product formed a stifi, white, crystal mass. 
It was crystallised from 260 c.c. of alcohol, giving beautiful, white 
needles, ni. p. 217® with decomposition (Found : S 12-90. 
CgHigOiNClS requires S ~ 12-7 per cent.). 

^-oL-Naphthyl-^-amiTwethyl Hydrogen Sulphate (“ Sulphatoethyl-oi- 
mphihjlamine. ”),CjoH 7 *NH* 02 H 4 ’ 0 *S 03 H. — 18-7 Grams of hydroxy- 
ethyl- a-naph thy laminc were sulp hated in 50 c.c. of tetrachloroethane 
with 11*6 grams of chlorosulphonic acid. The product separated at 
once and weighed, when dry, 21 grams. A sample was crystallised 
from alcohol, in which it is only very sparingly soluble, and the 
resulting crystals melted at 234® with decomposition (Found : 
S = 11-83. C 12 HJ 3 O 4 NS requires S == 11-99 per cent.). 

The author is indebted to the British Dyestuffs Corporation, 
Ltd., for permission to publish these results. He wishes also to 
record his thanks to the Director of Research, Professor A. G. Green, 
F.R.S,, for his interest and guidance in the work and to Mr. F. W. 
Carpenter, of the research staff, for a supply of hydroxyethyl- 
methylanilinc, hydroxycthylethylanilino, and hydroxycthylhcnzyi- 
anilinc. 

The Research Laboratories, 

The British Dyestuefs ConroRATiON, Ltd,, 

Blackley, Manchester. [i?cccii'cd, August 1922,] 
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CCCXXII— r/i€ Conditions Underlying the For7nation 
of Unsaturaled and Cyclic Compounds from Hah- 
genated Open-chain Derivatives. Part V. Products 
derived from a-Halogenated p-Methylglularic Adds. 

By Christopher Kelk Ingold. 

In Part I of this scries (T., 1921, 119, 305), the suggestion was 
that the angle between any two valencies of a carbon atom iy 
determined by the atomic volumes of the four groups attached. 
Prom this hypothesis it followed that the carbon valencies of an 
unstrained jiolymethylene chain are inclined, not at 109*5'’ as 
Baeyer's theory rec^uires, but 115‘3°, and a means was thus found 
of accounting for the small tendency to the formation of cydo- 
butane rings, thfc similar stabihty of eyeZopentane and cycZohexanc 
rings, and the marked effect of tw^o alkyl groups attached to the 
same carbon atom in promoting the formation of three-, four-, 
and five-membered homocyclic rings. It is proposed now to 
examine the effect of a single alkyl group on the ease of closure of 
these rings. 

Adopting the method of calculation previously employed, it is 
seen that a carbon atom attached to three carbon atoms and one 
hydrogen atom is to be represented by an irregular tetrahedron 
having three planes of symmetry : 

2<t> o>C<c ^ 29 

If V and V arc the atomic volumes of carbon and hydrogen respec- 
tively, the three longer edges of the tetrahedron will enclose a face 
and be proportional to 2VK whilst the three shorter edges wiU 
meet at a vertex and be proportional to Pl -f il. The angle, 2^, 
betw*een two carbon-to- carbon valencies, and the angle, between 
a valency attaching carbon and one attaching hydrogen to the central 
carbon atom wiU then be given by the following pair of equations: 

yi (cosee 0 - cot 2^ - 1) + (- -f 2nri P # 

and 2 sin = ^3 sin 2</. 

of which the solution for 6 is 

, v\ V - Id + 6( btOi d' 3f5 -h 

cosee Z? ^ t ' |'J - .Vi 

This equation leads to the value 29 — 112’5^ that is, slightly 
more than the arithmetic mean between the values of the cones 
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ponding angle in an unaubstituted and in a (/em-substituted 

polymethylene chain. 

^ The purpose of this paper is to institute an experimental com- 
parison between glutaric acid, [i-methylglutaric acid, and p^-di- 
inethylglutaric acid with respect to the manner in which the ease 
of their transformation into cyclic structures by the interaction of 
substituents attached to the two acetic acid residues is conditioned 
by the angles represented in the following formula : 


(Tf 


CHs'COaK 


(h) 


.CH^-COoH 

(11.) 




/CH2-C0.,H 

109^5° 

^CH.*CO.dI 

(III.) “ 


It has been shown in preceding parts of this series that one method 
of obtaining information regarding ease of ring formation from 
substituted glutaric acids consists in treating their a-bromo- 
derivatives wdtli alkalis under carefully standardised conditions, 
when eyc/opropane ring formation takes place in competition with 
hydroxylation. The latter process is a side reaction which appears 
suitable as a standard of reference in estimating ease of ring 
formation, for it occurs with about the same facility in all the 
bromoglutaric acids hitherto investigated, so far as can be judged 
from experiments conducted under a second set of standard 
conditions chosen in such a way that ring formation becomes 
inconsiderable and hydroxylation the principal reaction in all cases. 

The action of alkalis on the a-halogen derivatives of glutaric 
acid itself, under the tw^o sets of standard conditions which have 
been used throughout this research, wus described in Part I, and 
the general conclusion w'as drawm that whereas witli dilute alkalis 
(conditions A, T., 1921, 119 , 21 S) almost the whole of the material 
undergoes the side reaction giving the hydroxy- acid (IV), along 
with a few units per cent, of the c/yr/opro]>ane acid (V), when con- 
oontrated alkalis arc used (conditions B, //./W., p. 210) 47 per cent, 
of the nyr?opropane acid is prodiuunl ah mg u illi some liydroxy-acid 
and traces of glutaeonic acid (VI). 


^CH(()H)>( TTdT 
“ PHvCOJI 
(IV.) 


(\l< 


CH-COJl 

Cll-iVUl 

(V.) 


CTb 


VH-('0.rH 

(VI) 


It Cjuickly became clear, when the investigation w\a.s extended to 
i^-methylglutaric acid, that tlcrivativos of thi.s substance exhibit 
a markedly increased tendency to yield derivatives of cyclopropane. 
P-Methylglutaric acid is readily monobrominated in the form of its 
acid chloride, and the product, on pouring into ethyl alcohol, gives 
the neutral ester (VII), unaccompanied by any appreciable amount 
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of acid ester (distinction from pp-dimethylglutaric acid). Bibrom. 
ination gives rise to a mixture of two esters, both of which 
however, are aa'-compounds represented by formula (VIII). 
this case also, only traces of acid esters are produced. 


(VII.) 


CHMe< 


CHBr-COgEt 

CHa'COaEt 


CHMe<C 


CHBr-CO^Et 


When ethyl a-bromo-p-methylglutarate was treated with dilute 
alkalis (conditions A) the main product was “-hydroxy, fi-methyh 
glutaric acid (IX), which was isolated in the form of its lactone in 
90 per cent, yield, along with a small amount (which could not be 
exactly estimated owing to the character of the separation) of the 
methylcyc/opropane acid (X). On the other hand, when con- 
centrated alkalis were used (conditions B) only 10 per cent, of the 
hydroxy-acid was formed, the product consisting mainly of the ring 
acid (X), together with a moderate amount of the normal form of 
p-methylglutaconio acid (XI) : 


CHMe< 


CH(0H)*C02H 

CH^-COgH 


(IX.) 


CHMeC^ 


H-CO^H 

H-CO^H 


(X.) 


CH'CO^H 


(XI.) 


In addition to these compounds, certain others were isolated, 
the production of which must be ascribed to consecutive rather 
than to simultaneous reactions. The principal one of these was 
niethylparaconic acid (XIV), evidently formed through the fission 
of the cyclopropane ring of the acid (X) to give methylitamalio 
acid (XII), which passes into its lactone on acidification of the 
solution. A portion of the itamalic acid, however, evidently 
undergoes dehydration in another direction, for methylitaconic 
acid (XV) can be isolated in small amount. Another by-product 
was ethylmalic acid (XIII). This must be formed by fi.ssion of 
the ring-acid by the addition of water in reverse direction to that 
w'hich obtains in the formation of methylitamalic acid. The 
reaction which leads to methylitamalic acid has a number of well- 
known analogies, as, for instance, the formation of terebic acid 
from caronic acid, but the other mode of fission, leading to ethyl- 
malic acid, is so far without parallel, either in the case of the ryc/o- 
propane acid derived from glutaric acid, or in any of the ring adds 
derived from the ^[i-dialkylglutaric acids which have been inves- 
ligated up to the present time in this laboratory ; it may be peculiar 
to the arrangement of tertiary carbon atoms present in tlie molecule 
of the ring acid (X), and in similarly constituted compounds derived 
from the p-monoalkylglutariciacids. The relationship between the 
various fission products may be expressed as follows : 
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(^Hg-COaH 
.r CHMe(0H)-CH-C02H 
(XII) 


CH(OH)‘COaH 

CHaMe-^H-COjII 

(XIII.) 


CIL-io 


(JHMe-iH-COjH 

(XIV.) 

CHj'COjH 

CHMelCH-COjH 

(XV.) 


Turning to the quantitative aspect, it is to be noted that, as in 
certain instances previously described, it was not found possible to 
ccount for the whole of the material owing to difficulties attending 
complete separation, which w^ere particularly great in the present 
case because the principal product and one of the by-products 
were liquid acids. The following figures, however, represent the 
result of the best experiment, and were obtained by employing 
considerable amounts of material. It may be added, with regard 
to the deficit of 19 per cent., that all the products, before weighing, 
were subjected to rigorous purification, during which small losses 
of material were practically unavoidable, so that when count is 
taken of the number and character of the processes involved it 
would seem improbable that any by-product of importance has 
been overlooked. 


Table I. 

Per cent. 

Lactone of a-hydroxy-|3-methyIglutaric acid 8 

Normal O-methylglutaconic acid p 

CW' and Iran«-3-MethylcycZopropanc-l : 2-clicarboxylic acid 53 

Methylparaconio acid p 

Methylitaconic acid * • ■ 

Ethyimalic acid 

Total identified = 81 


• Part of this was isolated oa meibykitraeonic acid (ethylmaleic acid), 
into which it was converted during the separation processes. 


In order to vender complete Ihe comparison which forms the 
subject of this communication, the aelion of concentrated alkali on 
ethyl a-bromo-(3^-dimetliylglutarato was examined more carefully 
than heretofore. Kighty-eight per cent, of the material was 
accounted for as follows : 


TABr.E II. 

Lactone of a-hydroxy-j3fl-dimethylgIutarie acid 

(rajw-Caronio acid - 

cw-Caronic acid ! 

Terebic acid 


Per rent. 

4 

58 

22 

"4 


Total identified = 88 
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The small yield of the liydroxy-acid (XVI) and the large 
the stereoiso meric ring- acids (XVII) are especially noticeable here 
Terehic acid (XVIII) is the normal fission product of caronic acid 
but its production in the presence of alkalis has not previousiiY 
been observed. 


(XVI.) 


CMc2< 


CH*CO,H 


^ CH'COgH 

(XVIL) 


O'CO-CH, 

CMe^-CH“co,H 

(XVIII.) ' 


In computing these results for the purpose of arriving at an 
estimate of the relative tendencies towards ring closure in the three 
series, we are entitled to count, in place of each fission product of 
a ryc/opropane acid, an equivalent amount of the ring- acid from 
which it is derived. Dealing in this w^ay with the data of Tables I 
and IT and the table given in Part I (foe. cif.), we obtain the folloffina 
result : 



Table HI. 





Derivatives from 


Glutaric 

3-Methyl. 



acid 

glutaric acid 

glutaric acid 

Products. 

(per cent.). 

(per cent,). 

(per cent.). 

a-Hydrox>'glutaric acids .. 

16 

8 

4 

Glutoconic acids 

3 

9 

0 

cyc/oPropane acids 

47 

64 

S4 


66 

SI 

US 


The rather considerable yield of p-methylglutaconic acid is 
worthy of notice at this point. Ethyl a-bromo-p-methylglutarate 
has previously been converted into p^-methylglutaconie acid by heat- 
ing wdtli diethylaniline, distilling, and hydrolysing the appropriate 
fraction of a somewliat complex product (Darbishire and Thorpe, 
T., 190o, 87, 1714). The. greater yield of (^-mcthylglutaconic add 
oldained in llio present ex|HTimonts, as compared with the yield of 
gintaoonic aeul derived from ethyl a-hromoglutarate, is evidentlv 
an iiuliealum of Hie lability of tertiary liydrogen as compared with 
secondary hydrogen in an otlierwisc similar .situation: for tlic 
ligures show' that the tertiary ^-hydrogen atom of p-iueihylghitaric 
acid sufTers elimination along with t he a-bromine !Ltom much more 
easily than tlie secondary fj-hydrogen atom of glutaric ackl despite 
the fact tiiat two hydrogen atoms are available in the second ease. 
The oxidatio]! of p^-?.sopropylglutaric acid (XIX) to terpcnvlic acid 
(XX) (I^wrenco, T., 1899, 75, nol), and the chlorination of 
amvl chloride to give, as pyncipal product, the dichloride (XXI) 
(\V H. Perkin, J. .Soc. rh^m. fvd, 1912, 31, 621) are instances 
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f tflTO other types of reaction to which the tertiary hydrogen atom 
'ppears to be peculiarly susceptible. 

XiX.) CHMej-CHlCHj'COaHla -> 

™3>CC1-CH2'CH2C1 (XXI.) 

Regarding the cyc/opropane acids, it is evident that the formation 
)f glutaconic acids in two of the cases constitutes a side reaction 
hich is in no sense standard, and therefore must be viewed, when 
'oiisidering the relation bet^veen hydroxylation and ring-formation, 
Qierely as a means whereby a certain quantity of material has been 
• put out of action,” The following table shows tlie proportions 
jf hydroxylation products to ring-acids calculated as percentages 
3 f the material identified as having passed into one or other of 
these two forms ; 

Table IV. 

Derivatives from 

S-Methyl- pjS-Dinicthyl- 
glutaric acid, glutaric acid. 
11 5 

89 95 

100 100 


C lutaric 
acid. 

Hydroxylation -2 

Ring-formation ' *> 

100 


CMc2*CH‘CH2-C02H . 
0‘C0*CH2 


These figures show in a singularly clear manner the cfiect of intro- 
ducing one and then a second ^-methyl group into derivatives of 
glutaric acid on the ease of their transformation into acids of the 
ci/cZopropane series. 

The comparative examination of the dibromination products of 
these acids has yielded interesting results. Glutaric acid gives a 
mixture of two stereoisomcric ax'-dibromo-acids (XXII) (m. p. 
170*^ and 142'^, respectively), the less fusible acid constituting about 
two-thirds of the mixture. These substances arc converted by 
boiling dilute alkalis into the coiTesponding oca'-dihydroxyglutaric 
acids (XXIII), which, on heating, pass into luonolactone acids 
(XXIV) : 

njr ^CHBr-COgH /CH(OH)-C02H ^CH(OH)— CO 

(xxn.) ^ 

[ 7n«^o-form 

I racemic form 

P-Methylglutaric acid also gives a mixture of two stereoisomcric 
dibromo-acids (XXV) (m. p. 154 and^llS'", respectively), the less 
fusible acid forming about two -thirds of the whole product. The 


(XXIII.) 

7n«50-form 


^ 

(heat) 


(XXIV.) 
ininS’form ] 
ci’5-form { 
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less fusible substance .on. treatment with sodium carbonate gives ^ 
dihydroxy-acid (XXVI), whilst the more fusible form passes into 
a mixture of isomeric dihydroxy-acids, one of tvhich is the compounc[ 
derived from the less fusible dibromo-acid. These substances 
exhibit in a striking way the increasing tendency towards ydactone 
ring formation which one meets on passing from the glutaric acid 
series to the p-methylglutaric acid series and thence to the ji|^-di, 
methylglutaric acid series. The two aa'-dihydroxyglutario acids 
mentioned above arc moderately stable substances : one of theia 
passes into its lactone at the melting point (162°), and the other 
at temperatures above 100°. On the other hand, the aa'-dihydroxy. 
P- methylglutaric acids arc exceedingly unstable; one of them, 
indeed, can be isolated, but it passes into its lactone (XXVll) on 
keeping at the ordinary temperature ; the other dihydroxy-acid 
has not been isolated in tlie free state and all attempts to obtain 
it by regeneration from its salts have proved fruitless owing to 
the ease with which the free acid undergoes lactone formation : 


CHMe<CHBr-CO,H CHM6<®(OH)-(^0 

^CHBr-COaH ^CH(OH)-COjH CH(C0jH)-0 

(XXV.) (XXVI.) (XXVII.) 

»8,C0, ^-foim onksepiBg ^ X-(orm | 


1 i4-fonn 


B-form 



Xa,CO, 


[B-form] 


[cannot he isolated) 


inatinUneouBljr 


B-forrn 


(Non-committal prefixes are used in connexion with these isomeridcs, 
because it does not seem possible to assign definite configurations 
on the basis of the evidence brought forward in this paper.) 
The tendency to y-lactone formation is even greater in the 
dimethyl series. Boiling water converts aa'-dibromo-p^-dimethyl- 
glutaric acid into its lactone (XXVIIl), which on treatment with 
sodium carbonate gives, in place of the dihydroxy-acid, the extremely 
stable hydroxy-lactonc (XXIX), isolated by Perkin and Thoqie 
(T., 1901, 79, 756) : 




' XH(C02ll)‘0 
(XXVIIl.) 


(Nisi.'O,) 


^CH(OH)— I 
CH(G02H)-( 
(XXIX, ) 


CMOn 


The action of alkalis un the methyl and ethyl esters of aa-df 
bromo-p-mcthylglutaric acid follows an interesting course. In the 
first place, it must be noted that dilute sodium carbonate 
mainly hydroxylation product accompanied by about 12 per cent 
of the bromocyc/opropane ^cid (XXX), which, on contmue 
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treatment with the same reagent, yields the hydroxy-ring acid 
(XXXI) : 


(XXX.) CHMe< 


Br-CO^H 

H-COaH 


• y 

(Na,CO,) 


CHMe<9(OH)-CO 

2^ (XXXI.) 

CH*C02H 


Thus the action of sodium carbonate on the dibromo-esters of 
methylglutaric acid is closely similar to its action on corresponding 
derivatives of glutaric acid. In the glutaric acid series, however, 
it was not found possible to produce the hydroxy-ring acid by the 
action of concentrated methyl alcoholic potassium hydroxide on 
the dibromo-ester ; the actual product of this decomposition con- 
sisted to the extent of 70 — 75 per cent, of a-ketoglutaric acid, the 
formation of which was explained aa follows : 


„ ^CHBr-COgEt 
^'^CHBrCOaEt 
^C(0H)-C02H 
'^CH'COoH 




.r-CO,H 


CH. 


PIT /CO-COaH 


jSliice each stage of this series of changes can be carried out separately 
by suitably adjusting the conditions, there seems to be no room for 
doubt that the above scheme correctly represents the course of the 
process. As in the mcthylglutaric acid series, changes corresponding 
with the first two are known to occur in the presence of dilute 
alkali, and as the third change is precisely analogous to a reaction 
in the diethylglutaric acid series recently described by Deshapanda 
and Thorpe (this vok, p, 1430),* 


^C(0H)*C02H 

^CH*C02H 


CEt2 


CEt2< 


CO-COaH 
CH 2 -c 62 H ’ 


it seems at first sight very singular that no trace of any kelonic acid 
could be found in the product of the action of concentrated alkalis 
on the dibromo- ester of mcthylglutaric acid. Apparently the 
single methyl group and the adjacent tertiary hydrogen atom are 
responsible for this change in the course of the reaction, the h 3 'droxy- 
ring acid (XXXI) undergoing fission at the neighbouring bond to 
give a hydroxy. lactone (XXXII), which, along with a methoxy- 
ring acid (XXXIII), constitutes the major portion of the jdeld. 
In addition, llie product contained a few units per cent, of an 
urisaturated ring acid { XXXIV), which Feist first prepared by 
the action of alkalis on ethyl bromoiisodehj'dracctatc {Bcr., 1893, 


* There is, to date, cvidenco of tho occurrence of this of change in 
two other series, namely, tho jS^-dimcthylglutaric and tho e*uiethyl-j3'ethyl* 
glutaric acid series. * 
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26, 747), and a small amount of the hydrosylation pruducts 
previously mentioned. 

O-CO-CH-OH o-V CMe<9H-C0,H 

(XXXII.) <™-' 

The constitution assigned to tli^ scries s ^ that 

which i'eist originally gave to it, b’fwo aa' ^l^ich a detailed 
investigation of the substance (shortly .. • oe published) has led. 
The formation of this substance is strictly ■ idogous to the formation 
of ! 3 -methylglutaconic acid from the r .obromo- ester, and the 
fact that isolablo quantities arc produ although none of tho 
corresponding c^/eZopropene acid (Farm and Ingold, T., 1921, 
119 , 2015) could be obtained from thtSC bromo-ester of glutaric 
acid is in complete harmony with wh I : as written on p. 2680 
regarding the tendency to elimination the tertiary hydrogen 
atom of [i-methylglutaric acid. ( 

It remains to be added that the cdm’ .ution of the hydroxy- 
lactone (XXXII) was proved by the f. m tion of ethyhnalic acid 
and ethylsuccinic acid on reduction : ;nt 


0-CO*(^H*OH 

CHMe-CH-COoH 


CH(OH)*(. 

CHaMc-CH-COaH ^ 
E X P E n I M E N ‘ 


CH^-CO^H 

"CH„lMc-CH'CO.H- 


The 3 -methylglutarie acid required these cxperimeiite jas 
obtained by hydrolysmg tho condensat ^ 'product of “eWdeh)* 
mth cyaiioacetamide as described by and Thoipe (i., 19.0, 
117,1469). t 

Jloitohalofjciialioii of p-- th yhjlularic Acid. 

A mixture of ;j-metbylglutarie acic tOO grams) and thiomi 
chloride (800 grams) was warmed until i 
generated. The product was kept at 
(460 grams) was added in small port 
absorption. 

MethyU^bromo-{i-meikylghdaraie, C02^ - 

was prepared by pouring the crude bron-- at.on product into ^ 
alcohol and eoUeeting in ether after aef dion of water. T^e ^ 
acid products havmg been removed with aqueous sodmm a bon 6 
the extract was washed with water, dried, and cv^P «t d- ^ 
residual oU being carefully fractionated to 

of unbrominated and dibrominated esters .-onsnn. 

the monobromo-ester was obtained as an oil, b. p. 1« 

(Found : Hr = 31'o. t 


Qorc sulphur dioxide was 
-55° while dry bromine 
to keep pace with the 

)HBr'CHMe'CHo*COJe, 


3 (),Br requires Br = 3l\G per cent.). 
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^ihd a-hromo-^-methPolutarate (VII) was prepared like the 
(imff ester, ethyl a I being used in plaee of methyl alcohol, 
ifboilcd at I6O7II m - 2 '^Foimd : Ur := 28-8. Calc., Br = 28-5 
cent). This ester's^ been described previously (Darbishire 
and Thorpe, loc. cit.). 

losely sii^^ CO,Me-CHI-CHMe-CH,-CO,Me. 
^Xhe methyl bromo-e& t e) was digested for two hours with 
alcoholic suspension ■* n equivalent quantity of finely divided 
sodium iodide. The oil^ oduct which separated on pouring into 

■ ' and purified by distillation. It boiled 

mnd : I — 42-2. 


^vater was collected in e1 
at 180^/12-13 mm. 

1 = 42-3 iJer cent.). 

EiJiyl a-rodo-{i-wef^ 
jbtained from the eth^ 
odidcasinthe preceding 


[ = 38 - 3 . I 


^'ilaratei 

fil, ’omo-ester by the action of sodium 
rry, boiled at 109 — 200 “/lO mm. (Found : 
38-7 per cent.). 

(B .) — Dihdogi oj ^-Melhylglutaric Acid. 

The dibromination w. tfa^ )nducted like the monobromination 
Cicept that twice the pre 
operation conducted at 
being poured into formic 
into ethyl alcohol. 

oiu.'-Dibronwi^-meihylgli' ; Acid (XXV, A form). — The formic 
acid solution wi’^s boiled il the evolution of gaseous products 
ceased, and then^ cooled, H en a considerable proportion of the 
d'dibromo-acid crystallise I The formic acid solution was evapor- 
ated and the .solid rL'*idue 'Warned from a trace of strongly coloured 
syrup. The cr^^stals wer r>,^en boiled with just enough benzene 
to cover tlicm completely, jled, shaken for a fev' inomeuts, and 
the undhsolvcd material lected on a filter and washed with 
knzcnc. The washed cry '.s, along witli the crop obtained from 
le fovuiic acid ■solution, ' purified by ctystallisation first from 


on of bromine was used and the whole 
[ F. The product was divided, part 
' d, part into methyl alcohol, and part 


I mixture of ctliyl acetate chloroform and then from a mixture 
)f ethyl acetate and benze The .I-dibromo-aeid separates from 
;hese solvents in prisms, m. . 153 — 154'\ which appear very dense 
md strongly refracting. 1. i fairly soluble in cold ethyl acetate, 
sold formic acid, or hot clilorofurm, sparing]}* soluble in cold chloro- 
form or in hot benzene, almost insoluble in cold benzene, and very 
soluble hi methyl or ethyl alcohol, acetone, or hot ethyl acetate. 
The jdeJd of pure acid was about 55 per cent, of the theoretical 
(Found : Br = 52-3. CsHgOiBr^ requires Br — 52*6 per cent,), 
i ’^^'■Dibromo-^-mcihglglui-aric acid (XXV, B form). — The benzene 
pother-liquors obtainod in the above preparation deposited a 
VOL. exxu 4 Y 
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considerable quantity of the B-acid (which separates from solution 
much more slowly than the A-acid) on keeping for twenty-fou, 
hours, and a further amount was obtained by evaporation. The 
acid was purified by repeated crystallisation from benzene, from 
which it separated in microscopic needles, m. p. 116—118°, Itig 
very soluble in most of the usual organic solvents, but is only 
sparingly soluble in cold benzene, and insoluble in ligroin (Found; 
Br = 52-0. CsHsOiBrj requires Br = 52-0 per cent,). 

Methyl ai-Dibromo-?,-7nethylglutarate, 

COjMe-CHBr-CHMe-CHBr-COjMe, 

q’jjg preparation of this ester from the crude dibromination 

product with the aid of methyl alcohol was similar to that of the 
Lnobromo-ester, It boiled at 179-180° /20 mm„ the yield being 
90 per cent, of the theoretical (Found : Br = 48-0, CgHijOjBtj 

requires Br = 48-2 per cent,), ,,,TTT^ i i. • , 

Ethyl :Lx'-dibromo-<^-methylgltdarate (VIll), also obtained in 
90 per cent yield by pouring the dibromination product into ethyl 
alcohol, boiled at 189-190°/28-29 mm. (Found: Br = 444, 
CijHjjOjBr, requires Br = 44-4 per cent,). 


tC)— Action of Dilute Alkalis on Ethyl %-Bromo-^-melhijlijhlarak: 
Eormition of the Lactone of ^i-HycfTOxy-^-methylyhlark ,ldii 
and trans-3-J/c/Ay(cycloprop(iiie-l :‘A-dicarboxylic Acid. 

Twenty-five grams of ethyl a-bromo-’p-methylglutarate (section 
\) were boiled with 4-5 equivalents of 2.V-aqucous sodium carbonate 
for twenty hours. The product was acidified with concentrated 
hydrochloric acid, and the solution eitmcted three times with an 
equal volume of ether. The aqueous layer was evaporated to 
dryness and the residue extracted with diy acetone. 

Lactone of ai-Ilydro.nj-f,-methijlglutam Acid, 


-The acetone extract yielded almost pure lactone on evaporation 
whilst the ethereal solution gave a mixture of the lactone mth 
trans ■ 3 • methylcyclopropanc - 1 : 2 - dicarboxylic acid, which » 
separated by the method described below. On disUllation, 
lactone was obtained as a colourless, rather viscousjiqu. , b, p. 
189— 190°/45 mm, (Found: C=^o0--; H-o 6 . j ! i 

Tr— s^tlepl^rtef a smah amount of . 5 . 
alcohol in rosettes of needles (Found: C = 44--; u ^ 

from aqueous solution (1 oand . Ag . 6 7 4 

Ag — iti'O per cent.). 
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g^,{iijdroxy‘^-victhylglui<iric Acid (IX). — This acid does not appear 
to bo stable in tho free state, but its salts are formed when the 
lactone is dissolved in excess of alkalis. Attempts to regenerate 
the acid led to the lactone. 

The betrium salt, prepared by boiling the lactone with two equiva- 
lents of barium hydroxide and evaporating the solution, forms 
leaflets which disintegrate on drying at 120° (Found : Ba ^ 46-0. 
CfiHgOsBa requires Ba -- 46-2 per cent.). The silver salt was 
prepared from the barium salt (Found : Ag = 57-1. CgHgOjAgg 
requires Ag == o7’5 per cent.). 

tTma^d-Methykydopropane-l : 'l-dicarbo^ylic (X).— Theresi- 

due from the ether extract (above) was digested in a shaking 
machine for twenty-four hours with an excess of precipitated 
calcium carbonate. The filtered solution was evaporated to ^yness 
and the calcium salt recry staliised from a concentrated aqueous 
solution of calcium chloride. The acid regenerated from the 
calcium salt agreed closely in its properties with the description 
given by Kotz and^tahlmann (J. pr. Chem., 1903, [ii], 68, 159), 
and its identity was further confirmed by converting it into the 
anhydride of methylcitraconic acid (ethylmaleic acid) by dry 
distillation (Found : C = 50-0 ; H 5*7. Calc., C = 50-0 ; 
H 5*5 per cent.). 

The calcium salt (above) forms small leaflets which were dried 
at 120° before analysis (Found : Ca ^22*0. C^HgO^Ca requires 
Ca = 22*0 per cent.). Tho silver salt was prepared from the calcium 
salt and dried at 120° (Found : Ag — 60*0. CgHg 04 Ag 2 requires 
Ag = 60*3 per cent.). 

The anhydride of cis-3-wc/%Zcycloyjro/>a;ic-l : 'l-dkarhoxylic acid, 

CH’CO 

CHMe<Y— >0. was obtained by lieating the trans-acid with 

an excess of acetic anli 3 ^dride at ISC'* feu* six hours. The anhydride 
was isolated by distillation and thus obtained as a colourless oil, 
b.p. 270° (Found : C — 57*0; II — 4*9. CgHg 03 requires C ~ 57*1 ; 
H ^ 4*8 per cent.). 

ek-Z-Methylcyc\oproj)ane-\ : '2-dicarboxylic add (X). — This acid, 
which has been described previously by Preisweek {Ber., 1903, 36 , 
1087), was obtained by boiling the anhydride with w^ater and 


* Three isomeric 3-methyIci/c^opropano-I : 2-dicarboxylic acids are theo- 
retically possible. A third add, m. p. 1327 can be isolated iu small amount 
from tho “ low ” fraction obtained during the distillation of the anhydride 
dound : C = 50*6 ; H = 5*5. CgHgOj requires 0 = .50'0; H = 5*5 per cent.). 
I’he irons- acid described by Kdtz and Stahlmann as a liquid is actually a 
solid, m. p. 165®, which is very hygroscopic when slightly impure. Further 
experiments on this and other acids of the ci/cfopropanc series have been 
undertaken by Mr. F, K. Goss, of tJiis College. 

4y2 
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evaporating. It melted at 108°, and agreed in properties 
Preisweek’s description; its identity was further confirmed by 
converting it into methylitaconic acid by heating with water in a, 
sealed tube {Found; C = 50*3; H == 5*5. Calc., 0 = 50*0; 
H = 5-5 per cent.). 

The ccdciuin salt crystallised from a concentrated at^ueous solution 
in small leaflets which were dried at 120° (Found : Ca = 22*1, 
C 6 Hg 04 Ca requires Ca = 22-0 per cent.). The silver salt was 
obtained as a curdy precipitate by adding silver nitrate to a solution 
of the calcium salt (Found : i\g — 60*1. CgHgO^Ag, requires 
Ag = 60-3 per cent.). 


{D.]—Aciio)i of Concentraled Alkalis on Ethyl 

glutarate: Formation of the Lactone of <^-Hydroxy ■^•methyl 
glutaric Acid, 3-3/e%?cyclopropa??e-l : 2‘dicarbozylic Acid, 
^-Alethylglutaconic Acid, Alelkyl'paraconic Acid, Methylitaconic 
Acid, and Ethylmalic Acid. 

The bromo-ester (211 grams) (section A) was heated to 100", and 
poured into 1000 c.c. of boiling, pure 6A’- methyl -alcoholic potassium 
hydroxide. The product was evaporated several times with water 
and again wdth hydrochloric acid, and the organic acids extracted 
from the dried residue with acetone. The residue from the acetone 
was shaken for twenty-four hours with an aqueous suspension of 
precipitated calcium carbonate, and the filtered solution evaporated 
to a small bullc, saturated with calcium chloride, and allowed to 
crystallise. The calcium salts were washed with saturated calcium 
chloride solution, and the combined filtrate and washings w'orked 
up for organic acids, which were converted into their ammonium 
salts, and thence into their silver salts. The latter were digested 
for sixteen hours with an alcoholic solution containing an excess 
of benzyl iodide, and the tilteicd solution was poured into water 
and extracted with ether. 

0.^11 ydroxy-f^’jndhyUjlukinc Acid (iX). — ihc residue from llic 
ether was distilled up to a temperature of 240°/lt) mm., and the 
distillate boiled wdth an excess of 2 A" -etliyl- alcoholic potassium 
hydroxide. The product was worked up for organic acids in the 
usual way, and the syrup so obtained boiled for a short time ^\ith 
an cxces.s of p-toluiditic. The product which separated on pouring 
the solution into dilute hydrochloric acid was crystallised from 
alcohol, and then boiled with 50 per cent, sulphuric acid until no 
crystals scp<«rated on cooling and diluting. The lactone o m 
hydroxy-acid was isolated by, extracting the solution with a large 
quantity of ether (Found : C == 50*3 ; H = 5*6 per cent.). 
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The di-j^-toluididCf obtained in 

the above process, separated from alcohol in leaflets, ra. p. 235 236°, 

and was identified with a specimen prepared from the pure lactone 
(Found i C — 70*5; H = 7*3. 24 ^ 3^2 requires C = 70*6; 

j{ = 7*1 per cent.). 

Melhylitamalic Add (XII). — When the more soluble di-p4oluid- 
ides, which were obtained in the course of the above separation, 
were hydrolysed with 50 per cent, sulphuric acid and the acids 
extracted with ether, a syrup was produced which yielded crystals 
on rubbing with benzene. These consisted of methylparaconie 
acid, which gave salts of mcthylitamalic acid on treatment with 
excess of alkalis. 

Thefcanww salt (CgHgO^Ba^JHgO, Fittig, Annalen, 1889, 255, 18) 
was dried at 150° before analysis (Found : Ba = 45-9. Calc., 
Ba = 46*2 per cent.). 

Mcihyl'po/raconic Add (XIV). — The crystalline lactone on crystal- 
lisation from benzene melted at 78 — 79°, and agreed in its properties 
\dth Fittig’s description {be. dt.) of methylparaconie acid. It was 
identified by analysis, and by its convcrsio!i into methylcitraconic 
acid (Found : C ^ 50*0; H 5*8. Calc., C — 50*0; H = 5-5 
per cent,). 

Methylitaconic Add (XV). — The less volatile benzyl esters (above) 
were hydrolysed with 2V-ethyl alcoholic potassium hydroxide, and 
the recovered acids were decolorised with charcoal and boiled with 
chloroform, which caused crystal.s of methylitaconic acid to 
separate. After crystallisation from water, the acid melted at 
1G6° and had the propertic.s ascribed to it by Fittig [be. dt.) (Found : 
0 “ 49*7 ; H = 5*7. Calc., 0 — 50*0; It = 5*5 per cent.). It 
was further identified by convension into methylcitraconic acid. 

FAhjlmalic Add (XIII). — This acid, which remained di.ssolved in 
the boiling chloroform, partly separated on cooling, and a furtlier 
fpiaiitity was obtained by fractionally crystallising the product 
contained in the motlicr-liquor, ^\fter a final cry.stalllsatioii from 
a mixture of ether and chloroform, the acid melted at 108 — 109°. 
and closely corresponded with the description given hy Liitz {Ber., 
1902, 35 , 4372) (Found : C - 44-4; II - . 6-1. ( 'ale., C 44*4; 
H " C‘2 per cent.). 

dS’^-Me(hylcyc\oproi)ane-\ : 2-di carboxylic Acid (X). — The more 
soluble acid, which w^as separated from etliylmalic acid witli tlio 
aid of chloroform (a further quantity was obtained from the ultimate 
residues by rubbing with benzene), proved to be the ci 5 -ring acid, 
and was identified by analysis, and by a mixed-melting-point 
determination with the specimen prepared (section C) from the 
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^mw.‘?-iRomeride {Found : C — 49-9 ; H — 5*5. Calc., 0 ^ r>* 00 ; 
H — 5-5 per cent.). 

trans - 3 - MethylcydopropanM : 2^dicxirhoxylic Acid 
acids regenerated from the less soluble calcium salts were boiled 
with six times their weight of acetyl chloride, and the product, 
after evaporation of the acetyl chloride, distilled up to 150710 niiu. 
in a current of dry air. The less volatile portion was cooled, mixed 
with benzene, and treated with a small amount of aniline. After 
twenty- four hours, the solution was filtered and the acids therein 
isolated. Final purification was effected through the calcium salt 
as described in section C {Found: 0 = 50-0; H = 5-7, Calc., 
C = 50-0; H = 5-5 per cent.). 

Normal f^-Me(hylglutac.onic Acid {XI).— The volatile anhydrides 
were shaken for a few seconds with cold dilute sodium carbonate, 
and the acids regenerated from the aqueous layer. The acid so 
obtained, which was purified by crystallisation from concentrated 
hydrochloric acid, was identified, by its melting point, 149°, by 
analysis {Found : C = 50-3 ; H = 5-7. Calc., C = 50*0; H = 5-5 
per cent.), and by direct comparison with a genuine specimen, as 
the less fusible form of p-methylglutaconic acid. 

The anilic acid, COoH'CH.-CMelCH-CO-NHPh, obtained during 
the purification of the irans-fmg acid, was purified by crystallisation 
from a mixture of benzene and acetone. Its identity was confirmed 
by the melting point {1437, by analysis (Found: C = 65-7; 

^ 5 . 9 ^ Calc., C = 65-8 ; H = 5-9 per cent.), and by a mixed- 
melting-point determination with an authentic specimen. 

ch-Meikylcifraconic Acid, 002 H’Chjt,CH’C 02 Et. The oily an- 
hydrides wime boiled with water for a short time and the solution was 
distilled in a current of steam. The distillate was rendered alkaline 
with sodium carbonate and evaporated to dryness. The residue 
was dissolved in a sinall amount of hydrocldoric acid and extracted 
with ether, and the acid thus obtained crystallised from water, 
from whicli it separated in flense jn-isms, m. p. 100 - 101 ° (decoinp.). 
liavim^ all the prnpertif-s of nudhyleitraconic acid. It was identified 
by anatysis (Found: C ^50-0; H — o-l. Calc., C-ilO-O, 
H r-: n-5 per cent.), by its characteristic calcium and banam salts, 
which are more soliihlf' In cold water than hot, and by coiimimou 
into mothylitaconic acid by heating wiili water in a sealed tube. 

The acids whieli remained in tlie distilling flask consisted aigey 
of ces-S-methylrve/opropaiie-l : 2 -dicarbnxylic acid, which does 110 
apjiear to uiulergo anhydride formation bfdow lOtt . 
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(^.)-'Action of Dilute Alkalis on the oLGt.'‘Dihromo-f,-methylglutaric 
Acids and their Esters : FormeUion of me.so- and racemic aa'- 
jHhydroxy-^-methylghtaric Acids, their Laclonic Acids, and 
l-Bromo- and l-Hydrory-^-methylcychprojxineA : 2-dicarboxylic 
Acids. 

(a) Hydrolysis of the A-Dibromo-acid. — Twenty-one grams of the 
i-acid (section B) were boiled with 200 c.c. of 2iV-aqueous sodium 
carbonate for one and a half hours, and the solution was acidified 
with hydrochloric acid and evaporated to dryness. The residue 
was extracted with acetone, and the exhausted solid material 
re-evaporated with hydrochloric acid and again extracted. The 
residue from the acetone (10 grams) completely solidified after a 
few days. 

Lactone of A~ai.ct'-Dihydroxy-^.^-methylgliitaric Acid, 

CHfCOgH) 0 

CHMe*CH(OH)‘CO* 

—The preceding solid melted at 128—134:° without purification, 
and therefore consisted almost solely of the ^-lactone, which 
separated from a large volume of dry ether in short, stout, rhombic 
prisms with nearly square ends, m. p. 136—136-5°. It is readily 
soluble in acetone, methyl or ethyl alcohol, and in water, sparingly 
soluble in ether, and almost insoluble in benzene or chloroform 
(Found: C = 44:-6; H 5-3. CgHgO^ requires C ^ 45*0; 
H 5-0 per cent.). The same lactone was also obtained from 
the 5-bromo-acid (below). 

A-dx -Dihydroxy - ^ - methylghdaric Acid (XXVL) — When an 
aqueous solution of the above lactone was allow^ed to evaporate 
at the ordinary temperature, a residue was obtained wliich consisted 
of the dihydroxy-acid (Found : C — 40*7 ; H — 5-6. f'c^io^c 
requires C = 40-5; H — 5-6 i^er cent.). The acid crystallises in 
plates which melt at 80°, giving the lactone, to which the acid 
slowly reverts on keeping at the ordinary temperature. 

Th(^ barium salt, which w'as obtained by evaporating a solution of 
the acid or its lactone in two C(|uivaU‘nts of barium hydroxide, 
ciystallised in Icaficts. It was dried at 150° (Found : Ba — 44-0. 
(■gHgOgBa requires Ba ~ 44-0 per cent.). The silver salt was 
precipitated from a solution of the barium salt (Found : Ag ~ 54-7. 
rfifluhes Ag 55*1 per cent.). 

The di-{^.tolnid.id^ CHMe[CH(OH)-CO-NH*ChH 7 ].>, was prepared 
hy boiling the lactone wdth an excess of p-toluidine for a few' 
seconds. The p-toiuidide crystallised on cooling and was purified 
by trituration with dilute hydrochloric acid, and crystallisation 
from a mixture of alcohol and acetone. It separated in needles, 
which melted at 207° and were only sparingly soluble in hot ethyl 
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alcohol (distinction from the 5-toluidide) (Found: C = 07*3- 
H ^ 6*8. C20H24O4N2 requires 0 = 674; H = 6-7 per cent.). 

(b) Hydrolysis oj the 'B-Dibromo-add.—lihis acid was hydrolysed 
like the 4 -acid, and the product isolated in the same way. 
solidified after a year, and was then fractionally crystallised from 
dry ether, by which means a considerable quantity of the 4 -lactone 
(m. p. 136°) was readily isolated. 

Lactone of B-M-Dikydroxy^^^-methylgluiaric Acid, 

CHiCOgH) 0 

(;HMe-CH(OH)-CO- 

—This is more soluble in ether than the 4 -lactone, and was obtained 
in a pure condition only after many crystallisations. It separates 
from ether in minute granules, m. p. 117—118° (Found : 0 = 4-50; 
H = 5-2. CgHgOg requires C = 4o'0 ; H == 5-0 per cent.). 

^-(iy.'-Dihydroxy-^-methylglu(aric Acid (XXVI).— This substance 
appears to be stable only in the form of its salts, and all attempts 
to prepare it in the free state, either by regeneration from its salts 
or from the lactone, proved fruitless. 

The barium salt, prepared from the lactone and two equivalents 
of barium hydroxide, forms minute rosettes of needles. The salt 
was dried at 150° before analysis (Found : Ba = 43*6. O^HgOgBa 
requires Ba = 44*0 per cent,). The silver salt, prepared from (lie 
barium salt, forms microscopic needles (Found : Ag = 54*9. 
CgHgOjAgg requires Ag = 55*1 per cent.). 

The di-pdoluidide, CHMc[CH(OH)‘NH*C,H7]o, was prepared 
from the lactone and p-toluidinc, and was purified by crystallisation 
from alcohol, in which it is readily soluble (distinction from the 
4-toluidide). It forms long necdlos, m. p. 187° (Found : 0 - 67*1 ; 
H = C'G. C20H04O4X2 requires C = 67*4; H - 0*7 per cent.). 

(c) Hydrobjsis of the Mrlhyl and Ethyl Dihromo-cslns.-Ow 
decigram -molecule of either ester was boiled with 250 c.c. of a 
2iV-.so]ution of sodium earbonate for twenty hours and the solution 
acidified with 50 c.c. of coucontrated hydrochloric acid and extracted 
with 3 litres of ether. Tim aqueous residue was then evaporated 


to dryness and extracted with acetone. 

A- and (XX\I).--Thc 

residue from the acetone evidently consisted almost entirely d 
these dihydroxy-aeids or their lactones, as on boiling 
of p-toluidinc it gave twice its weight of a mixture of t\\ 0 p-to uk k c., 
which were readily sejiarated by crystalliscation from acoio, an 
identified a.s the A- and /i-t.duididcs described above. 

l-J?rwwo-3-wic//i^?cyclopropa»c-l : 24icarhoxybc ^ 

The ethereal extract yielded on evaporation a erysta me 
which at ISO-liMT’,' and, after tw'O crystalhsatjo . 
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chloroform containing a trace of ether, at 190—191®. The acid, 
^vblch is microcrystalline, is stable towards alkaline permanganate, 
and the presence of halogen could not be detected by heating in 
an open tube with nitric acid and silver nitrate {Found : G = 32-3 ; 
j{ == 3-6 ; Br = 35*3. CgH, 04 Br reciuires C = 32*3 ; H — 3*2 ; 
pr = 35*9 per cent.). The estimation of bromine in the acid is 
difficult on account of its great stability; the result quoted was 
obtained after heating with fuming nitric acid and silver nitrate 

33 ()_ 350 ^ for twenty-four hours (compare T., 1921, 119, 325). 

The silver salt also is remarkably stable and can be boiled with 
water for hours without darkening. The silver was therefore 
estimated by precipitation with hydrochloric acid (Found : Ag — 
49*3. CgHgO^BrAga requires Ag = 49*4 per cent.). 

Z‘Methylcyciopropan-l-ol-1 : 2-dicarboxylic Acid (XXXI). — This 
acid was prepared from the bromo-acid by boiling for a month 
with a 2iV-solution of sodium carbonate, and was isolated by 
extraction with acetone after evaporating the acidified solution to 
dryness. The solid product was boded with dry ether and the 
insoluble portion crystallised several times from a mixture of 
acetone and benzene. The acid separated in minute needles, 
m. p. 167 — 169® ; it appears to be stable towards boiling hydrochloric 
acid, boiling dilute alkalis, and cold alkaline permanganate (Found : 
C = 45*2 ; H ^ 5-3. CgHgOg requires C = 45*0; H = 5*0 per 
cent. For the silver salt : Found ; Ag = 57*4. CgHgO^Agg 
retiuires Ag = 57*7 per cent.). 

(F). — Action of ConccnlrcUed Alkali on Ethyl acc'-Dibromo-^-inethyU 
(jlutaraie : Formation of A- and H-naf-Dikydroxy-^-methyl- 
glutaric Acids^ their Lacto?}ic Acids, the Lactone of Butane-oiy- 
diol-cL^-dicarboxylic Acid, 1-M ethoxy -d*jneihylcyQ\opropane-l : 2* 
dicarboxylic Acid, and Alefhylcyclopropenedicarhoxylic Acid. 

The dibromo- ester (360 grams) was heated at 100°, and poured 
into 1800 c.c. of 6 A' -methyl-alcoholic potassium hydroxide, the 
experimental conditions being similar to those employed in the case 
of dibromoglutaric ester. On extracting the acid products, two 
syrups w^ere obtained, one readily soluble in dry ether (147 grams), 
and the other sparingly soluble in ether but easily soluble in acetone 
(5 grams), 

A- and B-oLOL'-Dihydroxy-^-meihylglntaric Acids (XXVI). — The 
syrup insoluble in dry ether consisted principally of a mixtui’c of 
the lactonic acids of these tw*o hydroxy-acids. They were separated 
in the form of their p-toluididcs as described in section (E). 

Methykyc\opropenedicarbox7jlic Acid (XXIV).— The syrup which 
was soluble in ether was cstorified with ethyl alcohol and sulphuric 

4 Y* 
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acid, and the esters were isolated in the usual way, the acid products 
being separated from the neutral and re-esterified. The combined 
neutral esters were then subjected to a careful fractionation under 
diminished pressure with the aid of a short column of beads. The 
pressure was maintained accurately at 35 mm. during the distillation 
by means of a hand- controlled regulator consisting of a pipe-clay tube 
different lengths of which can be exposed above mercury. After 
seven distillations it became evident that no further advantage was 
to be gained by continuing the process, the material having been 
fairly completely resolved into three nearly constant-boUing liquids 
and a small quantity of comparatively non-volatile material, the 
investigation of which was abandoned. The most volatile fraction 
b. p. 130— 135^ and the middle fraction, b. p. 141— ojJ 
hydrolysis with hydrochloric acid both gave a mixture cf crystalline 
acids which were separated by crystallisation from water and from 
a mixture of chloroform and benzene. The cydopropenc acid was 
identified by its melting point (200'’), by analysis (Found : C = 50*5; 
H = 4-4. Calc., C = 50-7 ; H = 4-2 per cent.), and by direct 
comparison with an authentic specimen. 

\-M ethoxy -^-meihyhyc\oprojpane-\ : 2-dimrboxyUc Acid {XXXlll), 
— This acid, which was separated from the unsaturated acid in the 
way mentioned, crystallises from a mixture of chloroform and 
benzene in needles, m. p. 102 — 104'^. It is very soluble in chloro- 
form, methyl or ethyl alcohol, ethyl acetate, or acetone, and spar- 
ingly soluble in ether or benzene. It does not decolorise cold alkaline 
permanganate (Found ; C — 48-2; H ~ 6’1, CjHjqO^ requires 
G-=48-3; H = 5*8 per cent.). 

Buiane-oiy-diol-oL^-dicarboxylic Acid {Monolaclone^ XXXII).— The 
lactone of this acid was obtained by acid hydrolysis of the fraction 
of b. p. 168 — 171°, but it could not be induced to solidify and was 
therefore purified by crystallisation of the calcium and barium salts 
of the dihydroxy-acid. The free dihydroxy-acid does not appear 
to be capable of existence, and attempts to prepare it from the 
salts proved fruitless. 

The calc in jn salt wa.H pre])ared by digesting a solution of the 
barium salt with precipitated calcium sulphate, and evaporating 
the filtered solution. The salt took a considerable time to solidify, 
but the drained material crystallised well from concentrated 
aqueous solution on addition of aectonc (Found : Ca = IS’')- 
CgHgOgCa reciuircs Ca = 18'5 per cent.). The barium salt, prepared 
from the lactone and barium hydroxide, was obtained as minute 
needles (Found : Ba — 441. C‘gHgOgBa requires Ba = 44 0 i)er 
cent.). , ^ . 

The ethyl ester is a colourless liquid, b. p. 168 171 /3 j 
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(Found : C — 5M ; II — 7*9. rur^uires C — 51*3; 

1 { = 7-7 per cent.). 

The Uictofiic addf prepared by decomposing the calcium or 
barium salt with mineral acids, was obtained as a viscous gum 
which showed no tendency to crystallise (Found: C = 45-2; 
H = 4-0. CgHgOs requires C 45-0 ; H =- .TO per cent.). Its 
acetyl and benzoyl derivatives were also gummy, but the com- 
position of the substance and of the silver, calcium, and barium 
salts described in this section, taken iii conjunction with the 
reduction products mentioned below, appears to leave no room for 
doubt as to its constitution. 

The silver salt was prepared from a concentrated neutral solution 
of the ammonium salt, and was recrystalliscd from hot water 
(Found: 0-26-6; 11 = 2-8; Ag = 40-2. CJI^OsAg requires 
C ^ 27-0; H = 2-6; Ag = 40-4 per cent.). 

Eeduction of Butan-ay~dioLoi\i-dicarboxylic Acid to Ethylrmlic 
Acid and Ethylsuccinic Acid . — The lactonic acid was boiled for 
twenty-four hours with an excess of distilled hydriodic acid and the 
product extracted with ether. The syrupy residue partly solidified 
on keeping for several months in an evacuated desiccator over 
potassium hydroxide, and was then drained as completely as 
possible on porous porcelain. The crystalline material melted over 
a large interval of temperature, anti was easily separated by tritura- 
tion with a little cold water into two main fractions. The less 
soluble acid, after purification, melted at OS'" and was identified 
as ethylsuccinic acid (Found : C = 49-2; H = 7*1. Calc., C = 
49-3; 11 = 6-9 per cent.), whilst the more soluble proved to be 
cthylmalic acid, and was identified a.s such by direct comparison 
and by a mixed-melting-point dctenninatiim with the ^product 
previously obtained (section D). 

I desire to thank the Chemical Society for a grant with the 
aid of which the expense incurred in tJiis research has been 
met. 

Imperial College of Science and Technology, 

South Kensington, S.W. 7, IRcccttxd, Odvhcr oth, 1922.] 
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CCCXXIIL— 1 : 3 : 4 : Q-Tetramethjl Fructose. 

By James Colquhoun Irvine and Jocelyn Patterson. 

It is now ■svell known that the ketosc constituent of sucrose and 
of inulin is entirely different from the characteristic laevorotatory 
sugar kno\vii as cZ-fructose. On the other hand^ the best^defined 
artificial derivatives of fructose are related to the ordinary variety 
of the sugar and do not possess the same structural unit as the 
natural fructosides. For example, it has been shown that 
P-methylfructoside (Steele, T., 1918, 103, 257), fructosediacetone 
and fructoseraonoacetone (Irvine and Patterson, this voL, p. 2146) 
have no relationship with y-fructose, as they are each convertible 
into the laevorotatory crystalline form of tctramethyl fructose. 

Two isomeric tctramethyl fructoses are knowm and these 
substances function as reference compounds which serve to 
identify the particular type to wliich a fructose derivative belongs. 
For some time it has been felt necessary to have fuller inform* 
atioii regarding the properties and structures of the isomeric tetra- 
methyl fructoses, as otherwise it is difficult, particularly m the 
y-series, to formulate derivatives satisfactorily. We have accord- 
ingly extended the earlier investigation of crystalline tctramethyl 
fructose and compared the chief properties of the compound vith 
those of tlie yJsomcridc prepared from inulin. 

Considering the objects iii vie\v, it was necessary to commence 
the preparation of the sugar from a crystalline derivative of fructose 
whicli is known to belong to the stable scries. For this purpose, 
tetra-acejbyl fructose was selected and, althougli the conversion of 
the compound into the corresponding tctramethyl derivative h 
laborious, the result v as satisfactory. In the experimental part, an 
account is given of the isolation of the sugar and of its conversion 
into the pure aJortn, tin; corrected physical constants for which 
are quoted. These agree closely with the values found by Purdie 
and Paul (T., 1907, 91 , 289), hut it may be mentioned that with 
the larger quantity of material at our disposal we succeeded in 
separating a second variety of tctramethyl fructose which cry’stal- 
liscd in slender needles showing no imitarotation. 

In comparison with letraniethyl y-fnictose, the normal crystalline 
isomeride melting at 98 - 99^ may be described as stable. Ibis 
shown in many reactions as, for example, the condensation 
methyl alcohol to give the eorrespouding fructosides. Under paraUcl 
conditions, the two sugars reacted with the solvent at 'va e) 
different s^x^cds, tctramethyl ‘/-fructose requiring only 
hours for complete condensation, whereas with lajvorotatory 
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methyl fructose the same reaction occupied about seventy days. 
In a similar manner, it has been shown that tetramcthyl y-methyl- 
friictoside was much more readily hydrolysed than the lievorotatory 
isomeride. This pronounced difference in reactivity is also em- 
phasised when the rate of hydrolysis of P-mcthylfructoside is com- 
pared with that of y-methylfructoside {Menzies, this voL, p. 2238). 

The reactions just referred to, although useful in discriminating 
between the different types of fructose derivatives, give no clear 
indication as to structural distinctions. Information on this point 
was, however, obtained by studying the behaviour of the sugars 
towards oxidising media. Neutral potassium permanganate had 
practically no effect on crystalline tetramcthyl fructose, but reacted 
readily with the y -isomeride. It is, however, probable that this 
action is due to the presence of traces of impurity and is not a 
characteristic of y-sugars, as reduction of the reagent practically 
ceased when less than one atomic proportion of oxygen was 
utilised, and the sugar recovered after this treatment had no effect 
on the reagent. The application of alkaline permanganate as an 
oxidising reagent was complicated by the fact that both varieties 
of tetramethyl fructose react with alkali. In the case of tetra- 
methyl y-fructose, the action was extremely rapid and when the 
sugar was dissolved in iV/lO-sodium hydroxide the activity quickly 
altered from dextro to laevo. In the parallel case of the stable 
isomeride, solution in alkali gave a pronounced exaltation in the 
Isevorotation, but the value diminished irregularly in the course of 
several days. 

The action of allcaline permanganate appears to involve enoiis- 
ation and rupture of the ketose molecules between the second and 
third carbon atoms of the chain, with the result that only one 
definite product was isolated. 3 his proved to be the potassium 
salt of a dimethoxyhydroxybiityric acid. The use of dilute nitric 
acid as the oxidising medium proved to he more satisfactory. The 
reagent has already been applied to tetrameth}^ y-fructose and, 
in the case of the crystalline isomeride, gave a dimethoxyhydroxy- 
glutaric acid as the essential product. Tliis was isolated in the 
form of the coiTesponding dictliyl ester, and the bearing of the 
combined results on the constitution of the sugars concerned is 
given in the discus.sion wliicli follows. 

Discussion of BesuUs. 

Five formulae differing in the position of the internal oxygen ring 
itiay be assigned to a reducing tetramethyl fructose, and the linkage 
may be determined if the four incthoxyl groups can be allocated. 
These formulae are : * 
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In the particular case iiudcr consideration, no nietliyl group can 
lie present in tlie 2-position and one of the methyl groups must 
occupy position G as the sugar ]ia.s been prepared from G-monomethyl 
fructose. Formula V can thus be deleted. 

Further, the production of a dimcthoxyhydroxybutyric acid by 
the action of alkaline permanganate indicates that this reagent 
effects rupture of tlm kotose between positions 2 and 3. This 
result eliminates formula I and shows that one of the metliyl 
groups removed in the oxidation mu.st be attaclied to position 1. 
Having allocated two of the methyl groups, it is evident that the 
remaining two may occupy any pair of the positions 3, 4, and 0. 
In deciding between formuho If, HI, and IV, the crucial reaction 
is the formation of dimetlioxyh} droxyglutaric acid by the agency 
of nitric acid. Thi.s oxidation involves the conversion of the 
CHo'OMe group in the 6 position into COgH, and experience gained 
in carrying ont the same oxidation process on different types of 
alkylated sugars lias shown that a dibasic acid is not readily formed 
when the group -CHiOMel-t.’Hi'OMo terminates the sugar chain. 
The formation of a dil>asic acid in the present instance is thus 
unfavourable to formula H and HI. Wc therefore select 
formula IV for crystalline tetrametliyl fructose, leaving If or HI 
to represent lotramcthyl y -fructose. 

In discussing the alternatives for the y-form the evidence avail- 
able is somewhat inconsistent, but, so far as chemical reactions are 
concerned, is more favourable to C tlian to B. The action of nitric 
acid on the sugar has already been showm to give trimethosy- 
hydroxyvaleric acid (Haworth, T., 1920, 117, 199), a result whicH 
is consistent with cither of the alternative formuliE. Moreover, tlie 
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gtmctnre of y-fnictose derivatives must accommodate the inability 
of the parent sugar to react with acid acetone and here again both 
formiilaJ are equally suitable. 


/£Ero-Tetramethyl 

fructose. 
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In the course of our researches on inulin, we have been engaged 
in studying the effect of various oxidising media on the methylated 
y.fructoses and find that tetramethyl ydructose i.s acted upon by 
alkaline potassium permanganate to give a dim ethoxy butyro- 
lactonc. This reaction, viewed by itself, appears to be diagnostic 
and favours formula C, which is also in agreement with the structure 
assigned by Bdeseken to the fructose unit in sucrose {Rec. irav. 
chim., 1921, 40, 354). Other factors have, however, to be taken 
into account, i'or example, the reversal of the sign of rotation 
encountered in passing from a normal fructose derivative to the 
y-type or vice versa cannot be ignored in a formula. This factor 
is best accounted for by formula B, where configuration demands 
that the oxygen ring is formed on the opposite side of the carbon 
chain. In the meantime, no definite decision between these formulae 
appears to be warranted, but we are continuing the study of the 
subject by examining the reactions of trimethyl y-fructose. 


Experimental. 

Preparation of Tetramethyl Fructose. 

It was found that by far the most convenient starting material 
for preparing crystalline tetramethyl fructose in quantity is the 
p-methylfructoside isolated by Hudson (J, Amer. Ckem. Soc., 1916, 
38, 1216). The fructoside was fully methylated as described by 
Steele (foe. cit.) and the tetramethyl methylfructoside thus obtained 
was then hydrolysed, giving good yields of the alkylated ketose. 
Full experimental details need not be given, as the operations 
involved are well standardised, but the following observations 
indicate various modifications which were introduced Mith advantage. 

Stage I, Preparation of Teira-acetyl Fructose. — The initial period 
of the acetylation of fructose is a clitical stage. Unless the tern- 
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perature is kept low at the beginning of the reaction, the fructose 
dissolves rapidly and the main product is the syrupy triacetyl 
derivative identified by Steele. This diversion of the reaction \vas 
largely avoided if, during the first fifteen minutes, stirring was 
done very slowly. The reaction was thus kept under control and 
rise of temperature was avoided. 

Stage II. Tetra-acetyl ^•Methylfructoaide. — The amount of silver 
oxide necessary for this reaction is considerably less than that 
recommended by Hudson. Thus, in one typical experiment 
30 grams of powdered tetra-acetyl fructose were methylated in the 
presence of 270 grams of methyl iodide by the addition of only 
40 grams of silver oxide. Part of the acetyl compound was un- 
dissolved at the beginning of the reaction, but gradually passed 
into solution as methylation proceeded. The product crystallised 
at once on nucleation, and the yield was practically quantitative. 

Stage III. Deacetylation of Tetra-acetyl ^-Mdhylfructoside.—%Q 
removal of the acetyl groups by the use of barium hydroxide is 
tedious in large-scale working as, in order to avoid hydrolysis of 
the fructosidic methyl group, the barium sulphate has to be pro- 
cipitated and filtered in the cold. In subsequent preparations, 
Fischer’s method for removing acetyl groups was substituted with 
advantage. A typical example is described. 

26-5 Grams of tetra-acetyl methyifructoside were dissolved in 
800 c.c. of dry methyl alcohol, and dry ammonia was passed to 
saturation at 0°. After standing over- night, the solvent and the 
ammonia were removed under diminished pressure and the diy 
syrupy residue was extracted with cold acetone to remove acet- 
amide. The residue was dissolved in absolute alcohol, and the 
solution evaporated to a small bulk. On nucleation, crystals of 
methyifructoside separated. These were filtered, washed with cold 
acetone, dried, and rccrystallised from liot absolute alcohol. Yield 
70 per cent. 

Stage IV. Methylation of Methyifructoside. — Three siicco.ssivc 
methylations were given, in the first of which a small quantity 
of methyl alcoliol was used as an extraneous solvent. In tha 
subsequent alkylations the material was fully soluble in methyl 
iodide. The final product, isolated in the usual manner, boiled at 
105— 107 70 dh) mm. Yield 88 per cent. 

Stage V. Hydrolysis of Tetramelkyl ^-Mdhylfnicioside.—lhe 
final reaction was conductc<l without any departure from the 
customary practice and no difficulty was experienced in obtaining 
the sugar crystalline. Yield— practically quantitative. 
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Properties of 1:3:4: G-Teiramethyl Fructose. 

After six successive crystallisations from low-boiling petroleum 
the physical constants showed no further variation and the pure 
a-form of the sugar was obtained. Crystalline form : square 
plates; m. p. 98—99°. The accumulated mother -liquors slowly 
deposited a more soluble variety in elongated, pointed prisms melt- 
ing at 92°. This may represent the p-isomeride, but no definite 
upward mutarotation in the laevo sense was detected and an alcoholic 
solution showed at once the constant value [ajj, — 8u-7°. 

Mutarotation of the a-Form. 


Solvent. c. Initial Fermanent [a]2o\ Time. 

^ater 1-802 — 324-3“ — >- ~ 123-2“ 2 hours 

Ethyl alcohol 2-102 ^ 94-0 — >- — 87-7 3 days 

Benzene 1*507 - 116-6 — ^ - 84-7 7 „ 


As already recorded by Purdie and Paul (T., 1907, 91, 289), the 
optical change was practically instantaneous in aqueous solution. 
Action of Sodium Hydroxide— k 1-634 per cent, solution of the 
sugar in H /10-aqueous sodium hydroxide showed an initial optical 
exaltation which diminished irregularly until the darkemhig of the 
solution prevented further observations. 


Time. 

[“Jf- 


Time. 



^ 145-0“ 

20 days 

25 „ 


90*8° 

20 hours 

— 141-1 


_ QO-O 

44 

— 130-0 

30 „ 


— 44-8 

3 days 

- 120-2 

40 „ 


... - 3.3-1 


The disruption of the sugar was apparently catalysed by contact 
with the fittings of the polarimeter tubes, as a duplicate solution 
which was preserved in a stoppered flask showed a distinct optical 
lag {[a]^“ after forty days — 83°). 

Condensation o/ 1 : 3 : 4 : iS-T eiramethjl Fructose with Methyl Alcohol. 

A 2-5 per cent, solution of tlie sugar in pure dry methyl alcohol 
containing 0-25 per cent, of hydrogen chloride was preserved at 
17'’, polarimctric readings beiJig taken every twelve hours for a 
period of seventy-two days. A parallel experiment ^vith tetrametljyl 
7-fnictose, prepared from innlin, empliasisrs (ho difTerent reactivities 
of these isomerides. 

CrystaUiiic 

tt-trainetliyl 


Time from start. fructose. 'I'etrnmctliyl 7-fnictosp. 

4 minutes — 00-4“ f 21-0“ 

20 „ — 1)5.6 ID-U 

200 _ t)5,2 -u 3^.5 

1 —97-0 -f eO l condensation complete. 

0 days _ 102-4 H* 50 0 (constant) 


— liO'O I 

— J:u- 4 (constant) 
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Oxidation 0 / 1 : 3 : 4 : ^-Tetrarmlhjl Fructose. 

1. iYe M/ra/ Potassium Permanganate . —^0 100 c.c. of a 1 per cent 
aqueous solution of the sugar 10 c.c. of Y/lO-potassium perman. 
ganate were added. As tlie colour of the reagent persisted for 
twenty days no appreciable oxidation took place. 

2. Alkaline Potassium Permanganate. —OnQ hundred c.c. of a 
3 per cent, .solution of the sugar were mixed with a solution of 
6 grams of potassium permanganate in 500 c.c. of water. 25 C.c 
of A^-potassium hydroxide were then added and by the followino 
morning the reagent had been completely reduced. Carbon dioxide 
was passed through the liquid, which was filtered and evaporated 
to dryness under diminished pressure. An acetone extract of the 
residue yielded a small quantity of a neutral syrup which contained 
OMe = 42-9 per cent., and reduced permanganate instantly. The 
material undissolved by acetone W'as extracted with absolute 
alcohol to remove soluble potassium salts and, after fractional 
precipitation with ether, the product had the composition K ^ 
20-3 ; OMe 2C-3 per cent. These figures agree most closely 
with those required for a potassium dimethoxyhydroxybutyrate 
[C 4 Hri 03 ( 0 Me)oK requires K = 19-3 ; OMe ~ 30-7 per cent.]. The 
rupture of the ketose to give an oxidation acid containing four 
carbon atoms in the chain was confirmed in the following reaction. 

3. Isiiric Acid.^A 7 per cent, solution of the sugar in dilute 
nitric acid (d 1-2) was heated at 90° for one hour and thereafter at 

80 85° for four and a half hours. Reaction proceeded smoothly, 

but ceased entirely at temperatures lower than 80°. Excess of 
nitric acid w^as removed by maintaining the solution at 40°/15 mm. 
wliilc W’ater was continually introduced until 1500 c.c. had collected 
in the receiver. The evaporation was then continued in a stream 
of alcohol until one litre had distilled, after which, the liquid ms 
taken to dryness and heated, first at 40°/0-3 mm. and then at 
55°/0'3 ram. until constant in w'eight. On raising the bath to 
130°/0‘2r) mm., the product was readily distilled as a clear mobile 
liquid which rapidly crystallised. After spreading on porous 
porcelain and two rocrystallisations from light petroleum, the pure 
ester was obtained. M. p. 80 — 87° ; 1*4(>43 (hound . C = 49*86, 
49-81 ; H = 7*00, 7*02. requires G ^ 50*00; H ^ 7*57 

per cent.). In this particular case, the determination of methoxyl 
is not diagnostic, but as the compound possessed the reactions of 
an alkyloxy-ester it is identified as diethyl dimetlioxyhydroxy. 
glutaratc. 

4. Bromine.— A concentrated aqueous solution of the sugar 
shaken for two days with excess of bromine water and then treated 
as described by Irvine and Hynd (T., 1909, 95, 1220). No orgamc 
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^cid was, however, produced in the reaction and the sugar was 
recovered unchanged in the crystalline form. 


Relatm Stahility of the isomme MHhylfmcios{de.<i. 

Altliough the relative speeds of hydrolysis of tctramethyl methyl- 
fnictoside and the corresponding y-isomcride are known, 'similar 
data are lacking in tlie case of the unsubstituted fructosides. It 
has now been established that when dissolved in iV/llO-hydrochloric 
acid p-mcthy]fructosidc possesses a constant rotation for several 
days. The fructosidc is, however, slowly attacked by the reagent 
and the Isevorotation diminished. 


Time 


0 7 15 70 days 

- 172-0'’ - m-r - 162-3'’ - 136-0'’ 


The development of moulds in the solution prevented a complete 
polarimetric record being taken, but the optical changes are 
evidently due to slow hydrolysis. Under parallel conditions, 
y-methylfructoside is hydrolysed much more rapidly, the solution 
changing from dextro to laevo in thirty hours. The experimental 
details of the oxidation of tri- and tetra -methyl y-fructose are 
reserved for inclusion in a forthcoming paper on the structure of 


in 111 in. 


We desire to express our indebtedness to the Department of 
Scientific and Industrial Research for generous assistance. 

Chemical Rkseauch Laboratory, 

United Collroe of Rt. Salvator and St. Leonard, 

University op St. Andrews, 

[fJeccit'cd, Ithj 1922.] 


CCCXXIV . — The Oxidation of Sucrose hij Nilric Acid. 

By Frederick Daniel Chattawav and Hinton John Harris. 

For over a hundred and fifty years the action which takes place 
when sucrose is oxidised by nitric acid has attracted the attention 
of chemists, and its spectacular character, from the torrents of 
nitrogen peroxide evolved, still makes it a favourite laboratory 
experiment. It has considerable historical interest, for it was from 
the product of this action that Bergman (“ Opuscula Physica et 
Chcniica,” Vol. 1, p. 238. Dc acido SaccJiari) about 1770 first 
isolated oxalic acid. From the testimony of several of his friends, 
it appears that Scheele had identified the acid shortly before, 
though whether he obtained it from sugar or from wood sorrel 
is not clear, for he never published afty account of his work. For a 
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long time, Bergman’s process was in everyday use for making oxalic 
acid, but apparently no very detailed account of it was publislie^ 
until Thompson (Phirm. J., 1848 — 1849, 8, 117) took up the subject 
about 1848 and described what he had found to be the most 
satisfactory procedure. 

Sincfc that time, little close attention has been directed to the 
subject, and oxalic acid has been generally regarded as the sole 
end-product. 

A re-examination of the reaction, however, has shown that, in 
addition to oxalic acid, mesoxalic acid is formed in considerable 
quantity and that the violent oxidation of sugar by nitric acid h 
the most advantageous way of preparing this little-known compound. 

Mesoxalic acid is easily detected, being a ketonic acid and form- 
ing a well-characterised hydrazone wdth any aromatic hydrazine. 
It can be isolated conveniently by making use of the sparing solu- 
bility in water of its sodium salt. 

About 1 1 grams of sodium mosoxalato can be obtained from the 
oxidation of 100 grams of sugar, about 40 grams of crystallised 
oxalic acid being at the same time produced. 

Mesoxalic acid is formed in approximately equal amount when 
dextrose, kevulose, lactose, maltose, or starch is simiiarly violently 
oxidised by nitric acid. 


E X P E R I M E N T A E. 

When powdered or granulated sucrose is added to about fourteen 
times its w'eight of strong nitric acid, it dissolves at the ordinary 
temperature. On slowly heating tho solution, it assumes a pale 
yellow tint which gradually deepens to a light and finally to a dark 
broum, owing to the formation of oxides of nitrogen. When the 
temperature reaedms 72 — 75°, vigorous action sets in and if extenni 
boating be now stopped tho temperature rises rapidly to about 
94 — 95 '’. This violent action continues for some time and the 
liquid appears to boil vigorously from the rapirl disengagement of 
nitric oxide, nitrogen peroxide, and carbon dioxide. The tem- 
perature remains at first approximately constant, but gradually 
falls as tho action diminishes in violence and finally apparently 
ceases. 

If other proportions of sugar and nitric acid are used or the. 
liquid is heated with varying degrees of rapidity, violent action 
commences at slightly different temperatures, but the highest 
temperature reached witliout further external heating does not 
much exceed 94—95°. If fuming nitric acid is used, violent action 
!)egins of itself afU>r some ten minute.s’ standing at the ordinary 
temperature witliout any iirehminary heating. Neither the eiac 
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amount of strong acid initially used nor its exact strength much 
agects the phenomena observed, and the oxidation of the sugar 
into simple products is by no means complete when violent action 
subsides. Further oxidation, however, takes place on again heat- 
ing and oxalic and mes oxalic acids are now the main products. 
On cooling the suitably concentrated liquid, the bulk of the oxalic 
acid crystallises out, and a large part of the excess of nitric acid 
still remaining can be got rid of as sodium nitrate by the addition 
of an appropriate amount of solid sodium carbonate. Mesoxalic 
acid is present in the residual acid liquid in considerable quantity 
and separates as its sodium salt after complete neutralisation. 
In order to get consistent results, a delinite procedure has to be 
carefully followed, as even trilling variations, such, for example, 
as evaporating in a flask instead of an evaporating dish and thus 
prolonging the heating, much affect the yield of mesoxalate.* 

The follovung has been found the best method for preparing 
and isolating sodium mesoxalate. To 50 grams of sucrose in a 
1500 c.c. flask are added 700 grams of nitric acid {d 141), and the 
mixture is heaW to about 72—75®. The source of heat is removed, 
the violent action allowed to subside — this usually takes about 
twenty-five minutes — and the liquid poured into an evaporating 
dish and boiled rapidly until, when cooled to 74®, it occupies a 
volume of 112 c.c.f Tlie liquid is now transferred to a flask and 
cooled ■with constant sliaking to — 5®. The oxalic acid, which 
separates and usually amounts to about 21 grains, is filtered by 
the aid of the pump, using a Buebner funnel and at least three 
filter-papers or better an asbestos pad. The filtrate is again placed 
in the evaporating basin and 50 grams of anhydrous sodium car- 
bonate are added in three portions; this causes the temperature 
to rise to about 70®. The solution is cooled to — 5® and the sodium 
nitrate Avhich separates and usually amounts to about 50 grams 
is filtered off. To the filtrate 12 grams of anhydrous sodium 
carbonate are added and then a saturated aqueous solution of 

* The addition of vanadium pentoxide, as recommended by Naumann, 
Moeser, and Lindenbaum (J. yjr. Cfteiii., 1907, [ii], 75, 146), which causes the 
oxidation of sugar by nitric acid to take place at a lower temperature with 
a consequent larger yield of oxalic acid if a limited amount of nitric acid is 
''Used, causes complete oxidation of tlio sugar to carbon dioxide if the 
quantities of nitric acid and sugar given above are employed, so that on 
evaporation no residue is loft. 

t During tho evaporation tlio tempcratui’o of tho boiluig liquid rises from 
about 107’’ to 111", and tho liot liquid, when poured into a cylinder for 
measurement, usually cools to very near 74". It is essential that the volume 
at 74“ should be exactly 112 c.c. as the amount of free acid remaining after 
partial neutralisation which determines the subsequent separation of the 
mosoxalat© in good yield depends almost entirely on this. 
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sodium carbonate until the liquid reacts distinctly alkaline ; about 
40 c.c. of the solution are usually required. The liquid which whii^ 
acid is pale yellow in colour becomes pale bro^vn when alkaline 
The alkaline liquid is kept for twenty-four hours, when 5—6 grai^g 
of sodium mesoxalate separate as a colourless, crystalline powder 
About a further gram remains dissolved in the alkaline mother- 
liquor and can be recovered as hydrazone. 

The sodium mesoxalate, C(0H)2(C02Na)2, thus obtained is 
practically pure. Two grams of a specimen of the salt thus pre- 
pared yielded 2*26 grams of mesoxalic acid phcnylhydrazone, the 
theoretical amount being 2-3 grams. 

The hydrazone thus obtained melted with decomposition in one 
minute when kept at a constant temperature of 166°. When 
placed in a bath at 106° and heated moderately rapidly, it melted 
with decomposition at about 173°. 

It was moderately easily soluble in boiling alcohol, acetone, or 
chloroform, and sparingly soluble in boiling water, from all of wliich 
it crvstallised in pale yellow, slender, flattened prisms. To complete 
its identification with the hydrazone first prepared by Fischer and 
Fibers (Ber., 1884, 17, 578), it was completely analysed (Found: 
C - 51-8 ; H - 3-78 ; N = 13-C7. Calc, for CgHgO^No, C - 51-91; 
H = 3-87 ; N - 13-40 per cent.). 

It was also compared and found to be identical with the hydrazone 
prepared from specimens of mesoxalic acid obtained from uric add 
and from malonic acid. 

Oxidation of other Carbohydrates by Conccnirakd }silrk Acil 

The other common carbohydrates, dextrose, IlcvuIosc, lactose, 
maltose, and starch also yield mesoxalic acid when violently 
oxidised by nitric acid. 

Using the quantities of carbohydrate and nitric acid given above, 
the . phenomena observed are very similar to those noted when 
sucrose is employed and the yields of oxalic acid and sodium 
mesoxalate are ai)proximately the same, the amount of oxalic acid 
crystallising out being roughly tw^o- fifths of the weight of carbo- 
hydrate used and that of sodium mesoxalate about one-tenth. 

There are, however, considerable differences in the temperatures^ 
at which the initial violent reaction starts and in those reached 
during this action, but otherwise the procedure and results are 
much the same. 

Hydrazones of Mesoxalic Add. 

The h>'drazones of mesoxalic acid arc caiiily made by dissolviog 
sodium mesoxalate in warm w’ater, adding the equivalent quan i y 
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of the hydrazine dissolved in acetic acid, and heating for a few 
minutes until the solid which is first formed and which appears 
to be a sparingly soluble hydrazine salt of mcsoxalic acid dissolves 
and a clear liquid results. On cooling and adding excess of hydro- 
chloric acid, the hydrazonc of meaoxalic acid separates as a bright 
yellow solid. 

Fig. 1. 



I. Mesoxalic acid ]i-chlorophenylhydrazonc, 

II. Mesoxalic acid 2 ; i^-dkhlcrophcnylhydmzonc, 

HI. Mesoxalic acid o-eMorophenylkydrazonc. 

IV. Mesoxalic acid p-tolylhydrazone. 

V. Mesoxalic acid phcnylhydrazonc, 

VI. Mesoxalic acid o-tolylkydrazone. 

When these hydrazoncs are heated, they melt with decomposition 
at temperatures which vary within very wide limits according to 
the time taken in heating. The actual melting point of any speci- 
Jueu therefore depends on the duration of lieating, and to be of 
any use as a criterion of purity the time of heating as well as the 
temperature at which liquefaction occurs needs to be given. 

In order, therefore, to obtain comparable results the bydrazones 
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were kept at a number of constant temperatures in the neighto^ 
hood of the melting point, and the time taken before meU; 
at each particular temperature was noted. Melting-point tuteg 
of about 1 mm. internal diameter were filled to a depth of a mia 
with the powdered hydrazonc. At first a rough reading was taken 
to give an idea of the temperature required. A tube containin 
the hydrazone was then placed in an oil- bath at the particulai 
temperature and simultaneously a stop-watch w^as started which 
was stopped at the moment w^hen the hydrazone molted. Three 
observations \vere made at each temperature and the mean 
taken. 

The lowest temperature at whicli observations were made was 
in each case that at w^hich the hydrazone W'ould remain during 
three or four minutes before melting. The curves in the appended 
figure show the results. 

In the case of the bromohydrazones, the points of melting ivcre 
not sufficiently well defined to be worth recording. 

The arylhydrazoncs of mes oxalic acid are all yellow, well -crystal- 
lised compounds, moderately soluble in hot organic solvents such 
as alcohol, acetic acid, and chloroform, but sparingly soluble in 
boiling water. 

3Iesoxalic acid ihchlorophenz/lhudnizone, (COJlj^CiN'NH'CgHjCl, 
crystallises in briglit yellow', elongated prisms. If it is kept at a 
constant temperature of it first sli rinks and then melts in 

one minute. If placed in a bath at 180'^ and moderately rapidly 
heated, it melts with decomposition at 192 — (Found: Cl = 
14-07. C 9 H 7 O 4 N 2 OI requires Cl 14-02 per cent.). 

Mcmvalic add o-cJtlorophcni/Ihi/dra:;o}ic crystallises in bright 
yellow, elongated prism.s. If it is kept at a constant temperature 
of 175’, it melts in one minute. If ])lacod in a bath at 175' and 
heate<I moderately rapidly, it melts with decomposition at 182’ 
(Found : (11 14-.‘k>. ( yllvO.iNXd recpiires Cl — 14-62 percent). 

Mcsoxalic acid 2 : i-dichlotophi /if/lhi/drazonCj 

(CO.Hl.aX-NH-CgHgCls, 

cry’stallise.s in bright yellowy elongated prisms. If it is kept at a 
constant temperature of 1S2-5’, it melts with decomposition in 
one minute. Placed in a bath at 182-5’ and heated moderately 
rapidly, it melts witfi deconi position at 188® (Found ; Cl = 25-42. 
GgHyOiNjCI^ rc(iuires Cl : 2-5-00 ])er cent.). 

Mesoxalic acid li-hrotnophrnj/lhfjdrazonc, (CCglXaCiN’^H’CgHjhr, 
crystallises in bright yellow’, long, slender prisms. When heated, 
it shrinks, turns brown, and decomposes without previously 
melting (Found; Br 27-7^. CyijO^XoBr requires Br-2e84 
per cent.). 
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Mesoxalic acid 2 : i-dibrom<yphenylkydrazoney 

' (C02H)2C:N-NH‘C6H3Br2, 

crystallises in bright yellow, very much elongated prisms. When 
heated moderately rapidly, it melts with decomposition at about 
205® {Found : Br ^ 43-oC. requires Br 43-68 

per cent.). 

Mesoxalic acid ^-tolylhydrazone, (C 02 H) 2 C;]Sr'NH-C 6 H 4 Me, crystal- 
lises in pale yellow, short, flattened prisms. If it is kept at a 
constant temperature of 170-5'', it melts Avith decomposition in 
one minute. Placed in a bath at 170-5® and heated moderately 
rapidly, it melts with decomposition at 178® (Found : C = 54-13; 
H = 4-57 ; N 12-82. CjoHjoG^X, requires C = 54-04 ; H - 4-54 ; 
N — 12-61 per cent.). 

Mesoxalic acid o-tolylhydrazone crystallises in bright yellow, slender 
prisms. If it is kept at a constant temperature of 103-5®, it melts 
with decomposition in one minute. Placed in a bath at 163-5° 
and heated moderately rapidly, it melts with decomposition at 
171-172° (Found : G = 54-33 ; II - 4-64 ; N - 12-5. 
requires C — 54-04; H = 4-54; N ^ 12-61 per cent.). 

The Queen’s College, 

Oxford. [Received, October 24th, 1922.] 


CCCXXV . — The Diazo-reaction in the Carhazok Series, 
CarhazoU'^-diazoimine and ■‘3-diazonium Salts, 

By Gh.bert T. Morgan and Hugh Norman Read. 

Although carbazole has become increasingly important in recent 
years as an intermediate in the production of synthetic dyes, com- 
paratively little has been published in regard to its diazo- 
derivatives, yet obviously the diazotisation of 3 : 3'-diamino- 
carbazole has boon practised in the luamifaeture of carbazole 
yellow. 

The diazonium chloride obtained from 3-aminocarbazole is first 
mentioned by Ruff and Stein {Ber., 1901, 34, 160$), who, however, 
did nob isolate the substance, but studied it only in aqueous solution. 
Accordingly, we resolved to investigate further the properties of 
Ihig and similar diazonium salts of the carbazole series. 

The outstanding features in regard to carbazole-S -diazonium 
salts are (1) their stability compared witli the corresponding diazo- 
derivatives of the benzene, diphenyl, and naphthalene series; 
(2) their pronounced yellow colour. In the latter respect, the 
carbazole-3-diazonium salts resemble the similarly constituted 
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diazonium salts derived from ^-animodiphenylaminc and it^ 
derivatives. This analogy led us to try whether carbazole. 3 . 
diazonium chloride would by elimination of hydrogen chloride give 
rise to an internal diazoimine similar to those previously obtained 
from the diazonium salts of p-aminodiphenylamine and its nitro- 
derivatives (Ikuta, Animlen, 1888, 243 , 282; Hantzsch, Bet 
1902, 35 , 895; Morgan and Micklethwait, T., 1908, 93 , 602), 
Ruff and Stein {loc, ciL) had already tried the action of concen. 
trated sodium hydroxide on a solution of carbazole- 3 -diazonium 
chloride, but the results of their experiments were inconclusive 
We found, however, on adding concentrated ammonia, to au 
aqueous solution of purified carbazole-3-diazonium chloride in 
subdued light that a red, crystalline, sparingly soluble product 
was obtained, which on analysis proved to be the internal diazo. 
imine, an unstable substance decomposed with extreme rapidity 
on exposure to ordinary light. The formation of this diazoimine 
Ci 2 H 7 N-N 2 , which empirically is the simplest member of the scries 
hitherto isolated in a state of purity, elucidates the chemical nature 
of this group of diazo-derivatives. To phenyl -p-phenylcncdiazo- 
imine, first obtained by Ikuta {loc. cit.) from diphenylamine- 4 . 
diazonium chloride, one or other of the following constitutions 
(I or Ifi) has been assigned. 


/ 

, . ^/\ 
II I L 
\/ \/ 

(I-) 


/\/^\/\ 

I I 1 l/N 

\/ V\N 

(la.) 


The first of these postulates the existence of a seven-membered 
ring, the .second explains the existence of the internal diazoimine 
on the l)asis of a quinonoid rearrangement. The latter forimila* 
lion (In) corresponds witli tlie observation that, apart from the 
exceptional peri-diazoimines of 1 : 8*naphtliylencdiaminc and its 
derivatives (T., ]!K)G, 89, 4), internal diazoimines have never boon 
obtained wlicn the diazonium group is in the meta-position with 
re.spect to the imino-group, althougli these products should, in 
accordance with formula I, l>e eai)al)le of existence and should, as 
containing a six*nieinbered ring, be even more stable ihan the 
para-compounds. 

In the present ease, the bridgt'd formulation (1) ri renderpd 
even less probable )»y the fard tliat tlic imino-group is already 
implicated in a five-merabered ring. The quinonoid hypothesis 
offers the simplest explanation of the formation of the ne\i 
diazoimine. 
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By loss of hydrogen chloride, the yellow carbazole-^-diazonium 
cUoride (II) passes into the orange-red quinonoid carbazole-Z- 
diazoimine (HI), the reaction being reversed when the latter com- 
pound is treated with hydrochloric acid. The diazonium chloride 
and the diazoimine give rise to the same azo-^-rmphihol derivative 

(V) , the latter process being one of simple addition of p-naphthol 
to the diazoimine . Other azo- derivatives can be produced additivcly 
by employing other phenols or reactive aromatic amines. 

The formation of carbazole-3-diazoimine depends on the inter- 
vention of the hydrogen of the imino-group, for when this labile 
atom is replaced by ethyl as in '^-eikylcarbazole-^’diazonium cUoride 

(VI) the reaction with ammonia takes an entirely different course. 
Half the diazo -nitrogen is ehminated and the ill-defined solid pro- 
duct which separates has the attributes of an external diazo-oxide, 
for on treatment with concentrated hydrochloric acid it regenerates 
the diazonium chloride and yields a greenish -blue product, probably 
arising from the oxidation of S-hydroxy-A'-cthylcarbazole : 


CoH, 


(VT.) 



2KtN:riJL-N.y()TT - N. j- H.O -j- . 


M X r r . R I e n t a li. 

Oarbazole was convericd into .Y-nili'o.so-3-nitrooarl>azoIc by the 
method of Hu If and Stein [lor, i'it.) and this nitrated nitrosoaminc 
was reduced to o-aminoearhazole by uKviiis of alcoholic sodium 
sulphide (Sclnvalbo and Wolff, T., Hill, 99, ]0“>), the overall yield 
being o2 per cent. 

Car{Mzole~'^~diazo7iiym ckloride* was pre- 

* During the course of these experiments, we learnt confidentially that 
this diazonium salt had been prepared by Dr. S. H. Tucker, and we have 
accordingly refrained from any detailed iifvestigation of tlie substance. 
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pared by adding 20 per cent, aqueous sodium nitrite to a th* 
paste of 3-aminocarbazole hydrochloride in dilute hydrochloric acid 
at 8°; the hydrochloride dissolved and the diazonium chlorid 
crystallised from the filtered solution on cooling to 0“. yjjg 
product, wlien recrystallised from warm water, separated ia 
shaped clusters of yellow needles which became green at 08° and 
decomposed at 102®. When dried in a vacuum desiccator over 
sulphuric acid, the dihydrated diazonium chloride lost its wafer of 
crystallisation and assumed an orange- yellow colour. The an 
hydrous diazonium chloride darkened at 106—110° and decomposed 
explosively at 153®. The hydrated diazonium chloride gave on 
analysis the following data : — N — 15-67 ; Cl = 13*38; H^O =13*26 
CisHgNASHsO requires N = 15-82; Cl = 13*38; H“o = JS-.jc 
per cent. The yellow, anhydrous salt, after drying over sulphuric 
acid for four weeks, gave 18*01; 01 = 15*60. (YJlXf!) 
requires N = 18*30; Cl = 15*46 per cent. * * 

Carhazok-^-diazonium auricMoridc, Ci 2 HgN*N 2 AiiCl^, a bright 
yellow, sparingly soluble compound, was obtained anhydrous on 
drying at the ordinary temperature in a vacuum desiccator (Found : 
Au = 36*50, 37*22. Cj 2 HgN 3 Cl 4 Au requires Au = 36*98 per cent,) 
The yellow diazonium salts from 3-arainocarhazole were quite 
stable in the dark, but darkened on exposure to light. During the 
diazotisation of 3-aminocarbazole hydrochloride a green, insoluble 
by-product was observed from which by extraction with ether, 
long, golden-yellow needles of lY-nitrosocarbazoIe were obtained 
melting at 82° {Found : N = 14*07. CioHgONg requires N = 14*2!) 
per cent.). 

Carbazok-'^-diazoiminc. {Formula ITT) - According to the observ- 
ations of Riitf and Stein, addition of aqueous sodium hydroxide to 
a .solution of carba/.ole-3-diazonium cli!m*ide gave a red coloration 
and a separation of oily drops changing to a voluminous precipitate 
of red needles. Analyses gave no detinite indieation.s, but tee 
investigators inclined to tlie view that thi.s product was the five 
diazo-hydroxido, CijHgN^N.yOH. Out* exiieriincnls indicated, linw. 
<*ver, that tlie insoluble jinuluct Ava.s in reality the internal diazo- 
iinine, ’which was best obtained pure by adding with stirring 1 
of coneentrated ammonia to 0*3 gram of carbazolc-3-diiizoTiiuiii 
(ddoride dissolved in 10 c.e. of water, both .solutions being cooIcQ 
to 0®. A precipitate of bright orang(‘*red necMllcs separated, and 
soon the mixture became almnst .solid. The product was prepared, 
washed with ice-watcT, collootod in subdued light, and dried in a 
blackened vacuum desieeatur over concentrated sulphuric ack 
[Found ; 0 = 74*02; H - 4*09; N = 21*85 (total 99*96). 
requires C = 74*Gl ; Jl - 3*63; N - 21*76. ^^‘1^*^^° 
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0 = 68‘25 ; H = 4*26 ; N = 19*90 per cent.]. These data prove 
that the substance is carbazolc-Z’diazoimine, and not the iazo- 

hydroxide. 

When heated rapidly, carbazole-3-diazoimine darkened at 80—90® 
and exploded at 95°, but when the temperature was raised very 
slowly it began to darken at 80°, was dark broum at 105®, and the 
residue did not then melt below 300°. The diazoimine was 
extremely photo -sensitive ; it decomposed almost immediately in 
sunlight, but w*as comparatively stable in the dark. It exploded 
on nibbing or by percussion or wlicn placed near a flame. In water, 
it gave a deep red solution, but all attempts to recrystallisc the diazo- 
imine led to decomposition and the formation of a brown insoluble 
material not melting below 300°; this iU-deflned product was 
suiiilar to the discoloured substance produced by the action of light. 

The constitution assigned to the red diazoimine Avas confirmed 
by the action of hydrochloric acid, which regenerated yellow 
carbazole-3-diazomum chloride. Carbazole-3- diazoimine combined 
additively with phenols and reactive aromatic amines to yield 
azo-derivatives identical with those produced by coupling with 
carbazole-S-diazonium chloride. Mxed melting points show*ed in 
each case that the two preparations gave identical products. 

Carbazole-^-azo-^-naphthol (Formula V). — (a) From carbazole- 
3 -diazoimine : equivalent proportions of the diazoimine and 
p-naphthol were mixed and moistened with alcohol, when the 
reddish-violet azo-derivative was formed immediately. After 
washing with aqueous sodium hydroxide, the product was crystal- 
lised from glacial acetic acid, when reddish -violet needles separated, 
melting and decomposing at 277 — 278° (Found : N = 12*10. 
O 22 H 15 ON 3 requires N = 12*46 per cent.). 

( 6 ) From carbazole-3- diazonium chloride by coupling with alkaline 
p-naphthol; the product, when crystallised froin glacial acetic 
acid, gave reddish- violet needles melting and decomposing at 
279° (Found: N = 12*84 per cent.). This azo-[i-naphthol developed 
with concentrated sulphuric acid a bright red coloration changing 
to violet on exposure. 

Oarbazoh'^-azoresorcmolj Ci 2 HgN*X 2 *CG^^ 3 (^^) 2 - — mixture 
of carbazole-3-diazoiniinc and resorcinol in molecular proportions 
gave no reaction until moistened with alcohol, w’hcn an intensely 
violet azo-derivative was produced. When dissolved in glacial 
acetic acid and precipitated therefrom by water, the substance 
melted at 265—270°, 

(i) The same compound was produced by coupling carbazolc-3- 
diazonium chloride and alkaline resorcinol (m. p. 264 — 268°). 
Sulphuric acid gave a deep yellow* coloration. 
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Carbazole-Z'azO‘^-mphthijlamine, Oi2H8N*Na’CioHg*NH2, 

obtained ’on moistening with alcohol a mixture of carbazole.3, 
diazoimine and p-naphthylamine ; it crystallised from alcoholic 
reddish-brown needles melting at 260—263 . This compound 
was identical with the preparation obtained by adding successively 
carbazole-3-diazonium chloride and sodium hydroxide to a sob- 
tion of p-naphthylamine hydrochloride (Found: K 1678. 

Q H56N4 requires N == 16*67 per cent.). Concentrated sulphurio 
acid developed a deep blue coloration, becoming violet on dilution, 
Carbazole-Miazocyanide, NHICiaH/Ng-CN, was obtained by 
double decomposition from carbazole-3-diazonium chloride in either 
alkaline or acid solution. Aqueous potassium cyanide was added 
to a dilute solution of the diazonium chloride, rendered alkaline 
with sodium carbonate. A dark brownish-red precipitate was 
deposited, changing quickly to brilliant red. Crystallisation of the 
product from 50 per cent, alcohol yielded small, brick-red needles 
darkening on heating and decomposing at 155— 160^ 

On adding the aqueous cyanide to a solution of diazonium 
chloride containing excess of hydrochloric acid, a brick-red pre- 
cipitate was obtained which, when crystallised from dilute alcohol, 
also separated in brick-red needles identical with the preceding 
preparation (Found: N-25'51. requires N = 25-48 

per cent ) This diazocyanido condensed very slowly with alkalum 
rnaphthol, several hours elapsing before the reaction was com- 
pleted This slow rate of coupling suggested the of 

the cyanide. The compound was insoluble in the organic media 
and slowly became brown on exposure to light. 

Carbazole’‘i4iazon ium nitroprussidc, e(CN)5*X(), 

an amorphous, light yellow precipitate produced by douWe decom- 
position and becoming brown on exposure (hound : -^i 

Fc = 9-21. C 29H16ON12FC requires N- 27*81.; he-dwipr 
cent.). This com|X)und, when heated rapidly, became green at 
lo0° and decomposed explosively at 160°. 

:i.TriazocarbazoLc {Carbazole-'S-azoimule. honnula^ IV}. Un 
mixing aqueous solutions of sodium azide and carbazole-3-diazonuuii 
chloride the yeltow colour of the latter salt gradually faded, 
was evolved, and a white precipitate of the 
obtained in quantitative yield. Tins product was airl) 
in the ordinary organic solvents and crystallised rea J . 

alcohol, or Ugroin, separating in ‘-trous colourless plated 

with violent evolution of ga.s at u. ‘ i. beraii' 

r HN reouires N = 26-92 per cent). 3-Triazocarbaio!e 

brown on e.vposuro to lighj and c/ th 

violcnge when dropped into concentrated sulphun 
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becoming greenish-blue. Attempts made to moderate 
reaction by using dilute sulphuric acid with or without a 
^^ulvst (copper powder) led to the production of an ill-defined 
blue product mixed with a primary amine obtained only in small 

proportion. 

Ethyl Carbazole-3-azoacetoaceUUe, „ , . 

btained by adding alcoholic ethyl acetoacetate and sodium acetate 
succession to carbazole-3-diazonium chloride in aqueous solu- 
i crystallised from alcohol in golden-yellow, prismatic needles 
pelting at 193" (Found; N = 13-27. Ci8Hi,03N3 requires 
^ ;;= 13'00 per cent.). 

'^s-Ethylcarbazole-Z-diazonium chloride (Formula Vl).-“The starting 
naterial, A-ethylcarbazolc, obtained from the Gas, Light, and Coke 
Company, was nitrated by a modification of the process outlined in 
DR.p 294016 (1913). Fifty grams of ethylcarbazole, dissolved 
n 125 c.c. of benzene, were added slowly to 60 c.c. of nitric acid 
= 43'4 cent.) cooled to 0", and stirred mechanically. 
The greenish-yellow 3-nitro-xY-cthyIcarbazole, which gradually 
separated until the mixture became solid, crystallised from alcohol 
in bright yellow needles melting at 126" (compare D.R.-P. 259504, 
Full XL 172). 

3-Nitro-A-ethylcarbazole (20 grams) was rcfiuxed for one hour 
with 30 grams of granulated tin, 100 c.c. of concentrated hydro- 
chloric acid, and 35 c.c. of glacial acetic acid. The light brown 
solution yielded on cooling 34 grams of brownish-white 3-ammo- 
.V-cthylcarbazole stanni chloride, and after removmg the tm 
with hydrogen sulphide, colourless needles of the hydrocliloridc 
were obtained on concentrating the filtrate, the average yield bemg 
75 per cent. (Found : N - IMl. requires N = IWb 

per cent.). This hydrochloride resembled 3-ainmocarhazole hydro- 
chloride in yielding so stable a diazonium salt that diazotisation 
could be effected at 15—20" : 5 grams of 3-amino-X-ethylcarbazole 
hydrochloride, 6 c.c. of concentrated hydrochloric acid, lo c.c. of 
w^ter, 2 grams of sodium nitrite in 10 c.c. of water. The dark 
brown solution, filtered from a small amount of green, slimy pro 
duct, was cooled in ice, when the diazonium salt separate in 
golden-yellow needles, recrystallised from water at 18 on coo g 
the solution to— 3" (Found: N = 14-12; ^ ^ • 

Oj^HigXsCl, 211^0 requires N = 14’31 ; Cl = 12*10; H2 — 
per cent.). The hydrated chloride hquefied partly, changmg from 
golden-yeliow to canary-yellow; at 149-150^, it turned grey and 
melted completely with decomposition^ it lost its water in a vacm^ 
over sulphuric acid and then decomposed at 149 150 oun 



2716 THE diazo-ebaction ih the CARBAZOLE series, 

N = 16-10; 01 = 13-86,13-75. C 14 H 12 N 3 CI requires N le j). 
Cl = 13-76 per cent.). The anhydrous chloride was also obtaiaod ij 
canary-yellow needles by adding ether to an alcoholic solution 
of the hydrated salt. When left in the air, the water of crystallis. 
ation was recovered quantitatively. The action of light on A -ethyl. 
carbazole- 3 -diazoniuin chloride was inappreciable, in which respect 
this salt differed considerably from the photochemical carbazolc- 
3 -diazoiiiuin chloride. 

3 -Ti“iazo-A^-ethylcarbazoIc, obtained by double deconipositioa 
from the chloride and sodium azide in aqueous solution, ^vas oily 

and was not further examined. 

'^-Elh}jlmrbazole-Z4iazonium aurichloride, OoH 
lieht yellow compound, produced by double decomposition 

TT XT /O An All— 


per 


contained An = 35-37. CiiHuNjCljAu requires Au = 35-12 

^-JUthylcftTbazolc-^'didzouiuM dichTOtrutt^, {C2H3N.C,2H,-N2)3Cr,0-, 
a comparatively stable salt separating in bright yellow, acicnlar 
prisms from aqueous solution of the chloride and an alkali 
^chromate, was more soluble in hot water (Found : Cr = lo-OO. 
CogHyOjNjCra requires Cr = 15-76 per cent.). 

H-Ethylcarbazok-^-diazonium cyanide, a bright red compound 
separating from alcohol in needles, prepared by double decompei 
tion in acid or alkaline solutions, coupled very slowly with alkaline 
p-naphthol and decomposed indefinitely at 148—155“ (Fousd: 
N = 22-53. CisHijNg requires N = 22-58 per cent.). The cor- 
responding nitrojmisside, [FclCNlsNO] 
separated in bright yellow, mici-oscoiiic needles jFound ; X = 25-a6. 
CjjHjiOXijFc requires N = 25-46 per cent.). 

Ethil l!i-dhidMrbazotc-:i-azoaceloaceMc, 

_ \n idcoholie solution of ethyl acetoacetale and erystailini- sodium 
acetate were added to aqueous A-cthylearbazole-3-diazomum 
chloride, and the azo-conden.sation product, which separated as ,111 
oUy mass, was obtained solid from ctlicr and 

alcoholingolden-yeliowncc(JJcsmoltmgatl2o‘' (bound: - . 

C,„H,, 03 *^ 3 requii-csX = 11-66 pci- cent.). ■ 

Action of Aqueous Ammonia on ]A-Ethylcuibazok-i-dnMn 
Chloride.-So far the lichaviour of A^othylcaibazolc-S-diMcmuin 

chloride closely resembled that of carbazolc-3-diazomum riW ■ 

but the reactions of these salts with ammoma were qui 0 driw^ 
On adding 10 c.c. of concentrated ammonia to O'o gram of an ) 
Ar-ethykai-bazolc-3-diazoniutq chloride m 30 c.c. of wa er . 
the soliftion became reddish-brown and a brow-n, amorp 
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slowly separated with evolution of gas. There was no appearance 
of a crystalline product comparable with that from carbazoIe-3- 
diazonium chloride and ammonia. The experiment was repeated 
in a volumeter, when the loss of nitrogen was 5 TO per cent. ; for 
half the diazo-nitrogen this percentage should be 5-44. The solid 
product, although insoluble in water, dissolved readily in benzene, 
being precipitated therefrom by light petroleum as a light brown, 
microorystalline substance charring at 150—155'' {Found : 

12*76. C28H24ON4 requires N =- 12*96 per cent.), a result 
corresponding with the composition of an external diazo-oxide. 
When treated wit];i concentrated hydrochloric acid, this substance 
was decomposed into a greenish-blue, indefinite product and 
W-ethylcarbazole-S-diazonium chloride, the latter being identified 
by its bright yellow colour and power of coupling with alkaline 
^maphthol to a reddish-violet azo-compound. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have helped to defray the expense of this 
investigation. 

Chemical Depaktment, 

University op Birmingham, 

Edgbaston. [Recewedf l^^ovembtr 6M, 1922.] 


CCCXXVI . — The Oxidation of Sahinene with Chromyl 
Chloride, 

5y George Gee^ild Henderson, John McGregor Robertson, 
and David Christie Brown. 

Previous investigations have shown that a number of the terpenes, 
)oth monocyclic and dieyclic, unite additively with chromyl chloride 
o form sohd compounds of the formula Cj(jHig,2Cr02Cl2, w'hich, 
vhen decomposed by water, yield mixtures of aldcliydos and ketone.s 
lerived from the corresponding hydrocarbons (Bredt and Jagclki, 
innalen, 1900, 310, 112; Henderson and others, T., 1903, 83, 
1299; 1908, 93, 288; 1911, 99, 1S87). It has no>v been found 
Jiat in this respect sabincnc resembles other dicycIic terpenes. 
JVhen a dilute solution of chromyl chloride in carbon disulphide is 
flowly added to a similar solution of sabinene, care being taken to 
prevent rise of temperature, a solid separates. This compound is 

E Jadily decomposed by water, \vith formation of an insoluble liquid 
roduct together with a certain quantify of resinous matter. The 
rincipal constituents of the Hquid, apart from some indefinite 
VOL. CXXI. 4 Z 
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(1.) 


resinous materials, are a saturated aldehyde, CgH^u'CHo, and 
unsaturated ketone, CgHj^O, which arc present in 
equal proportions. In addition, a small quantity of an isomeri' 
ketone was separated in the form of its scmicarbazone. ^ 

The aldehyde, which is a viscous liquid, rmdergocs spoutaneoi 
oxidation on exposure to air. The crystalline acid, CgHjj*OOH 
thus produced melts at 175"^ ; it is also obtained when the aldehV 
is heated with dilute nitric acid. As the acid is prepared fro]]i 
sabinene by a method similar to that by wliich camphenc is converted 
into camphenilanic acid, it may be named sabinenilanic acid If^ 
constitution has not been elucidated as yet, but if it be assumed 
that the structure of the sabinene nucleus remains uuchauf-ed 
during the process of oxidation, the formula will be (I), 

9O2H 

CH CO 

Hc/\cH2 ,jj ) H.cAcH" 

c c 

CHMc. UlMej 

The two ketones were separated by taking advantage of tfe 

dilferencc in solubility of their semicarbazones, that of the chief 
constituent being very sparingly soluble and the other readily 
soluble in cold alcohol. After several crystallisations, the former 
semicarbazonc showed a constant melting point of 20o". The 
ketone, liberated from it is a colourless liquid of pleasant 

odour, winch boils at and behaves as an unsaluratcd compound 
towards bromine and potassium permanganate. Taking into 
account the properties of the ketone as well as those of its semi 
carbazonc, there can be little doubt that it is d-fsopropylidcne 
c/yefohexanoue (II). This kctouc was obtained by Perkin (T., 1901 
91, 1736) as a product of the liydrolysis of I'thyl 4-woprop}’jidi’ut> 
cyc/ohexa none -ri-car boxy late, and also by Wallacli {Anuakn, ISOtf, 
359, 305) on heating with dimethylaniliuc the compound (IV) 
which he had pre])ared by the action of hydrogen chloride on sahina 
ketone (111). The melting point of the seniicarbazoue of our ketone 
is, however, somewhat higher than that (20 P) quoted by these 


observers. 

CO 

CO 

CO 


11,C/\CH.. 

HxAch, 


hxMch; 


V 


c 


muc.^ 

CHMcj 

(HI.) 

(iv.) 

(V.) 
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On reduction with sodium and alcohol, the ketone is converted into 
tlie secondary alcohol, ^Aaopropylidcmcychhexariol, C 8 Hi 4 >CH*OH, 
a liquid with a pleasant odour which boils at 134°/40 mm. Its 
ymirobenzoate is a colourless, crystalline solid, m. p. 63°. 

jiVfter repeated crystallisations, the melting point of the semicarb- 
azone of the ketone present in small quantity in the original oxidation 
product was found to be 168—169°, whilst Wallach {loc. cit.) gives 
as 169—170° the melting point of the semicarbazone of 4-isopropyb 
A®-cyc?ohexenone (V). This ketone he obtained, together with the 
isomeric A^-compound as principal product, on heating sabina ketone 
with 20 per cent, sulphuric acid. The quantity of the semicarbazone 
of m. p. 169° in our hands was so small that it was not possible to 
separate and identify the ketone. 

It might have been anticipated tiiat sabina ketone would be one 
of the products of the action of chromyl chloride on sabinene and 
it is at least possible that this w*as actually the case, and that the 
sabina ketone originally formed was caused to undergo intra> 
molecular rearrangement under the influence of the hydrochloric 
acid which is always liberated along with chromium chloride and a 
little chromic acid when the additive products, CioHiQ, 2 Cr 02 Cl 2 , 
are decomposed by water. If that had been the case, however, 
one would have expected, in view of Wallach 's results, to find 
4-i6opropyl'A^-cycZohexenonc in our product, vhereas none of this 
compound could be detected. 

E X P E It I 31 E X T A L. 

Separation and Oxidation of Sabinene, 

Sabinciio was separated from oil of savin as follows. Tlie oil 
was distilled in a current of steam for about half an hour, and the 
oily distillate collected and treated under reflux for some time with 
sufficient alcoholic sodium hydroxide, to hydrolyse the sabinol esters 
which it contained. Alter passing in carbon dioxide to neutralise 
any free alkali, the mixture was distilled in steam, and the distillate 
collected in two approximately equal fractions. The first of these, 
which contained practically all the sabinene, was extracted with 
light petroleum, the extract dried over anhydrous sodium sulphate, 
the solvent removed, and the residual liquid distilled in a current 
of dry carbon dioxide. The yield of sabinene (b. p. 163 — 165°) 
obtained was nearly 19 per cent, of the weight of the oil of savin. 

A 10 per cent, solution of 100 grams (rather more than 2 mols.) 
of chromyl chloride in carbon disulphide added, in small quan- 
tities at a time and with constant agitation, to a similar solution 
of 40 grams (I mol.) of sabinene, both solutions being well cooled 
^vith ice- water. During this part of the process, any failure to 
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keep the solution cool results in much loss by resinification of the 
sabinene. A precipitate of the solid compound began to separate 
at once, and was left to settle for a day or two. Ihe liquid 
then decanted, and the thin, pasty mixture of the solid compound 
and carbon disulphide poured, in small quantities at a time, into 
ice-cold water, w'ith vigorous agitation after each addition, d’he 
quantity of carbon disulphide present in the mixture was sufficient 
to extract most of the oxidation product from the water, and the 
last traces were recovered by successive extractions with ether and 
with light petroleum. The solutions were washed with water and 
dried over anhydrous sodium sulphate, and the solvents removed by 
distillation. M the residual oxidation product contained a consider, 
able proportion of resinous substances, it was further purified by dig. 
tillation in steam, an approximately 50 per cent, yield being obtained. 

The solid additive compound, CjoHjg,2Cr02Cl2, is very similar to 
those obtained from other terpenes. When dry, it is a grey powder, 
which quickly begins to undergo decomposition when exposed to 
moist air, and which reacts vigorously with water. 


Separatioti and Oxidation of Sabinenikinaldehyde. 

The oxidation product, after steam distillation, was mixed with 
excess of a freshly prepared saturated solution of sodium hydrogen 
sulphite, and shaken at intervals for several days. The bmlphite 
compound, which separated slowly in the form of a colourless, 
finely crystalline solid, was collected and washed with alcohol and 
with ether. The residual oily liquid recovered from the filtrate 
and washings was again shaken with sodium hydrogen sulphite, 
and the process repeated until no further separation of crystals 
took place. The bisulphite compound was heated with excess of 
af^ueous sodium carbonate, and the liberated aldehyde distilled oS 
in a current of steam, separated from tlie distillate by means of 
ether, and purified by distillaticur. 

Sabinenikinaldrbjdr, Cyiis’CHO, is an almost colourless, viscous 
liquid, which boils at 2^•i-217^ and has the strong, peculiar odour 
characteristic of such terpeno aldehydes. It dissolves easily in the 
usual organic solvents, and is oxidised to the corresponding aci 
when exposed to air. The s^micarbazone of the aldehyde, prepaml 
in the usual manner, separates from methyl alcohol, m whkh it is 
freely soluble, in colourless cpy'stals, m. p. 145— 1 46 ( ouii 
N - 20*0. CjoHjbO requires N - 20*1 per cent.). 

SahineniUmic acid, was prepared by 

oxidation of the aldehyde, and ako by heating it with dilute to 
acid. It was purified by crystallisation from beni_ene, from uB 
it separates in small, colouAess prisma, m. p. lio— l^h. 
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very readily soluble in alcohol or ether, and sparingly soluble in 
Tvater or cold benzene. Towards bromine or potassium perman- 
ganate, it behaves as a saturated compound. The sodium, calcium, 
and barium salts are readily soluble in water, the silver salt almost 
insoluble (Found : C — 71-3; H — 9-7. requires C = 

H = 9'5 per cent.). 

Separation and Reduction of 4^-i^oPropylidenecyc\ohexanone. 

The mixed ketones which remained after removal of the aldehyde 
from the original oxidation product were converted into semi- 
carbazones in the usual manner. The mixture of semicarbazones 
was dissolved in boiling alcohol and on cooling the bulk crystallised, 
but a small portion remained in solution and was precipitated by 
addition of water after removal of the crop of crystals. By repeti- 
tion of this process, we obtained a semicarbazone which melted 
sharply at 205®, and a small quantity of a second semicarbazone 
with a melting point of 168 — 169®. The ketone, 4-i5opropylidene- 
cyclohexanone, CgH^^O, was prepared by decomposing the semi- 
carbazone of m. p. 205® with the calculated quantity of oxahe acid, 
distilhng the mixture in a current of steam, and extracting the 
ketone from the distillate 'wdth ether. It is a colourless liquid of a 
pleasant odour which distils at 220® without decomposition, and as 
an unsaturated compound at once reacts with bromine and with 
potassium permanganate. It is almost insoluble in water, and 
readily soluble in alcohol or ether. Its composition was determined 
by analysis of the semicarbazone (Found : G = 61*9; H = 8*7 ; 
N - 21*7. Calc., C - 61*5 ; H -- 8*8 ; N = 21*5 per cent.). 

The corresponding alcohol, 4:-isopropylidenecyc\ohexanol, 
CgHi 4 >CH*OH, was prepared by addition of sodium in excess to a 
methyl- alcoholic solution of the ketone, and subsequent treatment 
with water, extraction with ctlier, and distillation of the crude 
product under diminished pressure. The alcohol was thus obtained 
as a colourless, viscous liquid *\vith an odour somewhat like that of 
menthol. It boils at 134®/40 mm. and is sparingly soluble in 
water, but dissolves easily iu alcohol or ether. When treated, in 
pyi'idine solution, with p-iiitrobenzoyl chloride, it yields a p-nitro- 
benzoate, which crystallises from alcohol in small, colourless prisms, 
HI. p, 63®. 

We are indebted to the Depaitment of Scientific and Industrial 
Hesearch for a grant which enabled one of us (tl. M. R.) to take 
pait in this work, and to the Carnegie Trust for a grant which 
defrayed part of the expense. 

Univeesity op Glasgow. \Keceived, November 1922,] 
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QCGXXyill.~Resordmlfhenylsucd7if.in. 

By Aethur Lapwoeth and John Alexander McRae, 

The improvements in the modes of preparing succinic acids con- 
taining aromatic substituents, described by the authors in another 
communication (this vol., p. 1699), make it possible to obtain many 
of these compounds cheaply and if necessary in large q^uantity. 
therefore seemed worth while to examine their application for the 
preparation of colouring matters, where there is a very wide feH 
to be explored. The time which it \vas necessary to devote to the 
study of other aspects of the syntheses of the succinic acids defafed 
attention from wliat was the original line of work ; the preparation 
and characterisation of rcsoreinolphenylsuccinein and its tetrabromo. 
derivative were completed, however, and as tlic authors arc no 
longer able to work in collaboration, the results are hero recorded. 

The methods described in the literature for the preparation nl 
resorcinolsuccincin by the condensation of succinic anhydride and 
resorcinol (Nencki and Sieber, ./. pr, Chem., IbSl, [ii], 23, b»2), and 
of fluorescein, do not seem at first sight to offer any great diflienllv; 
but a closer examination shows that these substances are formed 
along with Ijy-products from which sometimes it is not easy t» 
obtain the pure compound. Considerable doubt seems to he 
associated with the eharactcrisation of fluorescein, for H. v. LieKg 
{J. pr. Chem., 1912, [ii], 85, 97, 241) claims to have isolated five 
different modifications of this substance. 

It was found a relatively simple matter to effect the condensalion 
of phcnylsuccinic acid with resorcinol, but it was with ennsiderahle 
difficulty that a pure crystalline specimen of the product vus 
isolated” Phenvlsuccinein appears to give two hronio-denvativis, 
one colourless and ei'vstalline, tl.e other red and amorphous. 

I'he colourle.ss foru'i dissolves iu dilute alkali to give an intensev 
red .solution which yields ™ acidification an amorpiious, ml * 
stance. Tiie rciation of ilu se snlistanees was not investigated in 
detail but it may lie nob'd liiat Pratt, llulehinson, ami Harvoy 
(.7. Ame.r. Chem. Soc., I!ll9, 41, 1293) obtained teirabrmwK'osra hi 
tlie bromination of telrabromothinn'seein as a family 1’"* X 
giving intensely coloured solutions in alkali from « nn ' 
precipitated a volnminoiis liydrafe. 

... i-,./C'„H3(()II)\pxO— CO 

Jie.<iorcinolphev>ilmeniiein., • ^^('HyCHi’li' 

mixture of pbcnyl.succinic acid (146 grams) awl 
grams) was heated in an oil-jrath at l.ffu and . o g 
Lsed and finely powdered zinc cliloridc, prepared accordm. 
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fopisarow (T., 1920, 117 , 209), were stirred in. The mixture waa 
lieated for seven hours at 135 — 145°, by which time the contents of 
the flask had become solid. The melt was dissolved in very dilute 
caustic soda (about 3 per cent.) and then acidified slowly with 
dilute hydrochloric acid, avoiding any temporary local excess of 
acid, which caused the precipitate to “ ball together. The brown, 
amorphous precipitate after drying was boiled with alcohol, leaving 
a residue of 9 grams, which was dissolved in hot phenol and filtered 
while hot from a small amount of insoluble material ; on the addition 
of alcohol to the filtrate a yellow, semi -crystal line substance w^as 
precipitated. This was collected, washed well with alcohol, and 
heated under reduced pressure at 100° until the odour of phenol 
disappeared. It melted and decomposed at 249° (Found : C ~ 
74-0 ; H = 4*4. C22H10O5 requires C = 73*33 ; H = 4*44 per cent.). 

EesorcimlpJienylsuccinein is an orange, semi-crystalline substance 
very slightly soluble in water and sparingly soluble in alcohol, 
giving a yellow solution with green fluorescence. The dried sub- 
stance dissolves slowly in ether, although the freshly precipitated 
material dissolves readily. It is readily soluble in acetone or acetic 
acid, very slightly soluble in benzene, and moderately soluble in 
hot phenol. On boiling with benzene, it becomes dark red. 

It dissolves in concentrated sulphuric acid forming a deep yellow 
solution with, a bluish -green fluorescence ; with dilute caustic soda 


it gives a red solution which on dilution has an intense green 
fluorescence, and a direct comparison showed that the intensity 
\va.s of the same order as with fluorescein in similar circumstances. 

A number of other condensing agent.s w ere tried for the preparation 
of this succinein, including concentrated sulphuric acid and plioa- 
phoryl chloride. Some experiments with stannic chloride, made 
almost at the end of the work on the phenylsuccinein, seemed to 
show that it could replace zinc chloride w’ith advantage. In another 
experiment, the method used by Friedl, Weizmann, and Wyler (T., 
1907, 81 , 1585) in tlie making of the fluorescein of 4-liydrox\q)hthalic 
acid w*as tried, with favourable results: the metliod as applied to 
tlio pre.sent ca.se consisted in heating plienybsuccinie acid and 
resorcinol with a large excess uf a ecncMMitrated solution of zinc 
chloride. 

Bmmiimlim of ResorcinolphemjUuccineiu. 

C,HBr,(OH). . 0 — CO 
CsHBrjlOH)^^' CHa'CHPh 
—Three grams of resorcinolphenyisuccinein w’crc suspended in 20 c.c. 
of alcohol and 6 grams of bromine (slightly more than 4 mols.) 
were dropped in, the succinein going into solution as the reaction 
took place. The solvent was allow’ecf to evaporate and the residue 
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rubbed up with benzene, which dissolved the greater part but left 
a faintly coloured residue ; this, when recrystallised three tiaeg 
from alcohol, gave an almost colourless substance softening at 
and melting at 295°. It became slightly pink on standing in 
vacuum desiccator (Found : by Bobertson’s method, Br == 
^ 22 Hi 2 ^ 5^^4 requires Br = 47‘33 per cent.). 

The substance dissolves in alkali to give an intensely purple.jg^ 
solution, which on standing deposits an amorphous, brown pre 
cipitate which no longer dissolves in alkali. If the alkaline solution 
is acidified quickly, a red, amorphous precipitate is obtained wbicli 
can again be dissolved in alkali to give a red solution but not o{ 
the original intensity. 

A crystalline compound was not isolated from the benzene extract 
of the bromination product. Only a red, amorphous substance 
could be obtained, 

The authors’ thanks are due to the Canadian Honorary Advisoiy 
Council for Scientific and Industrial Research for the grant of a 
fellowship to one of us (J. A. M.) which enabled him to take part in 
this work. 
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CCCXXVITI . — The Beaclivity of Methyl Groups m 
Heterocyclic Bases. 

By Wii.TJAM Hobson Mri.us and Ja:\ies Leonaku Bbierley 
Smith. 

Lv its characteristic reactivity, the 2-niethyl group in quinaldine, 
a-picoline, and similar heterocyclic baso.s coiTC‘Sf)orids ift many 
rcsi)ects with the methyl group in such compound.s as the methyl 
ketones or nitromcthanc, or with the ]netliyl<^ne group iu 
phenyl acetonitrile. 

In these .substances, it lias long been recognised (for example, 
Henrich, Bc.r., 1899, 32, fiS8) that a marked similarity in consti- 
tution exists; the methyl or methylene group is in each case 
attaeliod to a iniiltivahuit ejement, Y, which is in turn douby 
(or trebly) linl<ed to an el(Mn(‘nt of strongly negative rharaclcr, 
7j, according to a scheme such as *'(/H 2 *YIZ. 

It is therefore iirobable that, as wa.s suggested liy Henrici 

* Planchcr {GinzclUt. 180S, 28, ii, 41T) made a similar suggestion to 
for the reactivity of the 2*mcthyl group in 2*mctbyl-3 : 3 -diet ly m ^ 
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(compare Vorlander, Ber., 1902, 35, 4145), ^he 2-methyl group 
: of the pyridine and quinoline series owes its reactivity 

to its being associated, as represented in the Korner-Dewar formula 
f uvridine, with a -C!N”groiip, the effect of the on the methyl 
oun in the grouping CHg'CiN- corresponding with that of the 
^rbonyl group in the grouping CHg-CIO of the methyl ketones. 

If this is true, the possibility of the existence of two chemically 
distinct forms of a-picoHne is indicated, one (I) with a reactive, the 
other (II) with a non-reaetivc methyl group. It is scarcely to be 

/\ 

CHPhlCHl^^CHiOHPh 
N 

(IV.) 

expected that these two forms could be obtained each apart from 
the other on account of the mobility of the system of linkages 
existing in the pyridine ring ; for example, 2 : 6-dimethylpyridine 
(III) gives with benzaldehydc and zinc chloride a dibenzylidenc 
derivative (IV) (Schuster, Ber., 1892, 25, 2398). 

If, however, by some means, the mobility of the linkings in the 
pyridine ring could be diminished, it might be possible to demon- 
strate a difference of reactivity of the methyl groups attached to 
the carbon atoms on either side of the nitrogen atom. 

There are two obvious methods by which the mobility of the 
linkages in a ring of this kind can be limited. The first consists 
iii the fusion of the pyridine ring with a benzene ring so as to pro- 
duce an woquinolinc nucleus. The tendency of each of the two 
six-membered rings to maintain its aromatic character should then 
fix the linkings in the resulting t^oquinolinc nucleus in positions 
corresponding with those assumed in Erlenmeyers naphthalene 
formula. Marckwald {Annalen, 1893, 274, 331; 1894, 279, 1) 
has shown that much experimental evidence exists in favour of 
this view. 

The two isomeric a-picolines fused thus with a benzene ring 
give l-raethyU' 5 oquinoiine (V) and 3-methyh5oquiiioILne (VI), 
respectively. The former compound should contain a reactive, 
the latter a non-rcactive, methyl group. 


A 

A 

A 

N 

N 

CH3l^^CH3 

N 

(I.) 

{II.) 

(III.) 



N 




CH, 


(VI.) 


N 


(VIL) (VIIX.) 

N N 
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The second raethpd of fixing the linkages depends on the 
bility of replacing a -CgHj- group in the pyridine ring by aii 
of sulphur. This replacement gives, instead of pyridine bases 
bases of the thiazole series, and the resemblance in physical and 
chemical properties between the compounds of the two series 
which Hantzscli has described {Annaleri, 188‘), 250, 258), is cved 
more striking than that between benzene and thiophen. In 
of the two forms of a-picoline we then have 2-methylthiazoic 
(VII) and 4-methyithiazolc (VIII), and according to the foregoing 
considerations the former should contain a reactive, the latter a 
noil-reactive, methyl group. 

Investigation of these woiiuinolinc and thiazole derivatives has 
shown that in fact the properties of a methyl group adjacent to 
the cyclic nitrogen atom in bases of tins typo differ in the most 
marked manner according to the side of the nitrogen atom oiuvhicli 
the group is situated. 

The isomeric 1- and 3-methyh’50iiuinoliiies were first investigated. 
Their behaviour towards benzaldeliydc was compared and ivas 
found to stand in sharp contrast. 

When 1-metliylMoquinoline :vas treated with benzaldeliydc at 
lOO"" in presence of a small (luantity of zinc chloride, condensation 
was found to take place readily ; water was seen to separate, and 
the condensation product, l-styryhko(piinoline, crystallised on 
cooling. 


/\/\ 




ch:ciip!i 


W’hen 3-iiu’t[iyl/,yoiiLiiiioline, on tlie otlu r iiand, was lieatcd with 
bcnzaldehyde and zinc chloride under eoi’respondiiig conditions, 
no condensation took place even after prolonged heating; there 
wa.s no se[)aratioii of isater, and the base and the iKmaideliyde 
could botli bo recovered unchanged. 

The reactivity of the meihiodidt's of the two bases was tlioi 
cennpared. The reactive <‘haracter of the 2 -methyl group in to 
like a-picoline and (piinaldine becomes greatly cnliauced nlicn 
the bases arc converted into tlicir quaternary salts. lor example, 
a-picohne and quinaldine apparently cannot be made to condense 
with nitrosodimethylaniline. The alkyliodidcs of tliese baiscs, 
however, condense with nitrosodimethylaniline witli very 
ease in alcoholic solutitin in presence of piperidine to azo 
methine derivatives, quinaldine cthiodide for instance givi% 
compcrtind IX (Kaufmann, ifer., 1912, 45, 1736) : 
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JcHIN-CsH.-NMe^ 
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NEtl 


.\<rain, quiiialdintj can bo made to condense with ;>-climethyI- 
ftiuinobcnzaldeliyde, as Mr. E. S. Dewing and one of us have found, 
Ijv heating the two substances tugetiier for some hours at 100® 
Itli zinc chloride; but (;uiiialdinc ctliiodidc, in presence oi a 
small quantity of piperidine, condenses with this aldehyde even in 
dilute alcoholic solution, giving p-diniethylaminostyryl derivatives, 
such as the compound (X) obtained from quinaldinc ethiodidc 
(Konig, F- Okem., 1912, [ii], 86, 172 ; 1021, [ii], 102, 63 ; Barbier, 
Bull. chini., 1920, [iv], 27, 427 ; Dope and Mills, this vol., 
p, 946). 

On account of the readiness with which these condensations 
take place and the intense colour of the products, tlmy provide 
an exceedingly delicate test for the reactivity of a methyl group 
in bases of the type under consideration. On investigating the 
methiodides of 1- and 3-JUcthylwoquinoline in this manner, a 
difference in reactivity was observed which corresponded exactly 
with that showTi by the free bases. 

When l-metbyh’ 5 oquinolinc was heated in alcohohc solution with 
p-dimethylammobcnzaldehyde in presence of a small quantity of 
piperidine, a deep red colour was very rapidly produced and the 
condensation product to which it was due, X-^-dhnethylaminostyryl- 
iioqu i?ioU n e m ethiodid e , 



CH:CH*C,HpNMe^ 


was easily isolated in crystalline form. 

When, however, 3-methyh6‘oquinoiiiu' m ethiodidc was treated 
ill the same way, no trace of colour ( liaractcristic of a p- dimethyl - 
auiinostyrjd dyestuff appeared and no other evidence of the 
occurrence of condensation could be obtained. 

Similarly, a hot alcoholic solution of l-methyhioquinolinc metli- 
iodidc and nitrosodimcthylaniiiue, on addition of a few drops of 
piperitUne, at once became deep purple, evidently on account of 
the formation of a dimethylaminoazomothine derivative, whilst 
in the corresponding mixture in which tlie 1 -methyl racthiodide 
TOreiffaced by the 3-methyl isomcride, there was no development 
of colour. 

lurther, it appears that l-methyl/soquinulinc methiodide can 
undergo a cyanine condensation wifb quinoline alkyliodides, hut 

4 z* 2 
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that 3-iDethyltsoc[uinoUnc methiodide is unable to take pajt 
such a reaction ; for on heating the latter methiodidc with an 
alcoholic solution of quinoline methiodide and sodium hydroxide 
no colour appeared, but ^vith the. former an intense red colour 
was quickly developed and the solution then showed a double 
absorption band in the green similar to that wliich characterises 
the isocyanines. 

After the great contrast in the reactivity of methyl groups in 
the 1- and 3 -positions in isoquinoline and its quaternary salts had 
thus been demonstrated, we proceeded to examine the methyl 
derivatives of the ba^jcs of the thiazole scries in a similar manner 

The simple methylthiazolos are somewhat difficult to prepare. 
Our experiments were therefore carried out with the two isomeric 
compounds, 4 -phenyI- 2 -methylthiazole (XT) and 2-phcnyI-4-methyt 
thiazole (XII), which are readily obtainable by methods described 
by Hantzsch {Ajivalen, 1889, 250, 269) and Hubachcr {Anmkn^ 
1890, 259, 236) : 

S S 

phLJ? 

The methyl groups in these compounds showed a difference in 
reactivity which was entirely comparable with that of those in the 
two methyli^oquinolines. 

The methyl group in 4-phenyl-2-methylthiazolc was even more 
reactive than that in l-metliyh>oquinoline. The free base entered 
into condensation with beuzaldchydc very readily to give 4-phenyl- 
2‘Styrylthiazole (XIII) ; it also condensed with phthalic anhydride 
to give the thiazole analogue of quinophthalone (XIV). 

ixm.l 

The reactivity of tlio methiodidc w'as still more pronouned. 
With the greatest facility it gave a p.dimethylaminostyryl denv- 
ative with p-dimethylaminobcnzaldehyde, an azomethine derivathe 
with nitrosodimethylanilinc, aud a dye of the cyanine- type wit 
quinoline methiodide and alkali. 

In the isomeric base, 2 -phenyl -4-mcthylthiazolc (XII)} on 
other hand, the methyl group, at least so far as reactions of t e 
type of the foregoing are concerned, was found to be comp e . 
non-feactive. The free base could not be made to . 

benzaldehyde, and the methiodide appeared to be who y in 

towards p-dimethylaminobenzaldehydo or nitrosodime ly 


/\ph 

Me'UlN 
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and to be incapable of forming a cyanine dye ^vith quinoline 
methiodide and alkali. 

It is thus perfectly clear that there is a very definite difference 
in the reactivity of a substituent methyl group adjacent to the 
nitrogen atom in woquinolino and thiazole bases according as it is 
situated on one side or the other of the nitrogen. 

This would appear to provide evidence of some corresponding 
difference between the linkings by which the nitrogen atom in 
i^oquinoline and thiazole nuclei is attached to the carbon atom on 
either side of it and thus to support that view of the constitution 
of the nuclei of these heterocyclic bases, ^vhich was used as the 
basis of the considerations at the beginning of this paper, according 
to which the atoms are regarded as alternately singly and doubly 
linked, as in Kekule’s formula for benzene. 

It is nevertheless desirable to consider the facts more closely. 
There is an evident similarity, as has already been stated, between 
the types of reaction of which the methyl groups in these nitro- 
genous heterocyclic bases are capable and those which are char- 
acteristic of the methyl group in the methyl ketones. It appears, 
however, to follow, from the work of Lapw^orth on acetone {T., 
1904, 85, 30) and that of Dimroth {Ber., 1907, 40, 2404) and K. H. 
Meyer {Annalen, 1911, 379, 59; 380, 212, etc.) on the relative 
activity of keto- and enol-dcsmotropes, that tlie distinctive re- 
activity of the methyl in compounds containing the grouping 
CHg'CO- is dependent on their capability of passing over in a 
greater or less degree into enolic modifications. It is therefore 
exceedingly probable that the capacity of the methyl group as such 
for direct condensation is comparatively slight. 

If this is so, then the marked po^vpr which quinaldine, for example, 
possesses of condensing with aldeliydes and similar substances 
must be due to the presence, under tlic conditions of the reaction, 
of a small quantity of a reactive taiitomcride with which it exists 
in equilibrium. Such a lautomeride could scarcely be other than 
the substance XV, the constitution of which corresponds closely 



with that of the enolic modifications of methyl ketones. The re- 
activity assigned to this substance is in harmony with the work of 
;K, H. Meyer [Ber., 1921, 54, [/?], 22()5, 2258), who ha.s given reasons 
;for attributing groat activity to the groupings NHo'CiCHg and 
iNMeg'C.CHg, There is also evidence* from analogy to show that 
[there is nothing improbable in the assumption of the limited form- 
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ation of suck a compound from quinaldine, for the occurrenr^^ of 
) 50 ]Tic\vhat similar changes in pyridine and quinoline derivatives is 
dearly indicated (tor example, Marckwald and Meyer, .filer,, 

33 1885 • Farglicr and Furness, 1’., 11115, 107 , (188; ceiripjpj 
Tschitechibabin and R. and A. Konowalowa, Bcr., 1921. 54, [q 
S14), and substitution derivatives ot this and analogous compounils 
exist (for example, Brunner, Ber., 1898, 31 , 1947; Decker and 
Klauser. Ber., 1904, 37 , 528; Hamilton and Robinson, T., l!)l(;^ 
109,1035; Mills, this vol., p. 457).* 

It is therefore possible to consider the difference in reactivity 
shmvn by a methyl group in these heterocydio bases according as 
it lies on one side or the other of the nitrogen atom not onlyfroa 
the point of view of the nitrogen-carbon linkages, but also from 
the different but closely related aspect of tautomeric change. The 
contrast in properties observed in the pairs of i,somerides studied 
mav be regarded as indicating that passage into a reactive form 
is possible when the methyl group Is in the one position, kt 
not when it is in the other. 

On this view, the reactivity of the methyl groups in quinaldine, 
lepidine, 1 -metlivh'soqninoline, and 4-phenyl-2-!ni thylthiarolc is 
dependent on a power possessed by these liases of jiassing over to 
some extent into forms of the constitutions : 



. From tlris pol.il of view, the rci.ellvity of tl.o methyl group in 
y .nife of ciuinalitiue and similar bases teeomes more Mflily 
^I'tcllidble. For tire various comlensations ol these substam-es ivilii roni- 
” f i' tbf, (vne X'O (nldfliydr-s, nitroso-ennipounds, ete.) are broU!;t!t 

pounds 0 . ‘51* s,;<.h a.s piporidine-that is to nay, nmlr, 

about m presi u'aortaiii amount of tlic <inaternary salt mast. t( 

by tUvd of the neat into the .V-a,byl deriva. ive ot tha. - 

pound to wbieli the reactivity of tl.e aupposol tn le 

The eondensationa ot the quaternary sals i bo "roofing 

eq ctcl through these .nethj h ne lueses, wh.eh contam th.. reotOt, .ro , 
^'Alk-C:Clk. as indicated ,n the followmu .schetn,. t 




I i IcillX H,() 

^\/\/ * 

NKtl 
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3 -methylt>oquinoUne and 2-phenyl-4-methylthiazole arc non- 
•eactive because they arc incapable of corresponding tautomeric 
changes, for these would involve the formation of compounds of 
such fonnul® as : 


(XVL) (XVIII.) 

prom this, the conclusion would be dra^vn that in compounds with 
condensed nuclei like quinoline and tsoquinoiine only such changes 
take place in the heterocyclic ring as are compatible with the 
retention by the benzenoid ring of its full aromatic character; 
and also, probably, that bridged modifications such as XIX and XX 
(the precursors of the forms XVI and XVIII) are not produced to 

S 

/\ 

(XTX.) r--| (XX.) 

any appreciable extent in the intramrilccular vibrations of the 
woquinolinc or the thiazole nucleus. 

The behaviour of the chloro -derivatives of fsoquinoline is of 
interest in this connexion. It seems to be a general rule that when 
in a methyl compound, R-CHg, the radicle K is of sucli a nature 
that the methyl group shows enhanced reactivity, then in the 
corresponding chloro -compound, KC'l, the chlorine also will he 
unusually react i\re.* It would therefore be expected that the 
chlorine atoms in l-chlorof5oquinoline and o-chloro?>oquinoline 
would show a difference of reactivity parallel to that shovui by 
the methyl groups in the two corresponding metliyb’s-oquinolines. 
Experiments of Gabriel and Coltnan have shown that such a 
difference does indeed exist. 

Whilst I-chloroj 5 ocpiinoline gives a good yield of woquinoline 
u’hen heated for three hours with hydriodic acid and red phos- 
phorus at 170 -“180° (Gabriel and Colman, Ber., 1900, 33, 986), 
3 -ehloro/ 5 oquinoline is not reduced under these conditions; for 
when 1 : 3-dichloro/6mquiiioUne is heated with tlie same reagents 
at 170° the 1-chlorine atom only is removed and the resulting 
3-cldoroi5oquinoUne resists furtlier reduction. Complete reraov^al 
of the chlorine so as to produce / 6 ’ 0 ({uinolinc could only b(‘ effected 
by heating with red phosphorus at 200° (Gabriel, Ber., 1886, 19, 
liiof)), 

* Compare, for example, iicetone and acetyl chloride ; 2 : 4 dinitrotolueiie 
and 2 : 4-dinitrochlorobenzene; quiiiuldine and l-chloroquinoline. 



/\/Nnh 


CH,: NH ch,:Unh 
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It might be suggested that such reductions are effected thron k 
the formation and decomposition of additive products and that th 
difference in the mobility of the chlorine in the two positions woulj 
be accounted for if, as is probable, 1 : 2(or 1 : 4)-additive products 
of t^oquinoline are comparatively readily produced whikt 2-3 
additive products cannot be formed. The unequal mobility of 
the chlorine atoms seems to us, however, rather to indicate a 
difference in chemical polarity of the carbon atoms to which they 
are attached, probably dependent on a difference between the 
linkings on the t\vo sides of the nitrogen atom such as is indicated 
in the formula with the alternate single and double bonds. 

Experimental. 

A. Derivatives of \-Methyli^oquinoline. 

\-Meihjl\s>oqninoline. — This base was prepared by the dehydr. 
ation of w-acetylaminophenylmethylcarbinol by means of phosphoric 
oxide in boiling xylene according to the method devised by Pictet 
and Gams {Ber.y 1910, 43, 2384), the carbinol, in quantities of 
3 grams, being dissolved in 50 — 60 c.c. of hot xylene and boiled 
gently for twenty minutes with 20—25 grams of phosphoric oxide. 
The preparation of aminomethylphenylcarbinol (p-hydroxy-^. 
phonylethylamine) by reduction of benzaldehydecyanohydrin and 
its acetylation were carried out as described by Wolfheim [Ber.^ 
1914, 47, 1440). 

\-Btyr}jl\^<yjuino\ine, CgHgN'CHICHPh. — A mixture of 1 -methyl- 
jVofjuinoline with an equimolecular proportion of benzaliiehyde and 
a small amount of the zinc chloride compound of the base was 
heated in a sealed tube at 100® for twenty hours. Water separated, 
and the contents of the tube crystallised in long needles on cooling. 
On recrystallisation fro!n alcohol the slyrylhoquinoline was obtained 
in almost colourless needles, which melted at 111® (Found: C = 
88-26; H -- 5-78. GjJIijN requires C 88-31; H 5-03 per 
cent.). 

\‘MethyV[r^oq}.nndine Methiodide. — This quaternary salt, which 
ha.s not been previously described, was prepared by heating the 
base with methyl iodide in a sealed tube at 60® for six hours. It 
is aL?o formed almost quantitatively when a mixture of the base 
and methyl iodide is allowed to remain at the ordinary temperature 
for twenty -four hours. On recrystallisation from absolute alcohol, 
in which it is readily soluble, the methiodide was obtained in 
colourlcs.s needles, melting at 207-5® (Pound : I — 44-44. Cji 
requires I 44-50 i)er cent.).^ The compound is sparingly soluble 
in cold, easily soluble in hot water. 
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1 T) Dimethylaminostyrylisoquinoline Methiodide, 
NMe2*CeH4*CH:CH-C9H6N(CH3)I. 
solution of 1-mothyKsoquinoIine methiodide (2*2 grams), ?3-di- 
methylaminobenzaldehyde (M grams), and piperidine (0-3 c.c.) 
in absolute alcohol (30 c.c.) gave a red colour immediately on 
heating, and after boiling for three hours red crystals (0-8 gram) 
separated. These were filtered from the hot solution, and after 
boiling for four hours more, a further 1-2 grams of crystals were 
obtained. On recrystallisation from methyl alcohol, the dyestuff 
was obtained in light red needles with a faint blue reflex. It melted 
and decomposed at 257®, aitliough the melting point varied Bith 
the rate of heating (Found: C = 57'75; H = O’03; N = 6-78; 
I = 30*62. C20H21N2I requires C ^ 57*69 ; H — 5*05 ; N = 6*73 ; 
1= 30*53 per cent.). The colour in dilute solution is orange; it 
is discharged by acidification with mixed acids, but reappears on 
dilution or addition of alkali. 

The dyestuff is a w^eak photoeensitiser ; the extra sensitiveness 
conferred on the' gelatine -bromide plate extends approximately 
to the D line for moderate exposures. Its photo-sensitising action 
is considerably weaker than that of tlie isomeric 2-p-dimethyl- 
aminostyrylquinoline methiodide. 

When 1-methyh'soquinoline methiodide is heated with nitroso- 
dimethylanilinc and piperidine in alcoholic solution, a deep ruby 
colour is developed. It is therefore to be concluded that con- 
densation takes place with th(^ formation of an azomethine deriv- 
ative. When the methiodide is heated with alcoholic soda and 
quinoline methiodide, an intense rod colour develops in a few 
minutes, and the solution shows the double absorption band in 
the green, characteristic of the ?.so cyanines, whence it appears 
likely that l-mcthylwoquinoline methiodide, like quinaldine meth- 
iodide, can undergo the fsoc^'Unine condensation. Owing to lack 
of material, these reactions were not furtlicr investigated, 

B . 3 - Ji {• IhyliSioq u inol i n c . 

^-MetkyliBoquinoline. — This base was piepared from o-cyano- 
phenylacetonitrile according to the method described by Gabriel 
and Neumann (Ber., 1892, 25, 3563). By acetylation, treatment 
with sodium hydroxide and then with sulpliuric acid, o-cyano- 
phenylacetonitrilc is converted into 3-mcthyh50carbostyril, and from 
this 3-methyli50qiiinoliiie may be obtained, either by converting 
it into the l-chloroi^oquiiioline and reducing this with hydriodic 
acid in scaled tubes, or by distillation witii zinc dust in a stream 
of hydrogen. We found the reduction by zinc dust to be the better 
method, as it gives practically as good a yield and is much quicker. 
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^■Meihylhoqtmoline and Benzaldehjde.—^\\\^ bawc could uot 
made to condense with benzaldehyde in the presence of 
zinc chloride. 

3 - Methyli.90ciii incline (0*7 gram), benzaldehyde (1-01 grams), ami 
a granule of anliydrous zinc chloride were heated in a sealed tulje 
for forty-four hours at 100° ; there was no indication of the form 
ation of water, and the contents of the tube could not be induced 
to solidify on cooling. 

The llijuid in the tube was dissolved in ether and extracted 
several times with dilute sulphuric acid. The separated ethereal 
solution was found to contain 0-00 gram of benzaldehyde, and on 
the addition of alkali to the sulphuric acid solution, the unchanged 
base (0-5 gram) melting at was obtained. This was converted 
into the picrate, which melted at 197°. (The pure base melts at 
66°, and the picrate at 197°.) 

“^-Meihjyi^oquinoline This compound, which has not 

been ])reviously described, w’as obtained by heating the base 
mctliyl iodide in a sealed tube at o0° for four hours. On recrystai- 
lisation from ahsoliitc; alcoliol, in wiiich it is easily soluble, the 
methiodide was obtained in lustrous, golden needles, which melted 
at 210° (bound: I -- 44-40. tuHjoNf requires I = 44-56 per 
cent.). It is ea.sily soluble in hot water or hot dilute alcohol. 

This methiodide could not bo ma<lc to condense either with 
^-dimethylaininnbonzaldehyde or with nitrosodiinethylanilinc in 
alcoholic solution in tlie ]n-esenee of piperidine, nor would it con- 
dense with quinoline methiodide in ]jrcscrice of alcoholic sodium 
Iiydroxidc solution to give a cyanine dye. 

(!. /)mVu/<‘ros- of A‘l*hfnyl-2-nh!h/lfhio::oU. 

4 - /V^/’,?y/- 2 -.s 7 yr/////oa:o^.- 4-P]ienyl-2-methylthia7.o](‘ was jw. 

jiared from acetamide and phenaeyl bromide as (l(‘S<-ribcd hy 
Hantzsch 18S9. 250, 269), 

On heating an cquimol ocular mixture of this base and benz* 
aldehyde with a granule t>f anhydious zinc chloride in a scaled 
tube for thirty-six hours at HXVh water separated, and the con- 
tents of the tube crystallised In long needles on cooling. On 
recrystai lisation from absoluli' alcohol, the substance wasobtamed 
in colourless, shining nee<lles, jnelting at 131-0° (Found : t -■= 'A 
77-44; H - 4-94, 5-20. (.'i^Hj^NS requires C - 77-56; H ^ 
per cent.). 

4^Ph(o})/{-2-(h)a:olj/fi>hi{taIoinjlnif(ha)}r, 

ur — « /COv/\ 



methyl croups nr heterocyclic bases. 


2735 


_-4.?hrnyl-2-TnpthyIthiazole (4 grams), phtfialic anhydride (3 grams), 
•ind anliydrons zinc chloride (3 grams) were heated in a sealed tuh(5 
for six hours at lOO'’. The contents of the tube dissolved readily 
jn concentrated sulphuric acid at ] 0(r, and on pouring this solution 
into much water, a brown powder was precipitated, which was 
collected and washed. It was recrystalHsed from glacial acetic 
acid, in which it is readily soluble, when the phth alone was obtained 
in dark brown needles. On recrystallisation of this fiom absolute 
alcohol, in which it is sparingly soluble, the dyestuff was obtained 
in light brown, shining needles, which melted at 257'" {Found : 

= 4-5. CigHjjOoNS requires N = 4-6 per cent.). 

The substance is quite insoluble in caustic soda, and its dilute 
solution in alcohol dyes silk a faint yellow shade. It is almost 
insoluble in ether, and it is considerably deeper in colour than the 
corresponding quinophthalone. 

i.Pkenyl-2-meihylthiazole 3Ieihiodide, CioHgKSjCTI^L— This mctli- 
iodide was made by heating the base with methyl iodide in a sealed 
tube at 80'" for twenty-four hours. On recrystallisation from hot 
water, in wliich it is easily soluble, the methiodide was obtained in 
colourless, shining iieedles, melting at 202"". It is easily soluble in 
hot absolute or dilute alcohol (Found : I = 40-07. Cj^Hj^NTS 
requires I — 40-07 per cent.). 

4- Phmyl-2-i^-dimethyhminoshjrjiUhiazoh Mffh iodide, — On heat- 
ing a solution of 4-phenyl -2-methylthiazole methiodide (7 grams) 
and p-dirnothylarainobenzaldehyde (3*3 grams) in absolute alcohol 
(80 c.c.) Avilh piperidine (I c.c.), a red colour developed immediately, 
and after boiling for forty minutes, red crystals (5 grams) were 
deposited from the boiling solution, and a further 1 gram separated 
at the end of the hour. On reciystallisation from methyl alcohol, 
tlic dyestuff was obtained in ruby-red crystals with a bluish-green 
metallic reflex. It melts and decomposes at 243^, hut the melting 
point varies with the rate of lieating (Found : C — 53*43 ; H — 4*00 ; 
1=^ 28*39; S — 7*18. C20H01N2LS requires 0 -- 53*57 ; H — 4*09; 
I ~ 28*35; S — 7*14 per cent.). 

The colour in dilute solution is a deep orange, and is discharged 
by acids, but reappears on dilution or addition of alkali. The 
dyestuff is a photo sensitise v, and the extra sensitiveness conferred 
on the gelatino-bromide plate exteiuls to A C200, witli a maximum 
at A 5500 for moderate exposures. 

^•PlienyIthiazole-2-aldehyde p- i)i mefhylam i noaml ^[eth iodide . — A 
solution of 4-phenyl-2-mcthylthiazolc methiodide (5 grams) and 
nitrosodimethylanilinc (2*5 grams) in absolute alcohol (90 c.c.) 
gave a red colour in the cold on the addit ion of piperidine (0'15 c.c.), 
and after boiling for fifteen minutes, bright green crystals (G grams) 
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separated from the boiling solution, and about half a gram 
was obtained after a further four hours’ boiling. On rccry^^? 
lisation from methyl alcohol, the dyestuff was obtained in j 
crystals with an intense green metallic reflex. It melted and 
decomposed at 228®, but the melting point varied somewhat wi+K 
the rat-e of heating (Found : C = 50-60 ; H = 4'58 ; I == 28'4' 
S = 7'07. CisHjjNalS requires C = 50'77 ; H = 4'4G; I = 28 W- 
S = 7*13 per cent.). ** ’ 

The colour in solution is a deep ruby-red, which ig discharged 
by acids with great ease, but reappears on dilution or addition of 
alkali. 

4:-Phenyl-Z-methyl-2-(h{azoh7iyl-i-quhiolylmetJiane Metkiodide 


o.h“§:>t< 

CH, 



—A solution of 4-phenyl-2-inethylthiazoIc methiodide (4 grams} 
quinoline methiodide (7-2 grams), and sodium hydroxide (0-71 gram) 
in absolute alcohol (80 c.c.) gave an intense red colour on heating 
and after boiling for thirty minutes, a semi-crystalline precipitate 
\vas formed on cooling. On recrj-stallisation from methyl alcohol 
the cyanine dyestuff was obtained in red crystals with a bluish- 
green metallic reflex, melting and decomposing at 240® (Found: 
I = 27-73 ; S - 6*73. C.iHigNJS requires I 27*83; S = 6*99 
per cent.). 

The colour in solution is a deep orange-red, and is discharged 
by acidification, but reappears on dilution or addition of alkali. 
The dyestuff is a photosensitiscr, and the extra sensitiveness con- 
ferred on the golati no -bromide plate extends to A 6000, with a 
maximum at A 5300, for moderate exposures. 


1). 2-Ph€nylA-m€thyUhia:oJe. 

2-Ph€)vjl-A-mfdh>jI(kiazoh (md Bnizahlehjde. — 2-Phenyl-4*methyI- 
t hi azoic was made from thiobenzamide and monochloroacetone, 
according to the method described by Hubacher {A7inalenf 1890, 
259 , 236), and was found to boil at 282®/762 mm. Hubacher 
describes it a,s a liquid : wc obtained it in colourless crystals melting 
at 29*5®. 

This base failed [to react w ith the equivalent amount of benz* 
aldehyde in the presence of anhydrous zinc chloride, when heated 
in. a sealed tube for ninety-six hours at 100®. ihc unchanged 
base melting at 20® was recovered from the acid aqueous extract 
of the contents of the tube, an^l the ethereal extract, on oxidation 
with potassium permanganate, yielded an amount of benzoic aci 
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cori’esponding with 90 per cent, of the benz.aldehyde originally 
taken. 

2 .phenyl- 4 i-melhyUhiazole Metkiodide, — This ([uaternary salt was 
obtained in a 70 per cent, yield by heating the base with methyl 
iodide in a scaled tube for forty-eight hours at 90^ 

It is formed with far less readiness than tlie metliiodide of the 
isomeric 4-phenyl-2-raethylthiazolc, an almost theoretical jdeld of 
which was obtained when the base was heated with met! lyl iodide 
for twenty-four hours at SO"". The dilTerence of reactivity towards 
alkyl iodides of the nitrogen in the Uvo systems, ;CMe*N!CPh- 
and ICPh'NICMe-, in which the methyl and phenyl groups are 
interchanged, is noteworthy. 

On recrystailisation from hot water, in wdiicli it is fairly soluble, 
the metliiodide was obtained as faintly yellow prisms which melted 
at 192°. It is easily soluble in hot dilute or absolute alcohol 
(Found : I = 40T6. requires I — 40 '07 per cent.). 

When this methiodide (4 grams) and p-dimethylarainobcnz- 
aldehyde (2 grams) were boiled in absolute alcoholic solution 
(40 c.c.) with piperidine (0'4 c.c.) for fifteen hours, the solution 
assumed the brownish-red tinge which is produced when an alcoholic 
solution of p-dimethylaminobcnzaldehyde is boiled for a long time 
with piperidine, but no evidence that any condensation had taken 
place could be obtained. 

On evaporation of the alcohol, a red, semi -crystal line, tarry mass 
remained, w^hicli was wadi w^ashed with ether and extracted several 
times with boihng water. In the aqueous solution was found the 
unchanged methiodide (3 ‘8 grams). In a similar maimer, it was 
proved that, after six hours’ boiling of the methiodide and nitroso- 
dimethylaniline v/ith piperidine in alcoholic solution, no con- 
densation had taken place ; thus showing a great contrast with 
the methiodide of 4-phenyl-2-methyithiazole, which gave an 85 
per cent, yield of condensation product with nitrosodimethylaniline 
in the presence of piperidine after boiling the alcoholic solution 
for only fifteen minutes. JIo condensation of 2-phenyl-4-methyl- 
thiazole methiodide with quinoline methiodide in alcoholic soda 
solution could be effected. 

One of us (J. L. B. S.) is indebted to the Department of Scientific 
and Industrial Research for a grant \vhich he desires gratefully to 
acknowledge. He also wishes to express his thanks for a grant 
from the Government Grant Committee of the Royal Society hy 
which part of the cost of the materials employed was defrayed. 

University Chemical Laboratory, 

Cambridge. * [Received t November Ibtk, 1922,] 
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CCCXXIX . — Preparation of a-Trioxymethylene and a 
New Polymer ide of Formaldehyde, 

By D.aziEL Llewellyn Hammick and Alford Reginald Boerej 

Pratesi (Gazzclla, 1885, 14, 139) prepared a-trioxymothylenc 
(OHoO)., a colourless, crystalline substance ineltiug at 6P. h’ 
obtained it by heating the amorphous, polymerised form of fonu. 
aldehyde known as paraform w ith “ a trace ” of sulphuric acid 
in a scaled tube at 1 15''. 

Pratesi's wnrk could not bo n^pcated by Kraut {Anmikn, I8i)(). 
258, 95), by Auerbach and Barschall (Ar6. Kais. Gmundheii. d»i/ 
1905—0, 27, 220), or by Dunlop (T., 1914, 105, 1155). Aucrbatli 
and Bai-schall [loc. how'cvor, prei>arcd the substance by sublim. 
ing parafonu (or a mixture of [i- audy-])olyoxymethylencs)inas]ow 

current of nitrogen into a small quantity of ice-w^ater. They give 
63 — 6^1® as the melting point of the pure substance, purified by 
recrystallisation from other or by sublimation. 

Attempts to repeat Pratesi's method of preparation using “dry" 
para form (containing about 1 })cr cent, of moisture) met with no 
success. Jloreover, many (‘xperimeiits were carried out before tlic 
precise conditions were found under wdiieh tlu^ substance could be 
prepared in reasonable yields by Auerbacli and Barschalbs method. 
As described below^ it has, however, been found possible to prepare 
a-trioxymcthylenc in about 10 per cent, yield by a modification of 
Pratesi k method, in w'hicli considerable ({uantities of sulphuric 
acid and water are u.sed instc'ad of " a trace '' of acid. Directions 
arc also given for prepaid r\g the sul)sta!ice in a yield of about 20 per 
cent, by Auerbach and Barschall .s method. 


i-Vohjoxymdhylmf • ft Pol y nitride of lornialdthfjdf'. 

a Trioxymcthylene, puriiied by repeated sublimation at 4(> in 
a lieiit, closed and exlwuslcd tube, was found to melt at Id'. .Ulcr 
eight siihliniatioris, a tiace of luoisturc apparently still remained 
(as indicated hy iiiistine.ss fonuing on the cool parts of the tn® 
before the deiw.dtiou of the slender needles of a-trioxyroethyloni; 
occurred). I’hc last trace.s of water were rciuoved by recrystalHsahon 
from sodium-dried ether, which was evaporated hy a current c 
(Irv air. The cry.ital.s tlui.s obtained molted at 04’, as before; n 
on rcsul.liming at 40' in an exhau.steil tube the dry substance 'vas 
found to behave dilTorently from the slightly moLst 
The sublimate apiicarcd in the form of large, stout pr‘s“s ‘ , 

of t)ie usual long needles. Many of the prisms were not 
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transparent but contained white, opaque regions. On inverting 
the tubes and resubliming, a-trioxymethyleno passed to the cold 
end of the tube, leaving behind a white, silky, paper-like substance. 
By repeated sublimation, the whole of the a-trioxyinethylene was 
converted into this substance (Found : C ^ 30 - 9 ; H ^ 6-6. [CHgOJa 
requires C = 40*0 ; H - 6-7 per cent.). 

The compound is thus a polymeride of formaldehyde (e-polyoxy- 
incthylciie). It is doubly refracting, although it possesses no 
distinct crystalline form. It melts with decomposition and depuly- 
nierisation at 195 — 200'' (uncorr.). On heating in an open tube, the 
fjuiell of formaldehyde is noticed and a white sublimate is obtained 
^\ hich melts at 163''. Tliis substance is probably one (or several) of 
the j)olyoxymethylenes described by Auerbach and Barscliall {loc. 
ciL), all of which melt below 170^. 

e.Vohjoxymdhjlcne is insoluble in water, sodium sulpliitc solution, 
and the usual organic solvents. Like the other polyoxyracthylenes, 
it dissolves in boiling nitrobenzene and separates as an amorphous 
powder on cooling. No measurable depression of the freezing point 
of nitrobenzene was found. On boiling with ammoniacal silver 
nitrate, the surface of the substance blackens, but no silver mirror 
is obtained and the li([uid remains clear ; in this respect, the new 
polymeride is clearly differentiated from the previously known 
polymerides. It could not be acetylated by the method of Barnett 
(/. jS'oc. Chein. Ind., 1021, 40, St) and therefore probably contains 
no hydroxyl groups. 

L^niMraiion of oL-2'rioxy methylene : Modijicadon of Prafesl's Method. 

Paraformaldehyde (10 parts) and a mixture of equal volumes of 
sulpliuric acid and water (1 part) were placed at the bottom of glass 
tubes (18" X L') closed at one end. The o})on ends were drawn 
out and sealed after exliau-stion of the tubes by the w\ater-pump. 
The ends of the tubes containing the formaldchydc-acid mixture 
were immersed in an oil -bath at 115''. Long, slender needles began 
almost immediately to form in the cool parts of the tubes. After 
about fifteen minutes, the tubes wore removed, the portions con- 
taining the crystalline a-trioxymcthylenc cut off, and the crystals 
scraped out. 

Owing to the fact that methyl formate and other volatile liquids 
are produced in the tubes (Dunlop, loc. cit.) the lieating in the oil- 
bath must be stopped as soon as liquids begin to condense on the 
cool parts of the tubes. If this precaution is not taken, the a- 
trioxym ethylene is washed out of the upper portions of the tubes and 
cannot be regained 

The yields obtained by this methoS, after purificatiou by resub- 
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limation, were about 10 per cent, calculated on the fomialdehy(j(j 
used. 

Prepd TCiti Oil of ct-T rioxyvii'ikyhn e : Aue rbach dnd BarschalVs M eiJiod 
The success of Auerbach and Barschall s method was foiuid to 
depend on the voluniG of the ‘‘ small quantity of water ” into whicli 
the above workers sublimed paraformaldehyde. They do not 
specify the actual amount of water used; it was found, however, 
that 40 grams of ice- water per 100 grams of paraformaldehyde (or 

and y-polyoxy methylenes) gave the most satisfactory results. 
As found by Auerbach and Barschall, the mixture of p- andy-poly. 
oxymethylenes obtained by slowly^ adding 4 volumes of concentrated 
sulphuric acid to 10 volumes of 40 per cent, formalin and keeping 
for two days in the ice-chest, gave better yields of a-trioxymethylene 
than crude paraforni. The mixture of polyoxymethylenes was 
placed in a round flask fitted with a cork carrying a tube for leading 
in a current of carbon dioxide and a short, wide, bent tube leading 
below the surface of ice -water in a test-tube immersed in ice and 
water. The flask was heated rapidly to 200® in an oil-bath, a slow 
current of carbon dioxide bemg maintained through the apparatus 
until the contents of tlic flask liad passed into the ice- water. 

The ice- water solution w'as distilled with the aid of a short 
fractionating column. If too little water had hcen used to absorb 
the products of the sublimation of the polyoxymethylenes in 
carbon dioxide, the condensate was jelly-like and on distillation 
choked the column ami condenser with solid i)roducts. Too much 
water led to poor yields. With the (iuaiitities given above (100 of 
g- and v-polyoxymetiiylene to 40 of water in the receiver) the product 
distilled easily and gave a substance which on the addition of sodium 
chloride and extraction with other yielded (x-trioxymethylenetothe 
extent of about 20 per cent, calculated on the original polymerkd 
formaldehyde. 

Summary. 

i. i-TrioxyinoUiyli'iie can t)c preiiarcd by heating paraform- 
aldehyde in scaled tubes with walcr and sulphuric acid. 

ii. The conditions ncccs.sary for the successful use of Auerlacli 
and Barschall’s method for the preparation of oc-trioxymctbjlene 

are recorded. i 

iii. A new polymoridc ot formaldcliyde. r-polyoxymethylme, i* 
obtained by the repeated sublimation of dry ix-tnoxyinethylfBe. 

The Dyson Perrins Laboratory, .-joi 

OXFOao. [/?cccitrri,Aorem6cr«,lW 
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CCCXXX.— of Alkylidenecyanoacetic Acids 
and of Substituted Succinic Acids, Part 11. Prepar- 
ation of Acids containing Saturated Aliphatic 
Residues and the Constitution of the Aliphatic 
Alkylidenecyanoacetic Esters. 

By Arthur Lapworth and John Alexander McRae. 

Ik Part I {this vol., p. 1699), the authors dealt with some synthetic 
processes for preparing substituted oc-cyanoacrylic acids from 
sodium chloroacetatc, potassium or sodium cyanide, and aldehydes 
containing aromatic residues, and mainly in connexion Avith the 
conversion of a-cyanoacrylic acids into the substituted succinic 
acids through their hydrogen cyanide additive products. Omitting 
the first stage in the synthetic process used, namely, the production 
of potassium or sodium cyanoacetate from the chloroacetate and 
cyanide, the stages involved may he summarised by means of the 
following schemes : 

{a) R'CHO -f CH2(CN)*C02X R-CH:0(CN)-C02X + HgO. 

{b) R‘CH:C(ON)-C02X + KCN + H 2 O 

R‘CH(CN)-CH(CN)-C02X + KOH. 

(c) R-CH(CN)*CH(CN)*C02X R*CH(C02H)*CH(C02H)2-> 
R*CH(C02H)*CH2-C02H + CO 2 . 

Equations (a), (6), and (c) are of general applicability and X may 
be H or alkyl. The paper mentioned dealt only with cases where 
X - II. 

The present communication deals with aspects of these processes 
which present themselves when aldehydes and ketones containing 
the group, •CH’CH’CO*, cliaracteristic of the inajoi-ity of the more 
familiar aliphatic carbonyl compounds, are used. 

At the outset of these experiments it was clear that in aldehydes 
and ketones of this type, new complications miglit arise owmig to 
several circumstances which arc absent \vhen aldehydes such as 
benzaldehyde, piperonal, etc., arc used. In order that these cir- 
cumstances may be made ckmr, it is necessary to refer in some 
detail to the theory of the syntlictio processes which seem to be 
involved. 

The ethylenic linkage is normally associated M'ith a high reactivity 
towards the halogens, ozone, or permanganate, rcagenhs which may 
be said to belong to Class I, and the compounds in Avhicli it occurs 
Q-re as a rule profoundly and permanently affected by these reagents. 
On the other hand, it shows no appreciable reactivity towards 
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potassium cyanide, sodium hydrogen sulphite, or hydroxylai^jj 
reagents which may be said to belong to Class 11. The carh 
group, on the other hand, is not permanently altered by rea^en 1 
of Class I, but forms additive compounds of fairly penna 
character with reagents of Class 11. 

When, however, an ethylejiic linkage occurs in the a-nos‘f: 
with respect to the ‘CO* or 'CN group, it exhibits properties which 
may be described as intermediate between those of the normal 
othylenic linkage and those of the carbonyl group, for it then not 
only assumes the power of uniting mih agents of Class IT, towards 
which in other .situations with regard to these groups it is apparently 
inert, but what is equally significant, its activity towards agents ilf 
Class I falls off to a marked degree. 

The capacity of the etljylenic linkage in unsaturated aldehydes 
Ivctonos, and nitriles to unite with the agents of Class 11 * 
known to organic chemists, and the low activity towards agents 
of Class I, although probably less familiar, could scarcely escape the 
notice of those who have frequent occasion to handle such 
unsaturated compounds. Bauer {Ber., 1904, 37 , 3317) directed 
attention to the inhibiting effect on the addition of bromine of 
•COoH, ‘CGoAlk, and -CX in certain unsaturated compounds- 
Siidborough and Thomas (T., 1910, 97 , 715) made measurements 
of tile speed of absorption of bromine by various types of un- 
saturated carboxylic acids and found that the ^y- and yS- unsaturated 
acids reacted many’ thousands of times more rapidly than the 
a^^-unsatiirated isoiucrides. 

The authors are not aware of any instance in which a single 
ethylenic linkage is capable of taking up the elements of the 
reagents of Class 11, except wlien situated in the alli-position with 
respect to ■CO’ or *CX, though doubtless •XO 2 and ’SO^Alk would 
be effective in the same May as these grcuips. 

It is on such considerations that the views hereinafter expressed 
are based. In tlu^ first instanc(‘, they point to the eonelusiou that 
only -unsaturated eyanoacctie acids and esters (IV' in the follow- 
ing scheme) are directly concerned in the synthesis of succiiilc acids 
by Brrdt and K alien 's and Lapwoith's methods, ami I hat the 
J'v/- unsat urat('d acids and esters (Ifl in the following scheme) arc 
not capable of uniting with potassium, sodium, or hydrogenmnidc 
or other reagents of (lass (I except after transformation into the 
a.3-un.saturated isomerides. 

The scheme which follows nqiresents reactions which may he 

* To the agents of Clasa II may bo added compounds such as nitromethsne, 
ethyl malonatc, and ethyl acetc^etate (compare the Michael and a 'C' 
reactions) and tlieir sodio-derivatives. 
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T5sumed to occur when an aliphatic aldehyde or ketone (I) is 
condensed with cyanoaeetic acid or its ester. 

(I.) R'-CHR"‘COR'" 4- CH2(CN)*C02X ^ 

(IL) R'‘CHR"‘CR^^'(OH)*OH(CN)'C02X 



(TIL) r'‘CR":cr'"*ch(cn)'C02X r'-chr"-cr"\*C(cn)‘COoX (iv.) 

where X == H, C 2 H 5 , etc., and R', R", and R''" = H, CH 3 , etc. 

It will no doubt be very generally accepted that the ‘‘ aldol/' II, 
is probably the first of the series of definite intermediate products 
and that ITT or IV, if formed at all, are products of subsequent, 
possibly reversible, changes and are perhaps mutually intra- 
convertible. 

At the outset of the research, it seemed probaljle tlmt (II) might 
prove much more stable than the corresponding products, 
ArCH( 0 H)‘CH{CN)*C 02 X, formed from aromatic aldehydes (com- 
pare Part I). It was found, however, that in each case tried the 
products of addition of hydrogen cyanide to (IV) wore, in fact, 
formed, and therefore it became clear that there was no real arrest 
at stage (11). There remained the question whether (II) is to a 
greater or less extent transformed into (IT I) and whether (III) 
accumulates or is transformed into (I V^) in the conditions used. 

There were some a 'priori reasons for thinking that formation of 
(Til) might account for the low yields of succinic acid derivatives 
formed when aliphatic aldehydes and ketones were used. Previous 
authors have concluded that the unsaturated esters which are made 
by condensing aliphatic aldehydes and ketones of type (I) with 
ethyl .<?or/iocyanoacetate and decomposing the resulting sodio- 
(lorivatlvcs with water or acids are [iy- unsaturated e.sters, and held 
that they were formed liy reactions such as the following : 

id) X-GHyCH:0-~> X-CHiOH/OTT (enolisation). 

(0 x<di:cHd)ii 4-riiNqi(cx}-a>;Kt 

x<ui:(if-rxa{rx)*rnj:t it.o. 

(/) X-OTT:GTTr’Na{ON)'CO„Et A- HCl 

X' 0 fi:CH-(TI(rX)-CO 2 Kt -f- Xad. 

Here erptation (e) original lal in a hypotliesis first put forward by 
Rogerson and Tliorpo (T., HKP>, 87, icS5) and its apparent applic- 
ability hero was considered to support that hypothesis. 

The conclusion that the esters in question arc 2 y-inisaturated 
derivatives (Harding, Haworth, and Perkin, T., 1 908, 93, 1943; 
Haworth, ibid., 1909, 95 , 480; Carrier and Haworth, ibid., 1909, 
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95, 1965; Harding and Haworth, ibid., 1910, 97, 486) was 
the fact that when the esters are hydrolysed and the ^ 
converted into monocarboxylic acids with loss of carbon dio|j 4 
the monocarboxylic acids are of the Py -unsaturated type, p 
(Monatsk., 1896, 17, 218) and Strassmann {ibid., 1897, 18,722u'^ 
previously obtained analogous results on elimination of carb^ 
dioxide from alkylidenecyanoacetic acids (compare also Knoeven 
and his pupils, J. pr. Chem., 1918, [ii], 97, 288). ^ 

The present authors decided that they were likely to obtsi 
most definite light on the processes taking place in their synthesf 
by studying the properties of the supposed Py-unsaturated alk^ 
idenccyanoacetic esters, but were surprised to find that the behanof 
of these towards agents of Class I and Class II corresponded close! 
^vith that of the a|3-iinsaturated type, to which there can now! 
little or no doubt they must, in fact, be referred. Apart fromtl] 
fact that the esters made by the condensation of the aldchyd* 
and ketones wdth ethyl 5odi(Xjyanoacetate do not appear to dife 
in any way from the esters formed on condensing these vit 
ethyl cyano acetate itself by the employment of various agent 
such as piperidine in small quantities, the following points ma 
be cited in favour of the view that the unsaturated esters in questio' 
are of the a^- and not of the ^y-type : 

(1) These esters do not unite rapidly with bromine or ozonf 
and this peculiarity is, as has already been indicated, characteristi 
of a{3-unsaturated forms. 

(2) Like the other esters in (question, that made by condemini 
n/ffohexanone with cyanoacetic ester is very inert towards broiriD 
or ozone. By the action of phenacyl bromide on its sodio-derivatiw 
how’ever, it yields a crystalline phenacyl derivativQ which react 
very; readily witfi the.^c agents, but not with cyanides or bisulphites 
'Phis phenacyl derivative, therefore, has properties which shon 
that it does not belong to tlie same typx? as the parent ester, anc 
this \ iew is in agreement with the constitution, 


c:ie< J c-c(CH.-(;x)Pii ) (on )-cOjEt, 

w hich was assigned to it by Harding, Haworth, and Perkin (T., lOOii, 
93, 1968). The distinction in properties between this and the 
parent ester is readily undci-stood only if, as i.s now maintained, 

the latter has the structure CHjj<C^^“,i^U^]l>C!C(CN)*COoKt. 

(3) The esters are attacked very readily by solutions of putassiuni 
or sodium cyanide, yielding mctallo -derivatives (V), stable in 
aqueous solution, identical with those obtained in another way hj 
Higsoii and ThoiqH) (T., 1966,^89, 1455) and, like the eompound* 
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.St isolated by these workers, convertible by hydrolysis, with loss 
: carboxyl, into substituted succinic acids. As has been pointed 
it above, ready combination at an ethylenic linkage with potassium, 
idium, or hydrogen cyanide is characteristic of aP-unsaturated 
trbonyl compounds or nitriles. The metallo- derivatives in question 
are no doubt formed in accordance with the following equation 
which the conventional formula, with sodium attached to 
,rbon, also used by Higson and Thorpe, is for convenience 
lopted : 

'.CHR"’CK"';C{CN)'C02X -f NaCX 

R'*CHR"*CR'''(GN)-CNa(CN)-C02X. (v.) 

(4) They yield additive products Avith sodium hydrogen sulphite 
ly readily, dissolving rapidly in not too concentrated solutions 

this salt in the cold. This reaction, like other processes of 
.dition of strongly polar agents to ethylenic linkages, is char- 
teristio of a p -unsaturated esters, acids, ketones, aldehydes, etc. 

(5) When ethyl heptylidenecyanoacetate is oxidised with ozone 
presence of water, it yields heptaldehyde without any detect- 
le quantity of hexaldehyde. Had the Py-unsaturated ester, 
HipCH!CH*CH(CN)-COEt, been present in appreciable amount] 
would have been oxidised much more readily than the a^-un- 
turated ester (compare I above), and hexaldehyde would readily 
ve been detected. The ester made by condensing acetone with 
lyl cyanoacetate, like ethyl heptylidenecyanoacetate and all the 
ler esters of the series which have been examined from this 
int of view, reacts slowly ^vith ozone, and the products which 
) obtained by decomposing the ozonide with water are only such 
the ozonide of the ap-unsaturated ester, (CH 3 ) 2 C!C(CN)-COEt, 
>uld afford (Scheiber and Meisel, Rer,, 1915, 48 , 238), 

The following is the explanation which the present authors 
isider to be the only one consistent with all the data so far as 
y are known : 

riic condensation products of ethyl c\'anoacetate with aliphatic 
lehydes and ketones which contain the group -CH-CQ- have a 
y labile molecular system. The free esters have the structure 
CHR •CR'".C(CN)*C02Et, whatever the structure of the sodio- 
jivatives may be, although the presence of small quantities of 
I Py-isomeiidcs in equilibrium with the ap-isomeridcs which 
|stitute the large bulk of the fluid esters is not necessarily 
luded. ' 

me structure of the sodio -derivatives is more problematical, 
pcially as no final decision has yet been reached by chemists 
[t e question of the constitution of such compounds as ethyl 
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A'oijocyanoacctatc itself. At least four structures suggt^yt 
selves in the present instance, namely : 

R''CNaR"'CR"':C<pQ^jj^ R'-CR":CR"' 

(VI.) " (VI 

R'-CR":CR"'-C<p-?S!' R'-CR'':CR"'-C<®, 

♦ COEtj-ONs 

(vni.) (IX.) 

and possibly a mixture of all four of these is present in solatior 
of the sodio-derivativos. If, however, tlic possibility of suc-t 
sodio-derivatives existing with sodium attached dii’ectly to carbon 
be not admitted, then either (VIII) or (IX), or both, must be 
adopted, and this requires that the sodio- compound is derived 
from the [dy-isomeridc of the free ester (V). The present authors 
whilst not inclined wholly to adopt the latter view, consider 
that the bulk at least of the dissolved metallo-compound is derived 
from the ?y-form of the ester. The properties of the alkylated 
cyano-csters obtained by the action of alkyl iodides and bromides 
on the sodio-derivatives correspond with those of ^y-unsaturated 
esters (that is, VII, with Xa replaced by Aik ), 

In (\' ), the formula deduced for the free esters, the ethylenic 
linkage appears coiijugaled with unsaturated centres in the cyano- 
and carbethoxy-groups. in (Vlll) and (IX), the most probable 
formulas for Ure sodio-derivatives, the ethylenic linkage again 
appears conjugated, l>ut with the double linkages denoted by the 
signs The lability of structure in these products is no doubt 
associated with the i(‘ndeacy to retain conjugated structures and 
with the ]jow’ei-ful induced polarities due to the simultaneous and 
homogenous inilueneu of tlic j)owerful eyanu- and carbethoxy- 
groups (compare X and XI). 

Wiiilst the high reactivity of tlie free esters tow’ards hydrogen 
sulphite and cyatiide might have' been attributed to the occurrence 
of a preliminary isomerie change from a fiy- to an a,^{-iinsaturate(l 
lyjK', tlieir low reactivity towards ozone and bromine decides 
against that interpretation of the data. 

The authors have not succeeded in isolating the pure alkylidene- 
cyanoacetic acids from the very mixed products xvhicli are obtained 
when aliphatic aldehydes and ketones arc condensed with sodium 
cyanoacetate in aqueous solution. Ho far as all the indication-^ 
derived from tlic results of the experiments can be interpreted, it 
would apjKar that the free acids and their salts, like the esters, 

• It may be observed hero that (VIII) corres|wnds with formuh 
for ethyl («xiiocyanoa<.’Ctato and (IX) with Thorpe s. 
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liavo tiic aP'Unaaturated structure. The production of Py-un- 
t,atiirated monocarboxylic acids when the esters or the free acids 
are fully hydrolysed and decarboxylated is readily to be (explained 
with the aid of the observations of Riiber [Ber,, 1905, 38, 2743), 
who has shown that elimination of carbon dioxide from a^-un- 
saturated acids often leads to a migration of the double bond to 
the greater stability of the unsaturated mono- 

carboxylic acids (X) as compared with their a -cyano- derivatives 
(XI) is easy to understand, as in the latter the induced positive 
polarity of the y-hydrogen atom, with which lability ’’ of hydrogen 
atoms in carbon compounds is apparently always associated, is 
greatly enhanced by the presence of the homogeneously situated 
and powerful cyano-group. 

(X.) h*cr';cr''-cr^''h-co2H 

4 - — + — 

(XL) H-CR':CR"-CR'"<^&^ 

+ _ + _ OiN 

As pre\ iously stated, the authors consider that the bulk, at least, 
of the inetallo-derivatives of the alkylidenecyauoacetic esters arc 
derived from the (3y-forms of the esters, which themselves are 
x|l-un.saiurated forms. It is worth \\Iiiic to point out that the 
assumption here made, namely, tiiat a hydrogen atom may virtually 
be “ borrowed from the y-position in an a, 3 -un saturated ester in 
the process of forming a sodio-eoinpouiul derived from the fiy- 
unsaturated form, is not one invented to suit the present case, 
but was previously made use of by one of us as part of a general 
explanation of the reactivity of hydrogen atoms in the ineta -position 
in (he benzene series and in the related y-position in the nitro- 
toluencs and in ethyl crotonatc (T., 1001, 79, 1272). 

The yields of substituted succinic acids which the authors were 
able to obtain from aliphatic aldehydes and ketones by Lapworths 
process (addition of hydrogen cyanide to crude salts of alkylidenc- 
cyanoacctic acids; loc. cit,) were not so satisfactory as when 
aromatic aldehydes were used (Part I), but the data render it very 
improbable that the relatively poor yields arc due to the inability 
of the forms (11) or (III) to undergo transformation into (IV). 
Hydrogen cyanide is always absorbed much more slowly by the 
free unsaturated acids or their metallic salts than by the corre- 
sponding esters (compai'e this vol,, p. 50) and this gives oppor- 
tunity for by-reactions, which otherwise might be negligible, to 
assume importance. 

Ihe observations of Hope and 8hefdon (this vol., p. 2223 €t seq.) 
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are entirely consistent with the views expressed in the prw 
paper. In all cases, those cyanoglutaconic esters which contain 
the grouping •CiC{CN)*C 02 Et, or are capable of conversion int 
isomerides which contain this complex by mere migration of 
the double bond and transference of a hydrogen atom, react 
potassium cyanide solution . Ethyl oc-cyano- a^y “trimethylglutae^ 
ester, C 02 Et’CMe(CN)*CMelCMe*C 02 Kt, a Py-unsaturated 
acetic ester which cannot undergo the re(j[uired preliminary chan p 
is inert. It is evident that even potassium cyanide solution may 
cause migration of the double bond in unsaturated cyanoaceti 
esters, and in dealing with this class of compounds it ig now 
abundantly clear that conclusions based on the apparent “ direct 
ness of the facts ” (compare Farmer, this vol., p. 2016) must be 
subjected to very strict scrutiny. 


Experimental. 

(A) Condensaiion of Aliphatic Aldehydes and Ketones with 
Cyanoactiaie. • 

(1) When purified heptaldehyde is shaken \\itb 

somewhat less than one molecular proportion of sodium cyano- 
acetate in water which has been made slightly alkaline with sodium 
hydroxide, the mixture after a few min\ites assumes an appear- 
ance which suggests that a salt has begun to crystallise out, but 
soon afterwards the whole becomes homogeneous. In the latter 
case, very little heating takes place, but if a considerable excess 
of sodium hydroxide is used, a marked rise in temperature 
takes place. Similar results are also observed if piperidine in 
small or large quantity respectively is used as condensing agent. 
The origin of the secondary heat effect has not been discovered, 
but it may possibly be due to acceleration of the stage repre- 
sented by equation 11 (p. 2743), that is, the elimination of 
water from the intermediate hydroxy lie or aldol-likc condensation 
product. 

The mixed acid.s obtained by eoiuh'nsing In^ptaldehyde with 
sodium cyanoacetate in aqueous solution under a variety of con- 
ditions have been isolated and subjected to a prolonged cxamiii' 
ation in the ho]>e of ascertaining their true character,- It is 
unnecessary to enter into detail, and sufficient to state that the 
product appears to he of a very mixed character, is highly viscous, 
and shows very little tendency to deposit crystals ; it slowly loses 
water on exposure in a desiccator, and if titrated after about a 
month against standard alkali, has an “equivalent” which « ' 
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approximately 184. It is perhaps a mixture of hcptylidenecyano- 
acetic acid and possibly p -hydroxy -y -cyan ononoic acid, 
C6HiyCH(OH)-CH(0N)-CO2H,^ 

^ith other more complex products. Fiquet’s hcptylidenecyano* 
acetic acid (m. p. 114°) was not isolated, but on one occasion a 
small quantity of a sodium salt separated during the condensation 
of the heptaldehyde and sodium cyanoacetate which gave an 
impure crystalline acid (m. p. 85—92°) having the chemical char- 
acteristics of Fiquet’s acid. Aniline hydrochloride, which was 
found to be excellent as condensing agent in the case of benz- 
aldehyde and sodium cyanoacetate (this vol., p. 1701), was useless 
in the present instance. 

A considerable number of experiments were made on the reduc- 
tion of the crude products with sodium amalgam, as the aromatic 
cyanoacrylic acids may readily be converted into their dihydro- 
derivatives in this W'ay. Thus it was hoped that the heptylidenc- 
cyanoacetic acid, for example, might be converted into hcptyl- 
cyanoacetic acid and this into nonoic acid or its nitrile by suitable 
treatment. There was apparently little action and no more than 
traces of these products were found. Subsequent experiments in 
these laboratories have shown that the reduction of the aliphatic 
cyanoacrylic acids by means of sodium amalgam follows quite a 
different course from that expected, and the subject will be dealt 
with in later communications. 

(2) Acetaldehyde . — The acid products obtained by condensing 
acetaldehyde with sodium cyanoacetate in aqueous solution resemble 
those from heptaldehyde, and no pure constituent was isolated. 
The equivalent of the viscous acid product after evaporating the 
ethereal solution obtained on extracting it from the acidified 
reaction mixture was about 141, Avhilst CH3*0HIC{CN)*CO2H 
requires 111. Thus the crude acid appears to contain an impurity 
of high molecular weight. The crude product was, in this case, 
further investigated by shaking it with sodium hydrogen sulphite, 
which readily converts the a [3 -unsaturated esters into stable additive 
products (compare p. 2745). From 13-7 grams of crude acids 
there were isolated 2-7 grams (20 per cent.) of a material insoluble 
in the aqueous solution; on acidifying the aqueous solution and 
extracting with ether, 6-3 grams (45 per cent.) of a viscous acid 
were obtained which after exposure for some time in a desiccator 
over sulphuric acid had an equivalent of roughly 135 [the hydroxy- 

* Experiments made by one of us (J. A. M.) on the mixture obtained by 
condensing ethyl cyanoacetdte witli heptaldehyde, iLsing magnesium methyl 
iodide to detect the presence of hydroxyl,, did not furnish any evidence of 
the presence of appreciable quantities of the hypothetical aldoMike compound. 

VOL. CXXI. 5 A 
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Z/iHJ # 

■A OTT .rK(OHVCH(CN)-CO,H, requires 129]. Thus only some 
“4 p’er font. 0 the product behaved as the aP-unBaturated acid ^ 

^ jr+n do namely to remain dissolved m the acidified sodium 

-i- - « 

t ^ if Vivr ptViPT It will be shown later that at least 42—53 per 
cent, of the acetaldehyde used in such a condensation may l,c 
converted into methylsuocinio acid. 

(B) Conveuion of the Crude Alkylideneeyanoacelie Ad>k hlo 
' ' Alkylsuccinic Acids, 

m n-He.ryUuccinic Acid from ffep(alde%de.-Oenanthol (2.5 
grams? is condensed ivith sodium cyanoacetate as made r„m 

fc? of 20 per cent, caustic soda as condensing agent. After haU 

„ L. .. 1»8«, th. U,..d k .h.k.» «.!. . «= • » k 

unchanged oenanthol, made neutral by addition of acete aed, 

^ Zllv mixed with potassium cyanide (ISB grams) in water 

1 heiru. 150 c c The whole is allowed to remain five days 
\ m temneSl e when it is made thoroughly acid with hydro, 
at room temperature extracted with ether, and after 

IvaZation’of the lllter, hydrolysed by means of fumng hydro, 
evaporation saturated at 0°), first m the cold and finally 

chlono acid ( . ., j.goUd acid formed is easily collected 

p^oductTal per ^ent’. of that theoretically possible from the 

£LTn?i?t!.daU21»(Higsm- 

The equivalent found was 280 , CeHy OHt 2 

'Tnl^llccinmide, V^‘^^cO>^^H.-This was prepared by 

with a fatty texture), itetfih^' ^ ^„,piifill in the receiver, 
when it passed over at 160 190 , £ light petroled' 

The imide separated ben^en «„ * “ N = H 

in clusters of silky needles melting at J1 i 
tlioHijOjN requires N = 7 6o per cen .). 
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(2) Melliylsuccinic Acid from Acetaldehyde. —On replacing hept- 
aldehyde in the preceding condensation by acetaldehyde, it was 
found that the titre of unchanged cyanide in the second part of 
the process fell only very slowly * and the process was therefore 
accelerated by heating the solution for ten liours on the water- 
bath. The product was acidified with excess of hydrochloric acid, 
evaporated to dryness, the residue being then hydrolysed with 
fuming hydrochloric acid, finally on the water-bath, until evolution 
of carbon dioxide ceased. The methylsuccinic acid was isolated by 
evaporating to dr 3 Tiess and extracting in a Soxhlet apparatus ^vith 
acetone ; it became semi-solid after boiling with dilute nitric acid 
and cooling, and in this crude condition represented a yield of 
about 53 per cent, of the theoretical quantity calculated on the 
weight of acetaldehyde used. In a second experiment under 
similar conditions, a yield of 42 per cent, of practically pure m ethyl - 
succinic acid (m. p. 110*^) was isolated. 

(C) Attempted Extension to Ketones. 

Preliminary experiments made in the hope of extending the 
application of the use of solutions of crude sodium cyanoacetate 
for the preparation of dialkylsuccinic acids from ketones were 
made and evidence was obtained that dimethylsuccinic acid could 
be obtained from acetone in this way, but in very small yield only. 
No appreciable quantity of a substituted succinic acid w^as obtained 
from cyclohexanone. The contrast between these results and those 
with aldehyde are in accordance with the fact that ^|3-disubstituted 
acrylic acids are formed less readily than the ^-monosubstituted 
acids and also react much less readily with additive reagents 
(compare this vol., p. 51). 

Invesiigalion of some Aliphatic Alkylidenecyanoacetic Esters. 

In view of the great practical difficulties encountered in studying 
the very mixed products obtained by condensing aliphatic aldehydes 
with salts of cyanoacetic acid it was thought desirable, before 
proceeding further along these lines, to concentrate on one of 
the several problems involved, and as the esters of the alkylidene- 
cyanoacetic acids are the only derivatives of the intermediate 
products which have previously been isolated in a pure condition, 
the study of these was taken up. Owing to the difficulty experi- 
enced in separating pure ethyl ethylidenecyanoacetate from 

* It has recently been show-n by Higginbotham and Lapworth (this vol, 
p. 49) that free unsaturated acids take up hydrogen cyanide much more 
slowly than the corresponding esters. 

5a2 
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unchanged ethyl cyanoacotate the experiments did not inc-lu(] 
the former compound. 

(1) E^cperiments oti Ethyl llcptylidenecyanoacetatef 

C6Hi3-CH:C(CN)'C02Et. 

— This substance was made by condensing ethyl cyanoacetate and 
heptaldehyde in molecular proportions with the aid of piperidine 
(about I drop per 4’5 grams of mixture) at room temperature for 
three hohrs and working up the product by dissolying it in ether 
washing out the piperidine with dilute acid and water successive^' 
drying, and fractionating three times under reduced pressure 
ester boiled at 144 — 14o®/13 mm. and represented a yield of 32 per 
cent, of the theoretical quantity ; of the remainder, about an 
equal weight could be distilled over at 190“/13 mm. 

Ethyl heptylidenecyanoacetate (ethyl a-cyano-p-u-hexylacrylate] 
reacts very slowly with bromine at the ordinary temperature 
When boiled with alcoholic potassium hydroxide, it gives oi 
ammonia and heptaldehyde. 

When the ester is shaken w ith a moderately dilute solution oi 
sodium hydrogen sulphite for a few minutes, it dissolves com- 
pletely except for a trace of oily impurity; if the solution used is 
very concentrated, the additive product is salted out as an oil 
which instantly dissolves on addition of water.* It has not been 
found possible to regenerate the ester from the resulting solution 
nor has the additive product in this instance been isolated in a 
crystaUinc condition. 

If a solution of potassium cyanide be substituted for one of 
sodium hydrogen sulphite, somewhat similar results are obtained; 
the product is the stable and soluble potassium derivative of the 
dicyanO'Cster, CgHj 3 -CH(CN)'CH{CN)'COgEt (compare Higson and 
Thorpe, T., 1906, 89, 1455), which is precipitated as an oil on 
addition of mineral acid. On hydrolysing this crude oil by means 
of hydrochloric acid, hexylsuccinic acid may be obtained in quantity 
corresponding with 85 per cent, of the possible amount calculated 
on the ethyl heptylidenecyanoacetate originally taken. 

Addition of sodium othoxide to an alcoholic solution of tie 
ester at once gives rise to a golden -yellow' coloration, doubtless dwe 
to the formation of the sodio'derivatives of the isomeric ^y-ester 
(compwrc p. 2746). 

The ester reacts very slowly with ozone. In one experiment, a 
stream of ozonised oxygen W'as pas.sed through 5 grams of the 
ester for sixteen hours, the product was then warmed gently nith 
water to decompose any ozonide formed, and the whole subjected 

♦ I«ator oxfMsriTnrtUs havo shewn that some of thrso additive products 
may ohlainod rc*udily enough in crystalline form. 
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to distillation in a current of steam. The first 50 c.c., which 
smelled strongly of heptaldehyde, was diluted to 300 c.c. with 
water and mixed at 90° with a solution of 1 gram of scmioxamazide 
in 300 c.c. of water. The precipitate obtained was collected, 
washed with water, and recrystallised from 85 per cent., alcohol; 
it weighed 0-9 gram, softened at 224° and melted at 227°, and had 
all the properties of heptcddehydesemioxamazoney 
CgHia-CHINgH'CO'CO-NHg, 

in admixture with a sample of which the melting point was 
unchanged (Found : N = 2M. C 9 Hi 702 N 3 requires N = 21-2 per 
cent.). 

It may be added that the later part of the distillate from the 
decomposition of the ozonidc contained only a trace of heptaldehyde 
together with unchanged ester. The absence of any appreciable 
quantity of hexaldehyde in the distillate and therefore of ^y-un- 
saturated ester in the original heptybdenecyanoacetic ester thus 
appears certain. 

When the yellow solution made by mixing heptybdenecyanoacetic 
ester in alcoholic solution with soebum ethoxidc (1 mol.) was heated 
with benzyl chloride for several hours, the ester was converted 
into an oily mixture from which no large fraction of constant 
boibng point could be obtained. It was clear that the reaction is 
a complex one, and analysis of one fraction, boiling at 176— 
178°/12 mm., indicated that it was a mixture of ethyl a-cyano-a- 
benzyl-A^-nonenoate, C5Hn*CH!CH‘C(CH2Ph)(CN)*C02Et, and the 
nitrile, C};Hii*CH!CH‘CH(CH 2 ph)’CN, probably arising from the 
former under the influence of sodium ethoxide with loss of ethyl 
carbonate (compare Ingold and Thorpe, T., 1919, 115, 143). It 
was inert toward solutions of potassium cyanide or sodium hydrogen 
sulphite. 

An attempt to prepare a crystalline phenacyl derivative by sub- 
stituting a>-bromoacetophenone for benzyl chloride in the operation 
described in the preceding paragraph (compare Harding, Hawnrth, 
and Perkin, T., 1908, 93 , 1958 and this voL, p. 2755) was not in 
this case successful. 

On adding bromine (1 mol.) to the solution made by mixing 
ethyl hep tybdenccyanoacry late and sodium ethoxide in equi- 
niolecular proportions, a precipitate of sodium bromide was at 
once produced, but some bromine remained free. The ester was 
found to be converted into a viscid liquid which could not be dis- 
tilled undecomposed and which on analysis by Robertson’s method 
was found to contain only 10 per cent, of bromine in place of the 
27-7 per cent, which is required for the monobromo-derivative of 
the original ester. As tlie product instantly liberated iodine from 
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acidified potassium iodide, it is probable although not ceTtaiii that 
the liromine was present in the «-position and not the T^-posnion, 
The non-utiUsation of a full molecular proportion of bromine in 
the above experiment and the low content of bromme m the product 
arc probably to be accounted for by the occurrence of a reaction 

of the type, 

2Ci,Hi30,NNa + Br^ = + 2NaBr, 

corresponding with the well-known conversion of ethyl sodioaccto- 

acetate into ethyl diacetylsuccinate. 

(2) Experiments on Ethyl oyoloHexyhdenecyanoacetate, 

-This substance was selected as one more likely to he persistent 

in the py-unsaturated form, CH2 <®=. qH >C'CH(CH)-C 02Et, 

which structure was the one selected for it by Harding, Haworth 
and Perkin (T„ 1908, 93, 1956). who accordmgly termed it cthjl 

Thr^ter^wM^Tcte "C ® of the methods described by the 
previous workers (loc. cit. p. 1958). the yield being 53 per cent. 
It boiled at 160-163^/15 mm. This ester dissolves quickly when 
haken with a strong aqueous solution of potassium cyanide, 
» sodium hydrogen sulphite solution dissolves it completel, 
fn £ course of twelve hours. Bromine and also ozone react nith 

Two Si^of the ester were subjected to the action of a cunvnt 
of strongly ozonised oxygon for four days, the ozonA fomd 
being subsequently decomposed by hot The mater 

iTt lUr;:!, bm the hmt p^-; 

the distillate smelled strongly Jd without 

p-nitrophenylhydrazono (ni, p. !■« )_ ’f 1^ 

- <.4 

L/am dlstillalo in appmeiabln quantily nlnn "'n 

ozonised for a few hours only. cvdoHex«lidaMfi»i>- 

ictiou of Potassium Cyanide on Ethyl oy loH^ 

acetate Formation of l-Carhoxycydohexyl-l-acelic Ac, . 

- (.112^*12 V (llSl^olVCd M 

—Ethyl r.vf/ohcxyliaenecyanoaacetate ( potassium 

-,0 c.c. of 95 per cent, alcohol, and to ^ 5011** 

cyanide (7-0 grams = 2 mols.) m o c.c. 0 J ,0 stand 

rise in temperature took place. The mixture was 
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two days, after which the alcohol was distilled off. On acidifying, 
an oil was precipitated which soon became crystalline. This pre- 
cipitate waa treated with fuming hydrochloric acid {80 c.c.), saturated 
at 0°, and after remaining over-night in the icc-chest the whole 
was heated under reflux until evolution of carbon dioxide ceased. 
On cooling, an oil, which quickly became crystalline, separated; 
this weighed 7-6 grams, corresponding with 88 per cent, of the 
calculated quantity. The crude acid was recrystallised several 
times from hot water with the aid of animal charcoal, when it 
melted constantly at 132'^. It crystallised in plates. A portion 
heated with resorcinol and zinc chloride gave, on addition of alkali, 
a solution showing intense green fluorescence (Found C 57-84 ; 
H = 7-50 ; equivalent by titration, 93. requires C — 

58-07; H — 7-53 per cent., equivalent — 93). . 

Reactions of a True p-y- Unsaiurated Cyanoacetic Ester. 

In order to obtain direct evidence bearing on the assumption 
that a 13y-unsaturated cyanoacetic ester of the type represented by 
Harding, Haworth, and Perkin for ethyl cyc/ohexyhdenccyanoacetate 
would behave towards ozone much like an ordinary ethylenic 
compound, the crystalline phenaoyl derivative, 

CH 2 <^ll 27 g^>C-C(CH 2 -C 0 Ph)(CN)-C 02 Et, 

described by them, was prepared. This is certainly a p-y-un- 
saturated ester and, as was anticipated, was found to react 
with ozone very readily; when a slow current of ozonised 
oxygen was passed through a solution of 2 grams of this compound 
in 5 c.c. of dry chloroform, a marked rise of temperature took 
place and in a few minutes the solution was entirely changed in 
properties, presenting the appearance of a thick jelly. It may be 
added that this compound also took up bromine with avidity in 
marked contrast with the behaviour of the parent x^-unsaturated 
ester, and was inert towards solutions of potassium cyanide or 
sodium hydrogen sulphite. 

The thanks of one of us (J. A. M.) to tlic Canadian Honorary. 
Advisory Council for Scientific and Industrial Research for the 
grant of a fellowship which enabled him to participate in this 
work is gratefully acknowledged. 
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CHATTAWAY AND HILL : 


CCCXXXI . — The Interaction of Diazonium Salts OTi/i 
Phenols, 


By Frederick Daniel Chattaway and Henry Rowland 

The usual method of formulating the reaction which tahe 
place when a solution of a diazonium salt is added to an alkali 
solution of a phenol does not make sufficiently clear that it almost 
certainly consists of two parts, of which only the first can rbhtl 
be regarded as a diazonium reaction. The second is a typi^ji 
intramolecular change and follows a course similar to that taken 
in other atomic rearrangements resulting in phenolic substitution 

In the first part of the reaction, the phenoxide ion forms ^vith 
the diazonium ion an additive compound which transforms in 
the second part into a mixture of the o- and p-hydroxyazo>[so 
merides. Both these by similar addition and intramolecular 
change yield the hydroxy- 2 ; 4 -his- and finally the hydroxy. 2 * 4 • g 
tris-azo-compound exactly as phenol under the action of nitric 
acid yields successively a mixture of o- and p-nitrophenol 2-4 
dinitrophenol, and picric acid. The first reaction may be forma, 
latcd thus : 


Ar*N.; Cgll.-O-X^-Ar 

the second thus : 


OH 

(>N,Ar 

OH 

n - 

_ A _ 





XoAr 


The subsequent formation of tlie hydroxy- his- and -trisazo- 
compounds similarly consists of two parts and, omitting the stages 
of the preliminary addition to the fresh quantity of diazonium 
salt, should be formulated thus : 


O-XV^r 



-- 

OH 

O-XjAr ^ 

/\ 

i r 

/\ 

1 1 

\/ 

X, 

1 1 ^ 

\/ 

XAr 



X.>.\r 


()-NV\r 

/\x.Ar 

\/ 

X,Ar 


Oil 

ArNjj^''j.N'jAr 

v, 


The reactions of yj-cliloro-, y^l)ronio-, and p-iodo-boiizencdiazo^yB^ 
salts with phenol follow precisely this course and result in t ^ 
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formation in each case of the isomeric ortho- as well as the well- 
known para-hydroxyazo-compound. This simultaneous formation 
of the o-isomeride has been observed previously in only two cases 
(compare Bamberger, Ber., 1900, 33 , 3188). 

The corresponding hydroxybisazo- compounds have been pre- 
pared, hut the hydroxytrisazo-compounds which are formed by 
the further interaction of the diazonium salt and the hydroxy- 
bisazo-compounds have not been isolated as they are difficult to 
free from the bis-compounds, which they closely resemble in 
properties ; the unsubstituted 2:4: O-trisbenzeneazophenol, which 
is more easily purified, has been isolated by Grand moug in and 
Fieimann [Her., 1907, 40 , 2662). 

The ortho-hydroxyazo-compounds are formed in very small 
amounts relatively to the para. They may easily be isolated by 
taking advantage of their slight volatility in steam, the para- 
ksomerides not being volatile in steam. 

The hydroxybisazo-compounds are formed by adding a cooled 
solution of the diazonium salt to a cooled alkaline solution of 
either the o- or p-hydroxyazo- compound and subsequently acidi- 
fying. The hydroxytrisazo-compounds are produced similarly 
from an alcoholic alkaline solution of the 2 : 4-bisbenzeneazo- 
compounds. 

Experimental. 

4'-Chloro-2’benzcneazophenoly CeH^ChNg-CgH^'OH.—Ten grams 
of p-chloroaniline, dissolved in 20 c.c. of concentrated hydrochloric 
acid and 60 c.c. of water, were diazotised and slowly added with 
constant stirring to 8 grams of phenol dissolved in enough 20 per 
cent, caustic soda to ensure the mixed liquids remaining alkaline. 
After some five minutes’ standing, acetic acid was added in slight 
excess and the mixture of 4'-chlorO'2- and -4-benzeneazophenoI, 
which was thrown down as a fight pink, finely divided precipitate, 
was filtered off and exhaustively steam distilled for about five 
hours. The ortho-compound, which only came over slowly in 
small amount, separated from the distillate in the condenser and 
receiver as a light yellow solid. 

The yield of ortho-compound amounted to about 1 per cent.* 
of the theoretical, the other 99 per cent, consisting of the long- 
known para-compound. 

To purify the crude product it was again steam distilled and 
finally recrystallised from alcohol, in which it is easily soluble 
and from which it separates in long, very slender prisms of a bright 
reddish -orange colour, m. p. 117-5°. 

It is moderately easily soluble in^most organic solvents and in 
alkali giving a yellow solution, but it is insoluble in water and 
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dilute acids (Found: Cl = 15-38. Ci^HsON^Cl requires CU 
15-2d per cent.). The deep red para-corapound remaining after 
steam distillation was used as the starting material for the 
preparation of the bis-compound. 

The other 2-azophenol3 described were prepared by the sane 
method with slight necessary modifications. 

^'.Br(mo-2-benzeneazopkenol, C5H4Br*Na'Ogtl4*Un, was prepared 
from p-bromoaniline and phenol and isolated exactly as deseribcil 
above The yield obtained was about 0-(i per cent, of the theoretical. 
It is readily soluble in alcohol, and crystallises in slender prisms 
of a bright reddish-orange colour decidedly redder in shade than 
those of the corresponding chloro-compound ; m. p. 133-5 ° (Found : 
Br = 29-10. CiaHaONjBr requires Br = 28-84 per cent.), 

.Iodo-2-benzeneazophenol, CgHjI-Nj-CjHj-OH, crystallises from 
alcohol in which it is somewhat sparingly soluble, in long, verj- 
slender’ needle-like prisms of a bright scarlet colour, m. p. 13!)=. 
The yield was about 0-6 per ceut. of the theoretical (Found; 


C HgONoI requires I = 39-17 per cent.). The 


increase 


of the red shade in the colour of these compounds with the nse 
in atomic weight of the halogen is worth noting. 

2.o-Tolueneazophenol: CeH^Mc-Nj-CsH.-OH.-Coupling in this 
case the only one in which an ortho-substituent was present in 
the ’aniline was much slower than in the others. On mixing, 
no colour appeared till several minutes had elapsed, and the 
reaction was not so clean as in the other ca.ses some tarry matter 
separating on acidification. The yield of ttic ortho-co jund 
was only about 0-4 per cent, of the theoretical, the well-known 
para-compound being again the chief product. 

-iMencazophenol is readily soluble in boiling alcohol a 

in ions, ..-.y 'IC”' ^,“5“ 

golden-red colour, m. p. 83 (l^ouml. iN - lo u 2 

. 2ii« .1 . diB«ni«. ..It m “ *' 

hydroxy-o- or an hydro.xy-p-azo-co.upoimd and •* , „ 

♦fying. They are all solids of a dull brown ^ „ 

rLJly dissolved by boiling organic solvent s 
cooling as ijiicrocrystallme powdei^. -in y 
alkalis, forming deep brownish-red ^ (NpCeH.Cl).,.- 

4' -. i".l)icMoro-2 : i.bishc>r.e,Mzophcno ,m 
This compound is produced when a P 

diazonium chloride is added to an ^ easily 

4'-chl<)To-2- or . 4 -ben 7 ,encazophennl It 
soluble in boiling glacial acetic acid, givi g 
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from which it separates on cooling in nodular aggregates of minute 
crystals. It melts with decomposition at 210-211'=’ (Found: 

01 = 19-09. C18H12ON4C4 requires Ci 19-00 per cent.). Its 
constitution was established by reducing it in glacial acetic acid 
solution with tin and hydrochloric acid. After removing the 
tin by hydrogen sulphide, a colourless solution was obtained which 
somewhat rapidly oxidised and became reddish-bro^vn. On 
evaporation to dryness, a reddish- bro\sTi, crystalline mass was 
left which, when heated for some minutes with acetic anhydride, 
yielded the triacetyl-2 : 4-diaminophenol, m. p. 180°, described 
by Kehrmann and Bahatrian {Ber., 1898, 31, 2399). 

As this bis-compound can be obtained cither from the previously 
described compound melting at 117-5 ° or from the well-known 
4'-chloro-4-benzeneazophenol, the former must have the ortho- 
configuration assigned to it. 

The constitution of the other ortho -azo and bisazo -compounds 
described was similarly established. 

4' : i"‘DihromO‘2 : i-bishenzeneazophenol, OH‘CgH3(N2'CgH4Br)2, 
separates from boiling glacial acetic acid, in which it is sparingly 
soluble, in yellowish- brown, crystalline nodules similar to those 
of the bischloro- compound but somewhat darker in shade. It 
resembles the corresponding chloro- compound closely in properties 
and melts with decomposition at 224° (Found : Br = 35-40. 
CigHi20N4Br2 requires Br ^ 34-74 per cent.). 

4' : -Di-iodo-2 : i-bishenzeneazophenol, OH*CgH3(N2*CgHJ)2, 
separate.s from boiling glacial acetic acid, in which it is very sparingly 
soluble, in nodular crystalline aggregates of a dark bro\vii colour, 
ni. p. 208 ° (Found : I = 45-94. requires I ^ 

45-81 per cent.). 

A number of isomeric bis -derivatives containing different azo- 
groups have been prepared. 

4:-p-Chlorobenzeneazo-2-benze7ieazopheriol, 

forms minute crystals of a yellow-brown colour, m. p. 165° 
(Found : Ci — 10-61. C13H43ON4CI requires Cl = 10-53 per cent.). 

2-p-Chlorobenzeneazo-4:-beyiZeneazophenol crystallises in small,* 
yellow crystals, m. p. 133° (Found: Cl — 11*70. C18HJ3ON4CI 
requires Cl = 10-53 per cent.), 

1- p-‘BromohenzeneazO‘2’benzeneazophenol forms aggregates of 
minute, brown crystals, m. p. 178° (Found : Br = 21-30. 
Ci8H430N4Br requires Br = 20-97 per cent.). 

2- p-Bromobenzeneazo-4‘herizeneazo phenol forms nodular aggregates 
of small, brown crystals, ni. p. ^ 147° (Found : Br = 21-00. 
^i8^i3^N4Br requires Br ~ 20*97 per cent.). 

5 A* 2» 
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i.n.Iodobenzeneazo-2-benzcneazopUnol forms aggregates of 

brown crystals, which decompose on heating at 

TboutV (Found: 1 = 29.70. C^H^ONal requires 1 . 2, ei 

^^^JMenzeneazo-i-benzeneazophend 

of minute, dark brown crystals, m. p. 10 (Found. 1 = 30.02. 
^I^n aggregates ol 

c H, -ON.Br requires Br = 20.22 per cent). 

*4 n Rromo 6 er«e«Mro- 2 -p-folRr«c«opfte«of forms aggregates d 
minute Tght Froum crystals, m. p.213MFound: Br = 20.30. 
r H ONaBr requires Br = 20.22 per cent.). ^ 
irmav be noted as an interesting point in connexion with th» 
mixed blazo-compounds that in every case the com pound iviti, 
T azo-group containing the halogen in the para-position has a 
much higher molting point than its isomende. 

The Queen’s Colleue. [Received, Ocloher Zht, 1922.] 
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rCCXXXII. The Behaviour of the Stannic /tciVIs 

tmmrds Solutions of Alkaline Hydroxides. 

By George Ernest Collins and John Kerfoot Woon. 

, nhil vnl D 444) dealing with the stnicbm 

that the more complex , ^ tPe action of strong 

of being resolved into less i • u jn accordance Tiith bcU- 

acids and bases, an exiwctation iGim ^ 

established facts. In the paper ^ ^ > tliscussed; tte 

stannic acids towards hydrochlon i. 

Ihich different modifications of 
to the action of solutions of alkaFiie > 

The general principles which “oded.e ^ fc 

the stannic acids are ° of hydrochloric acid UF” 

cussed in connexion with ^ , though it is impossible, ow". 

the same substances ((oo. cif.). Althougn 



acids towaeds solutions of alkaline hydroxides. 2761 

to the rapidity with which subsequent changes take place, to obtain 
an adsorption isotherm, it is probable that alkali is first of all 
adsorbed by the stannic acid and that this adsorption is followed 
by chemical action between the two substances. This chemical 
action, as in the case of the behaviour towards hydrochloric acid, 
jnay follow two courses, the one leading, under favourable con- 
ditions, to the peptisation of the stannic acid, and the other bringing 
about the gradual disintegration of the original complex acid and 
leading to the formation of a less condensed modification of stannic 
acid. 

The chief difference between the action of alkaline hydroxides 
and that of hydrochloric acid on the stannic acids lies in the fact 
that both peptisation and the reversal of the a-p change are brought 
about more easily by the former reagents than by the latter ; such 
behaviour is quite in accordance with what has been previously 
stated with reference to the relative values of the basic and acidic 
affinities of stannic hydroxide (this vol, p. 444). Owing to the 
acidic properties being the more highly developed, a given sample 
of stannic acid will tend to form salts with adsorbed alkahs which 
are more stable and less liable to suffer hydrolysis than those formed 
mth adsorbed acids. As peptisation takes place as a result of 
the electrical charge which the complex acquires through the ionisa- 
tion of these salts, it is evident that a solution of potassium hydroxide 
will be a more efficient peptising agent than a solution of hydro- 
chloric acid of equivalent concentration, for the simple reason 
that the former substance will be able to form a larger amount of 
salt than the latter, and so lead to the complex becoming more 
highly charged than is possibleSvith the acid reagent. 

On the other hand, owing to the acidic properties of stannic 
hydroxide being more highly developed than the basic ones, it 
naturally follows that the salt-like complex resulting from the 
condensation of stannic hydroxide 'will be more readily decomposed 
by a solution of potassium hj^droxide than by one of hydrochloric 
acid of similar concentration. 

Since peptisation of the stannic acids by acids and alkalis is 
brought about in accordance with the same general principles, it 
follows that the comparative behaviour of different modifications 
of stannic acid towards alkaline hydroxides ^\^ll be analogous to 
that shown towards hydrochloric acid. The critical concentration 
of alkali necessary to bring about the peptisation of a sample of 
stannic acid will therefore be the greater the more condensed the 
acid is, that is, the more completely it has acquired the ^-nature. 
Conversely, the p-sols should he more readily coagulated by the 
addition of an excess of alkali than the sols formed from the a-acid, 
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as the repression of the ionisation of the alkaline salt of the 
and consequent reduction of the charge carried by the comply 
particles, would be more readily brought about than with the gj.|{ 
of the a-acid. Various observations in the literature are in agt^ 
ment with the conclusion drawn above regarding the relative ease 
of peptisation of different modifications of stannic acid. Xb 
whilst Heinz (Dissertation, Gottingen, 1914) found that sols *5 
a-stannic acid could be obtained in which the ratio of K^Oi 
SnOj was 1 : 200, Franz (Dissertation, Gottingen, 1913) found % 
the ratio in p-sols wag 1 ; 25 or 1 : 50. Again, although botbjj 
and p-stannic acids have been described as soluble in a soludej 
of potassium hydroxide, a differentiation in their solubility 
made by Kiihl [Pfiarm. Zig., 1908, 53, 49), who showed thatapi^ 
paration of stannic acid in which the a-p change had progressej 
to a considerable extent required a solution of potassium hydro.d(i 
of greater concentration to dissolve it than was necessary \nj))j 
less condensed sample of the acid. 

Whilst there appears little doubt that the principles vHd 
govern the action of alkaline hydroxides upon stannic arid ajf 
independent of the particular alkali employed, it must bs nold 
that the changes observed with sodium hydroxide differ vet 
considerably from those which accompany the action of potassi® 
hydroxide. This difference in behaviour, which is fully dcscrila 
in the experimental part of the paper, is probably due to the dife 
ence in the solubility of the sodium and potassium salts of stani 
acid, Zocher [Z. anorg. C/iew,, 1920, 112, 1) having shown so& 
stannate to be less soluble than the potassium salt. In viewji 
the lower solubility of the sodiuifi salt, a smaller concentrate 
of sodium hydroxide than of potassium hydroxide would be 
to bring about the coagulation of sols produced as a result of ir 
peptisation of stannic acid by the two hydroxides respectively, 


E X P E K I M E N T A L. 

The samples of the different modifications of stannic acid m 
were employed were prepared by the methods which havete 
described in the previous paper dealing with the hydrochloric as 
experiments {loc, cil.). 

Two series of experiments were conducted ; in the one, 
amounts of the different preparations of the acid vvere trrati 
with a concentrated solution of potassium hydroxide (14'3 *V)ji 
afterw'ards diluted, whilst in the other quantities of ^-stanuiesi’ 
'vere treated with dilute solutions of potassium hydroxide of vari 
degrees of concentration. The mixtures wqtg maintained a! 
temperature of 25°. 
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In both series of experiments it was found that with the higher 
ioncentrations of alkali (0'8— riiV) a portion of the p -stannic 
icid was undispersed, whereas with the a-acid the whole of the sub- 
stance added was dispersed in presence of potassium hydroxide 
3 f the above concentration. This difierence in behaviour was 
attributed to the greater case with which the p-sols undergo coagu- 
lation, the ionisation of the salt formed by adsorption of the alkali 
by the acid being repressed by the excess of potassium hydroxide 
remaining in solution. That this explanation is the correct one 
was shown by removing the apparently iasoluble matter from the 
flasks containing the (3 -mixtures in question and adding it to dis- 
tilled water, when it was found that the substance readily dispersed 
owing to there no longer being an excess of potassium ions present 
jn the liquid. The critical concentration of potassium hydroxide 
above which coagulation of ^-sols takes place is 0‘78iY ; this is a much 
lower concentration than was observed with hydrochloric acid as 
[peptising agent, for in such cases no coagulation occurred mih. a 
solution having a concentration of I'uAh 
In all those cases in which the whole of the initial quantity 
of stannic acid was dispersed, more of the requisite preparation 
wa.s added to the mixture, and this process was repeated if such 
gubsequent additions were, in their turn, completely dispersed, 
i^s more and more of the acid was added, the colour of the mixture 
^ecame more intense, and the viscosity considerably increased, 
Pith this increase in viscosity the rate of dispersion of the solid 
iminished and it became possible to observe the intermediate 
bages of the process. The fine powder added first caked together 
nd gradually underwent transformation into a clear yellow gel 
rhich slowly dispersed into the supernatant liquid and gave, 
ventually, an apparently homogeneous system. The larger the 
mount of stannic acid Avhich was added, the stiffer was the gel 
Itimately obtained ; it was possible to obtain gels so stiff that they 
stained their shape when the containing flasks Avere inverted. 

The composition of some of the gels obtained b}^ the action of 
be more dilute solutions of potassium hydroxide on samples of 
tannic acid is shown in Table I; for the purpose of contrast, 
^ures are also given shoAving the composition of the filtrate from 
^sterns in Avhich the concentration of alkali used had been suffi- 
ently great to repress the ionisation of the salt formed by adsorption 
f potassium hydroxide by the initial quantity of stannic acid, 
he alkalinity was determined by titration AAith a standard solution 
: hydrochloric acid, using methyl- orange as indicator, Avhilst the 
D was estimated by titration Avith iodine after reduction to the 
iannous condition by means of ali\piinium and hydrochloric acid. 
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Variety of acid. 


a 

a 


Table I. 

Original normality of KOH. Composition of gel cent 
KjO. SnO^, ■ 

04 0-98 lO-s 

0-8 1-99 28*4 

0-49 142 25-8 

0-0 l-<)8 27-2 


Systems in which the initiitl amount of stannic acid was not wholly 
dispersed. 

Composition of filtrate 
per cent. 

Variety of acid. Original normality of KOH. KjO. SnOj, 

‘g 0‘8 3-29 2-91 

^ 1-0 3-94 5-80 

Attempts were made in several cases to determine the amount of tin 
in molecular solution by submitting the mixtures to ultra- filtration, 
but this was a much more difficult operation than with the hydro- 
chloric acid systems owing to the action of the alkali on the collodion 
membranes . The best results were obtained by using films strength- 
ened by means of calico ; reinforced films of this kind wm prepared 
by immersing a piece of the fabric in the solution of collodion and 
leaving it in position during the evaporation of the solvent. Some 
of the results obtained from mixtures containing a -stannic acid are 
shown in Tabic 11, the concentration of stannic oxide being expressed 
in gram-molecules per litre, whilst the alkalinity is expressed in 
normalities. 

Table II. 


Composition before ullra-filtration. 
OH'. SnO,. 

0-009A^ O-rjUG 

0-150 „ 0-888 

0-304,, 

0-468,, I'OO 

0-661 „ 2-48 

0-732 „ 304 


Composition of ultra-filtrate. 
OH'. SnOj. 

0-005V 0-0023 

0-061 „ 0-284 

0-115,, 0-.542 

0-172,, 0-527 

0-399 „ l -'iS 

0-348,, MO 


Although the above result.s do not correspond with equilibrium 
conditions and so have no actual quantitative significance, it is 
possible to draw certain qualitative deductions from them, h 
every case the concentration of alkali is much reduced by the 
process of ultra-filtration, and this can only he accounted for by 
a large amount of the potassium hydroxide having been adsorbed 
by the colloidal stannic acid and removed along mth the latter 
by tho filtration through the collodion membrane. The toW 
quantity of tin in the mixtures before ultra-filtration is much greater 
than in the viscous mixtures prepared by the agency of »' 
chloric acid, this being accounted for by the much greater pou 
of peptisation which potassium hydroxide has for stannic _ 
Fiptbcr, of the total tin present in the mixture, a larger prop 
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qses into the ultra-filtrate than was the case with the hydrochloric 
acid mixtures, thus indicating that stannic acid can acquire a much 
higher degree of dispersion when acted upon by potassium hydroxide 
than is possible when a solution of hydrochloric acid of similar 
concentration is allowed to act upon the same variety of stannic acid. 

Actiofi of Solutions of Sodium Hydroxide on Stannic Acid.— 
Experiments similar to those which have been described above were 
made in which two varieties of stannic acid were acted upon by 
means of solutions of sodium hydroxide free from carbonate and 
chloride. None of the remarkable results which were obtained 
by the use of potassium hydroxide was observed to take place when 
sodium hydroxide was employed, a portion of the original amount 
of the stannic acid, whether a- or p- in character, remaining undis- 
solved in every case ; no change in the appearance of the mixtures 
was observable during a period of seven months, the liquids remain- 
in'T perfectly clear and mobile throughout the whole period. In 
Table III, the results of the analysis of the clear liquids, made 
*^07 days from the commencement of the experiments, are given ; 
as in previous cases, the concentration of stannic acid is expressed 
in gram-molecules per litre and the alkalinity was determined by 
titration with hydrochloric acid, with methyl-orange as indicator. 


Initial normality of 
NaOH. 

0-209 

0-418 

0-627 

0- 836 

1- 045 


Table III. 

a-Staniiic acid. ^-Stannic acid. 


OH' conen. 


OH' conen. 


in liquid. 

SnOj. 

in liquid. 

SnOa, 

0-179^ 

0-0065 

0-208N 

0-0033 

0-417,, 

00183 

0-342 „ 

00105 

0-592,, 

0-0304 

0-572,, 

0-0250 

0-789 „ 

0-0402 



0-988 „ 

0-0573 

0-878,, 

0-0899 


The amount of tin in the most concentrated mixture containing 
P-stannic acid is abnormally high and may be due to the mixture 
not having arrived at equilibrium j it was unfortunately impossible 
to make a subsequent analysis. 

It is evident from the above figures that a considerable amount 
of adsorption takes place, this being the explanation of the difference 
betw'een the initial and the final alkalinity . Within the limits of con- 
centration studied, the amount of tin dispersed increases with the 
concentration of the alkaline solution used. Moreover, the results 
obtained with the three most dilute solutions show that the [J-acid 
is less soluble than the a- variety, this being in agreement with what 
would be anticipated from theoretical considerations. 


College of Technology, 

Manchester. [Received, Oclober &th, 1922.] 
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The Significance of Crystal Structure, 

A Lecture Delivered before the Chemical Society ox 
October 26th, 1922. 

By Sir Wiluam H. Bragg, K.B.E., F.R,S. 

It has long been perceived that every crystal is built up by the 
repetition throughout its volume of a certain unit. The repetition 
is exact in every detail, so that each unit is a perfect epitome of 
the whole. This idea is to be found in the writings of all the 
crystallographers : Barlow has expressed it very definitely ; 

A homogeneous structure is one, every point within which if 
wo regard the structure as without boundaries, has correspondLn 
to it an infinitude of other points whose situations in the structure 
are precisely similar . . {Min, Mag,^ 1895, 11, 119 ), 

Barlow was certainly correct in his insistence on this as the 
fundamental point in crystal structure ; and in putting into a 
secondary place the consideration of methods of dividing space 
into similar cells. Much attention has been directed to the latter 
question, but its interest belongs to geometry more immediatelv 
than to physics. 

The conception of the unit cell— we may call it the crystal umV 
being once adopted, the question of its contents arises iiuraedi- 
ately. Until the advent of the JC-ray analysis there was no certain 
answer to the question ; and in consequence further progress iji 
the examination of the internal structure of crystals was practically 
blocked at the outset. It has sometimes been assumed that the 
unit is the chemical molecule, and much good experimental work 
has been described in terms of that conception. But such work 
can never bear its full fruit as long as it is rooted in an unsound 
idea. There is really^ no reason why the crystal unit should he 
identical with the chemical molecule ; there is, in fact, every reason 
to expect the contrary. 

The chemical molecule is the smallest portion of a substance 
which displays in full tlie properties of the substance. A pure 
substance consists of molecules wliich arc ail exactly alike; and 
there is nothing done by a crowd of them which each could not 
do to a lesser extent by itself. But the properties referred to in a 
definition of this sort are limited ; the definition is incorrect if 
the limits are not carefully dra’wm. Broadly speaking, the properties 
are those which are possessed when the substance is in a liquid or 
a gaseous state and not in a solid state. A substance in the solid 
condition possesses a large number of properties which it does not 
possess as a liquid. Chemiail analysis is based on the behavioiff 
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of substances when their crystalline bonds have been broken up 
and the substance is found to be composed of units which are 
similar and behave similarly and are called molecules. It does 
not follow that each molecule, so identified, is capable by itself 
of representing the properties of the crystal. We know, in fact, 
of cases where it ia not so. For example, the molecule of silicon 
dioxide is incapable, by itself, of producing the rotation of the 
plane of polarisation of light which is so characteristic of quartz. 
As a matter of fact, the crystal unit which does possess the property 
is made up of the substance of three molecules. 

The crystal unit must contain the substance of an integral number 
of molecules; this is a simple consequence of the fact that the 
atoms of the different elements are present in the same proportion 
in both solid and liquid. We have no cause for assumbg that the 
crystal unit contains the substance of one molecule only; nor 
have we cause for assuming that the molecule will be found in the 
crystal in exactly the same form and condition as in the liquid 
or gas. 

The X-ray analysis shows that the unit nearly always contains 
the substance of more than one molecule, generally of two, three, 
or four. Further, it shows that the atoms in the unit can be divided 
into groups, each containing the substance of one molecule. The 
division may be very clear, as in the case of organic crystals ; it 
may also be very faint or even indistinguishable, as in the case of 
rocksalt and diamond. The group may be spoken of as a mole- 
cule; but if so, it must be understood that the use of the term in 
the two cases does not imply that the relative dispositions of the 
atoms in the molecule of the crystal are the same as those of the 
atoms in the molecule of the liquid. We have good reason to 
believe that the crystal molecule ” differs very little from the 
ordinary molecule in many cases, but wo may not assume them to 
be identical. 

The definition of the crystal unit by the methods of X-ray 
analysis is quite precise. The form of the unit is necessarily a 
parallelepiped; it is bounded by three pairs of parallel faces. 
Ihe distance between a pair, known as the “ spacing ’’ of the 
plane parallel to the pair, is determined by the law 

A. = 2d . sin 6, 

where \ is the wave-length used, d is the spacing, and 0 is the 
smallest of the angles which the incident rays must make with 
the plane in order that reflexion may take place. Consequently, 
t e measurement of a single angle determines the spacing in the 
case of each pair. This gives thb volume of the unit. The 
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weight is found by multiplying by the density, and the 
of molecules by dividing this weight by the weight of 
molecule. ® 

The shape of the unit has really an infinite number of alternativeg 
All the comers of the unit are exactly alike, in the sense that fro 
each of them the outlook into the crystal is exactly the same 
These corners, with all similar points throughout the crystal 
up the space lattice of the crystal. There is an infinite number of 
ways of choosing eight points on the latter which will be the comei^ 
of a parallelepiped containing no other similar point, and any one 
of these can be looked on as the crystal unit. They all contain 
the same number of molecules. 

It is then to be asked whether the X-ray method is a trust 
w^orthy judge of the similarity of planes. Might there he so?iie 
difference which is important to the structure of the crystal hut 
escapes detection by the X-rays ? 

Now it is true that the X-rays cannot distinguish between tJie 
two sides of a reflecting set of planes. Some time ago it was pointed 
out that in zinc blende, for example, it was impossible to differ- 
entiate the two ends of the polar crystal. If we move along a 
nomial to the (111) planes of zinc blende, we come to layers of 
zinc and sulphur alternately : going one way, the distance from 
zinc to .sulphur is three times the distance from sulphur to zinc- 
going the other way, the ratio reverses. The intensities of the 
various orders of reflexion of X-rays depend on the relative magni- 
tudes of the spacings but not on their order, so that the (111) 
plane of zinc blende is the same both ways so far as X-rays are con- 
cerned. For the same reason, as has been pointed out more recently, 
the X-rays cannot differentiate directly a right-handed spiral from 
a left, since one is the reflexion of the other. 

But these limitations do not affect the power to determiue the 
size of the crystal unit wdtliout any uncertainty, so far as can he 
judged at present. There are, of course, difficulties of technique; 
some reflexion may be too small to be seen. But this difficulty is 
always removed by the examination of other planes. 

When the crystal unit was of indetenninate size it was not a 
very iiniwrtant conception. But the case is very different when 
the number of molecules in it has been found. It is then .ready to 
play its part in relation to the properties of the crystal, just as 
the molecule has played its part in relation to other projx’rtics. 
The unit possesses in full all the projK-wties of the crystal ; elaslm 
constants of volume, and of rigidity ; electric conductivity ; tliernisl 
conductivity; dielectric capacity; optical activity and so on; all 
these things, moreover, are vector quantities, not scalar merely. 
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It lies before us now to consider the structure of the unit in relation 
to each of these properties, just as in tiino past wo have considered 
the structure of the molecule in relation to the limited number of 
ways in which it possesses the properties of the substance of which 
it is the unit. In this way, a wide field of research opens out, 
and the entrance into it is by way of our knowledge of the actual 
contents of the crystal unit. 

Among the innumerable problems that now present themselves 
we may, this evening, consider those which are concerned especially 
with the relations between the crystal unit and the molecule ; the 
divisibility of the unit into groups, and the degree of resemblance 
between the group and the chemical molecule. 

We find the most ready illustrations in the case of organic crystals, 
because the division into groups is so well marked. In an address 
to the Physical Society a year ago,* it was shown that the naph- 
thalene unit contained two groups similar or identical with napli- 
thalene molecules; that the same held for anthracene; that 
oc-naphthol, p-naphthol, acenaphthene, and others were similarly 
divisible into four. Since that time a number of other organic 
crystals have been examined and always with the same result : 
there are generally four molecules in the cell, sometimes two, 
sometimes one. There are no doubt units with three molecules 
to the cell, but no tested cases can be quoted as yet from among 
the organic crystals ; in the inorganic, quartz is, of course, a notable 
example. 

. It is a very suggestive fact that the number in the cell seems 
to be closely related to the symmetry of the crystal on the one 
hand and the probable symmetry of the molecule on the other. 
In the case of a-naphthol, for example, the substitution of the 
hydroxyl group for one of the hydrogen atoms may be expected 
to have destroyed some of the symmetry previously displayed by 
the naphthalene molecule. It is natural to associate this with 
the fact that the unit of a-naphthol contains four molecules, and 
the unit of naphthalene contains two; w^hile both possess the 
same symmetry, that of the monoclinic prismatic class. So, 
again, two molecules of benzene are built into the crystal unit, 
and four molecules of benzoic acid. The latter molecule must 
be the more unsymmetrical ; and we find, correspondingly, that 
even with the extra number of molecules the symmetry of benzoic, 
acid is actually less than in the case of benzene. It is suggested 
by many observations of this kind that the symmetry of the crystal 
tends to increase with the number of molecules in the unit and 
also with the symmetry of the molecule. 

* Proc, Physical Soc., 1921, 34, Dec. 
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The point has been studied carefully by Mr. Shearer * and he 
has drawn the conclusion that, provisionally at least, these con 
siderations may bo expressed in a definite quantitative form. 

For the sake of clearness we may, before attempting to state 
Shearer’s rules, review some of the principles of crystal class!, 
fication, in especial connexion with the conception of the crystal 
unit. 

Of the thirty-two classes into which crystals are divided according 
to their symmetry, the first has no planes, axes, or centre of sym. 
metry. The crystal unit contains only one molecule, which itself 
cannot have any symmetry ; if it had, the symmetry would appear 
in the crystal also. The symmetry of the crystal molecule expresses 
itself in its relation to its neighbours ; if every molecule has, for 
example, the symmetry due to self- coincidence after reflexion 
across a plane, the symmetry includes also the modes of relation. 
This must be true throughout the crystal, and consequently the 
crystal must have a plane of symmetry. 

The second class of crystals is distinguished by the possession 
of a centre of symmetry. If the molecules of which the crystal is 
composed arc themselves asymmetric, it will be necessary to take 
two of them and arrange them so that they have a common centre 
of symmetry in order that the unit which contains the two shall 
also possess a centre of symmetry. 

With two similar asymmetric molecules we can also obtain the 
symmetry of yet two other classes. In one of these, the second 
molecule becomes similar to the fii-st in regard to the mutual orient-, 
ation of its parts if it is rotated about some axis through two right 
angles. The crystal then bidongs to the monoclinic sphenoidal 
class, the name given to it being descriptive of the form which 
the crystal assumes. The form Ls simply a consequence of the 
existence of two molecules in the unit, one being the digonal of 
the other. 


The remaining two-molecule class has a plane of symmetry. 
One of the asymmetric molecules, after reflexion across the plane, 
becomes similar to the other in respect to the mutual orientation 
of its parts. The molecules are related to one another as right 
hand to left. This is t!ic monocUnic domal class. 

The symmetry of the three two-molccule classes might, of course, 
be achieved by the use of one molecule only, if that moiccu e itse 
possessed the pro{)er symmetry. 

Crystallographers have adopted a very convemen 
plctc way of representing tlic proi>ertie3 of ^ Lgle 

gram. The diagram.s of the single molecule and I c 

• Paper read Ixdore tl>o Phy.deal Society of London on December c , 
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crystals, which we have just described, arc shown in Fig. 1. 
The dot in the figure represents, in our present description, a Sngle 
asymmetric molecule; in this way we give it more significance 
than is usual. The molecule represented by a dot is above the 
plane of the paper, the molecule represented by a small circle is 
below. It is easily seen that there are no more combinations of 
the two molecules than those which are shown. Wc now go on 
to consider the symmetry of the unit which contains four mole* 
cules. Naturally, the symmetry is of a higher order. 

If we take a molecule, A, and a second, B, which is the reflexion 
of A across a plane, and also two, C and B, which arc derived 
from A and B by rotation through two right angles about an axis 
perpendicular to the plane of reflexion, we obtain a crystal which 
has a plane of symmetry and a digonal axis perpendicular to it. 
This is the monocUnic prismatic class to which the majority of 
organic crystals belong. 

Fio. 1. 

12 3 4 



Triclintc Tncltnic JfonocLtiic Monoclintc 

(isj/mfneiyic, pinti/soidiiL dofnal, spk^noidul. 

Another four-molecule class is the rhombic bisphcnoidal, in 
which the first and second molecules become mutually coincident 
after rotation about a digonal axis ; and the third and fourth, are 
derived from the first and second by rotation about a second 
digonal axis perpendicular to the first axis. 

In another four-molecule class, the rhombic pyramidal, the 
second molecule is the reflexion of the first across a plane, whilst 
the third and fourth are the reflexion of the first and second across 
a second plane which is perpendicular to the first plane. 

Eight asymmetric molecules are required for the rhombic bi- 
pyramidal class. One molecule is reflected across a plane ; the third 
and fourth are derived from the first and second by reflexion across - 
a plane' which is at right angles to the first plane ; the other four 
are derived from the first four by reflexion across a plane which 
13 at right angles to both the other planes of reflexion. 

The diagrammatic representation of this second set of crystal 
classes is shown in Fig. 2. These with the other four make up 
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the eight different classes, built of asymmetric molecules, in ,vliic|, 
any two molecules can be brought to coincidence after reflexion 
through a centre of symmetry or reflexion across a plane of symmetry 
or a digonal rotation about an axis or some combination of these 


operations. 

Fig. 2, 



Monoclinic Bhomhic Ilhowlic Rhombic 

prismatic. hisphenoidal pyramidal. hpyramflal 

In this manner we may work our way through all the thirty- 
two classes of the crystallographer. The remaining iwenty-four 
contain always a tetragonal or trigonal axis. For example, the 
symmetry of quartz is represented in Fig. 3 (o) ; if the result we 
attained by using asymmetric molecules in the construction, the 
crystal unit would contain six of them. The symmetry of corundm 
(or ruby or sapphire) [Fig. 3 (h)] would require twelve. 


Fig. 3(rt]. 

.0 


Quartz, 

Trijmal i ra pezohed ral. 


Fig. 3 (ti). 



Ruby. 

Ditrigonal scdtnohedral 


We sec that in every case the symmetry can be 
use of a proper number of asymmetric molecules, 
the “ symmetry number.” . . 

Shearer’s rules may now be stated as 
The number obtained by dwidmg the wcig 
by the molecular weight is either equal to t ► y 

or is a sub-multiple of it. , . , , the svmmdry 

In the latter case, the number obtamml by cb^ding^ P 
number by the number of ipolecules .s the symmetiT 
the molecule. 
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The first of these rules amounts to saying that the chemical 
molecule, in substance, if not in form, is the basis of construction 
of the unit, In no case have we found, as yet, that the number of 
such molecules is greater than the symmetry number. We have 
often found that it is smaller. 

The great majority of organic crystals arc monoclinic pris- 
matic; the symmetry number is four, and we find four mole- 
cules in the cell. This ought to be the case if the molecule has 
no symmetry. For instance, there are, in all probability, four 
molecules in each of the crystals in Table I. We have only tested 

Table I. 

Dihydroxy benzenes. 

1:2. 1:3. 1:4. 

4 moleciilea. 4 molecules. 4 molecules. 


a 

11-05 

9-56 

13-58 

b 

6-88 

10-5 

5-22 

c 

7-05 

5G8 

8-13 

3 

95® 15' 

90° 

107® 


Dinitrohenzenes. 



1:2. 

1:3. 

1 ; 4. 

a 

7-95 

10-52 

14-1 

b 

130 

11-15 

6-93 

c 

7*45 

6-07 

7-23 

iS 

112 ® r 

90® 

02® 18' 


Hydroxy benzoic Acids. 



1:2. 

1:3. 

1:4. 

a 

11-56 

6-31 

10-1 

b 

11-22 

9-03 

4-15 

c 

4-93 

11-03 

18-27 

& 

91° 22' 

90° 

126® 42' 


three of them as yet, namely, salicylic acid, resorcinol, and 1 : 2- 
tlinitrobenzene ; these are sure to carry with them the other 1 : 2 
and 1 : 3 substances ; we may reasonably expect the 1 : 4 sub- 
stances to contain four molecules also. The 1 : 4-diliydroxybcnzene 
included in the table is the metastable form. The whole set is at 
present under investigation. 

Let us now consider the experimental evidence, and in the 
fii’st place let us consider how we should expect the J^-ray measure- 
ments to show up the division of the unit into molecules, and the 
symmetry relations of the molecules. 

The relative positions of the molecules in the unit must, if our 
ideas are correct, be governed by certain relations : 

(a) If a unit contains two molecules one of which is the reflexion 
of the other across a plane of symmetry, and if wc suppose the 
crystal unit to be so placed that each corner of it is occupied by 
a representative of one of the two types of molecule, then the 
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molecule of the other type must lie on a line perpendicular to the 
plane of reflexion and passing through the centre of one of the faces 
of the cell. 

For, suppose that the figure (tig- 4) represents a view along the 
a axis of the unit : and that, according to convention, the plane 
of symmetry is perpendicular to the b axis, Ob. A wiolecules^ 
represented by arrows, are placed at Obdc : the end of the arrow 
in each case lies exactly at a corner of the rectangle. The 
molecules are the reflexions of the across some line parallel 
to Oc; as, for example, the dotted line. As far as symmetry 
goes, there is no reason why the dotted line should occupy any 
particular position, so long as it is parallel to Oc. The actual 

Fia. 4. 5. 








/ 




0 


nogition carrvino with it tlic relative dispositions of .1 and B, 
must depend' on tiro forms of the molecules and their >,rat».l 

"&iUiirther. and this is an important point, 

arrow need not lie on al at all ; it may he on ef as ^ pio' « 

that ef is parallel to OO and passes through the 

the Obdc face. The possession of a plane of symme rj y 

crystal is ensured if the following operation is success ul. 

the same operation also reflects h to - an 
coincidence with the .1 molecule at 0. 

self -coincidence. r.n«ihle* the shift 

Certain other positions of \hc B molecule a p 
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bfiiug varied so that the double operation brings the A molecule 
at c to coincidence with the ^-1 molecule at some other point than c. 
If these be considered in turn, it will be found that they are all 
covered by the relation (a). 

The second relation is as follows : 

If a unit contains two molecules, one of which can be brought 
to coincidence with the other by a digonal rotation about an axis — 
the crystal then necessarily possesses a principal plane perpen- 
dicular to the axis — and if we suppose the crystal unit to be so 
placed that each corner of it is occupied by one of the two types 
of molecule, then the molecules of the other type must lie on planes, 
perpendicular to the axis, which either contain A molecules, or 
exactly interleave planes containing A molecules; or in other 
words, on planes perpendicular to the axis and passing through a 
face centre. 

If, for example, a digonal rotation about the dotted line (Fig. 5) 
as axis brings the A molecule at d to coincidence with a G mole- 
cule as drawn, the end of the C arrow may lie on bd. But it may 
also lie on ef, ef being parallel to Oc and passing through the centre 
of the face Obdc, The operation that brings the A molecule at 
dk) C, and then to G\ brings C' to A' and then to coincidence 
wth the A molecule at c. Thus the whole unit still has digonal 
symmetry. The figure is drawn for the case when the axis lies 
somewhere in the plane of the paper; the condition is not neces- 
sary, and therefore the position of the molecule at C or C", defined 
by the end of the arrow, may be anyw^here on a plane, perpendicular 
to the axis, passing through bd, or ef, or Oc. 

We should expect to find in the X-ray observations some evidence 
of the existence of these conditions regarding the relative positions 
of the different molecules in the crystal unit; and this turns out 
to be the case. It is to be remembered that the X-ray anatysis 
determines the distance between any plane and the nearest parallel 
plane which is identical with the former in regard to its relations 
to the crystal structure. If there are four molecules in the unit, 
all four are, in general, differently related to any plane in the 
crystal. We might imagine, for example, that we are considering 
the spacing between planes which are perpendicular to the plane of 
the paper and intersect it in lines parallel to PP (Pig. G). The four 
types of molecule will generally project on to the paper in different 
forms, in a manner roughly indicated by the varieties of the sizes 
and directions of the arrows A , B, €, D. The spacing is tlic distance 
from PP to QQ or QQ to RR, because the QQ plane is the nearest 
plane to PP wdiich is indistinguishable from PP. The magnitude 
of the spacing is not affected by the presence of B, G, and D. This 
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is the usual case ; and if we calculate the spacings of the various 
planes from the dimensions of the crystal unit, on the suppositioji 
that there is only one type of molecule A, one of them at each 
comer of the unit, we must observe values in agreement with those 

calculated. j * • 

But this is not always the case, and it is the- exceptions that 
arc important, Consider, for example, the (010) plane, whieli is 
perpendicular to the b axis, PQR (Fig. 7). We have seen that the 
plane of the digonal molecule C may exactly interleave the planes of 
the A molecules. So far as redexion by the (010) plane is concerned, 
the effect of the digonal molecules is exactly the same as that oi 
the originals. As shown in the diagram (Fig. 7), they are difteiejt 
to the eye hut the phases of the different parts of the molecules 


Fia. 0. 7- 



are the same, since they c.jn be measured from the projectiotis 
of the molecules on the" line PQR. The consequence is that the 
(010) spacing is exactly halved, as in naphthalene or benzoic acid. 
If the digonal molecuie lies, in the alternative case, in the saiuf 
plane as the original, the spacing is not altered, as in o;- or J-naphthol. 

Again, consider any of the series of planes passing through the 
b axis, nr, in other words, the planes of the (010) zone, hanngthe 
designation {m, 0, n). If we look along the axis, we cannot IcIJ 
the difference between a molecule and its reflexion across the plant 
of symmetry. Lot the figure (Fig. 8) represent a section of he 
unit perpendicular to the (6) axis, that is, to the axis of the crysta 
so that all lines through 0 are projections of the various planes 
'the (010) zone. The projection of the molecule •« ^ 

comer of the rhonihiis, or the iiiidille of an edge, o 
the face; this lieiiig the eon.seiinenee of the conditiim . 
If. for example, it is at the centre of the face as 
figure, the spacings of the planes Oc or Oa, that is, (100) 
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are halved, but not the spacing of (101), Og. It can be shown 
that in the general case the spacing of the plane [I, 0, n) is halved 
if / or w is even : but not if both arc odd. If B is at the middle 
of Oa, the spacings of the planes are halved unless I is even : and 
if it bisects Oc, unless n is even. 

In all these cases the spacings 
of half the planes are halved. 

If ^coincides with A as regards 
its projection on the plane of 
the paper, no spacing is halved. 

When there are four mole- 
cules, the same considerations 
hold, because we can divide the 
four into two pairs. We can 
say that A and B are the 
digonal of G and Z), so that it 
becomes important to find out 
whether the (010) spacing is 
halved; and also that A and C are the reflexion of B and D, so 
that we must find out whether spacings of half the plane.s in the 
010 zone are halved, and if so which half. 

We can now consider some examples. We may take benzoic 
acid first. 

Benzoic Acid — CgHg’C02H. 

Table II, 


Fia. 8. 



Zone ahoui 110 Axisr 



Intensity. S 

Ipacin 

Plane. 

Ist order. 

2nd order. 

obs. 

118 

170 





117 

33 

— 

2-30 

116 

20 


2-50 

115 

320 

— 

2-72 

114 

380 

— 

2-97 

113 

440 

80 

3-21 

112 

40 

— 

342 

111 

40 



3-03 

no 

70 

— 

3-74 


Table III. 


Zone about “ 

a ” y1.ris. 


010 

0 

60 5-lG 


on 

50 

30 4-99 


012 

80 

90 4-63 


013 

100 

— 4-19 


014 

360 

25 3-73 


015 

no 

— 3*32 


010 

120 

— 2-97 


017 

30 

— 2-67 


018 

80 

30 2-40 




Plano. Intensity, 

Spacing 

obs. 


111 

15 

3-74 


112 

15 

3‘63 


113 

? 

342 


114 

50 

3-21 


115 

35 

2-97 


116 

10? 

2-72 


117 

50 

2-50 


ns 

0 

2-30 

Table IV, 

Zone about ” b” A. 

vis. 

106 

30 

0 

2-88 

104 

90 

trace 

3- 65 

102 

160 

0 

4-65 

100 

200 

0 

545 

io5 

380 

120 

510 

104 

0 

0 

— 

106 

0 

0 

— 
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Rejiexioiis from Cledvag^ Plane (001), 
Table V. 

Spacing. 21*6, 


001 

0 

009 

0 

002 

280 

00(10) 

30 

003 

0 

00(11) 

0 

004 

220 

00(12) 

3(1 

our; 

0 

00(13) 

0 

000 

40 

00(14) 

— 

007 

0 

00(15) 

— 

008 

100 

00(16) 

Small 


In Table II are shown the results of the examination of a long 
series of pianos passing through the (110) zone; they neither 

contain nor are perpendicular 
to the axis of the crystal, The 
A ' /\ axis of the zone is ab in Pig. 9| 

^ and Fig, 10 shows some of the 
A/Ty planes of the zone, the axis 

HP- — f- ^ / being perpendicular to the 

SI j I I plane of the paper. We should 
/ ! ! I therefore expect to find the 

/ I r ! I observed spacings to agree with 
j w I the calculated ; there should he 

I I ^ I ‘ cases of halving. This is 

I / j I actually the case; the great 

I I majority of the planes give 

B easily readable reflexions, some 

yyiY j j/i I measurements of the spacings 

I / / / are correct to ^ or 1 per cent, 

I J. I We may say tliat the spacings 

/ (j I I are detennined by one set of 

I ^ I molecules alone ; if we put A 

I / / molecules at the corners of the 

I A A crystal unit, the positions of 

/ // / y the B, C, D molecules are 

I A immaterial so far as the actual 

^ values of the spacings are 

a, 0 concerned. 

■ o„.5.44;O^-=.M8;Oc.21.0; Table III contains the va!« 

3 = the planes belonging to t 

100 zone, one of «lucli is (010). This spacing is halved; 


lUU zuae, uuk; V* — - ^ ' , Qfrrngth of the 

over, tlie spacings of tlic planes show. , j have 

sccond-onlcr rcilexion, that? tl.o digonal molecules 
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actually halved (010) are tending to halve the (Oil) and (012) 
also. 

Tabic IV contains the values for the planes belonging to the 
010 zone. The planes 102, 104, 102, etc., alone show the proper 
spacings : the 101, 103 show no reflexion when sot to the X-rays 
as if they had the proper spacing. The scries of planes is shown 

Fig. 10. 


-^1 -^0 

no 115 114 113 112 111 no 111 11> 



Some of the planes belonging to the (110) zone; that is, to the series of 
planes passing through a and b in Fig. 9, The molecules represented by the 
empty circles differ from those represented by full circles with respect to 
this series of planes. Consequently, none of tho spacings are halved, even 
although there might be B molecules as shown in tho figure. In Fig. 9, 
the reflected molecule must lie on hk and Im and is placed, provisionally, 
at h, k, 1, m. The positions marked B in Fig. 10 are then chosen to correspond 
with the positions of the B molecules in Fig. 9. If in respect to the planes 
showm in Fig. 10 they W'ere exactly equivalent to the .4 molecules, half tho 
spacings would be halved. For instance, the two (111) planes, AAi and 
A'Aq^ have a B molecule half way between them: the two (112) planes, 
AA^ and A'A^, have not. 

in Fig. 11. Some of them show a reflexion for the half spacing; 
generally a weak one. We conclude that the molecule B, looked 
on as the reflexion of A, bisects the line Oc, This is also shown in 
Table V, by the observed values of the intensities of the various 
orders of reflexion of the 001 plane. All the odd orders are missing. 
The relative intensities of the fourth and especially the eighth 
orders may be taken to mean that the positions of the C and Z) 
molecules are approximately as show^n in Fig. 9. It is not con- 
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venient to follow up the structure further, the main point bejjjg 
already clear; but it may be observed that we can conclude the 
existence of double layers parallel to the 001 or cleavage plaj^g 
The members of the double layer present their carboxyl groups 
towards one another ; but the junction of layer to layer ig through* 
the hydrogen atoms. 

Let us take resorcinol as another example of a four-molecule 
unit. In this case there are two planes of symmetry at right 
angles to one another. We may readily show that in this case 
if the A molecule is put at the corner of the unit, a molecule, 


Fia. 11. 



Planes belonging to the (010) zone. In this case, half the spacing we 
actually halved, because in this zone the two sorts of molecules are iiidis. 
tinguiabahle, and they both lie on one half of tlio planes, and in respect to 
the other half they interleave each other. 


which is the reflexion of A across a plane parallel to the (100) 
plane, must lie on a line parallel to the axis of x and passing through 
the middle point of a face. Also, because its projection on the 
(lot)) plane is in(li.stinguishablc from the projection of the A mole- 
cule on the same plane, it follows on the same lines as before that 
there is a halving of the spacings of half the planes in the 100 im. 

■ The results of Table VI show that this is bo, and that the pro- 
jection of A, on the (100) plane is at the centre of the 100 f» 
So also the results show that the projection of A, on tne [ 
plane is at the centre of the 010 face. This follows from t to » ■ 
that in both the a and the i zones the only planes whic 
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j. 0 flexion at the calculated angles are those for which two of the 
indices are odd (see previous discussions of Fig. 8 ). 

Table VI. 

Resorcinol, CgH 4 (OH) 2 , 

Rhombic pyramidal : 4 molecules : a ~ 9*56,6 = 10*25, c ^ o-64. 
Observed. Calculated. 


001 

d = 2-84 

5-64 

031 

2-98 

2-98 

051 

1-05 

1-97 

010 

2-55 

10-25 

100 

2*40 

9*50 

501 

1-82 

1*82 

301 

2-78 

2-78 

101 

4-86 

4-87 — Strung 

103 

1-82 

1*85 

001 

2*84 

5-62 

100 

2-40 

9*56 

210 

4-35 

4-35 

no 

3-49 

7-07— Strong 

120 

4-62 

4-60— Very strong 

130 

1*67 

3*29 

140 

2*58 

2-53 

010 

2-55 

10'25 


If the projections of the four molecules (the fourth is denoted 

by Axy) on the 001 plane are approximately as shoA\Ti in the diagram 

(Fig. 12 ), we realise these conditions and possibly account for certain 

other striking features in the 

results, for example, that the (100) Fig. 12. 

and ( 010 ) spacings arc nearly ^ ^ 

quartered. The A and Ax^ mole- 

cules lie together in planes ; the \ 

Ax and Aj, molecules lie in planes \ 'x 
which exactly interleave the others. \ 

When the number of molecules \ \ 

in the unit is less than the symmetiy " s 

number, it is generally possible to ^ 

draw conclusions regarding the 
symmetry which the molecule pos- 

sesses according to Shearer’s rules. A ^ 

The naphthalene unit contains tw'o - 

molecules, and its symmetr}' 

number is four. Consequently, the naphthalene molecule has a 
symmetry number two; it possesses tw'ofold symmetry and no 
more. Although this statement applies to the crystal molecule only, 
and might be untrue of the chemical iholecule, yet, if so, there must 
VOL. cxxi, 5 B 
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be some character in the compound which disposes it to one 

or other of the two forms according to circumstances. 

We can draw also some conclusions regarding the nature of the 
symmetry of the crystal molecule of naphthalene from the X^ray 
observations. The molecule must have either a plane of symmetiy, 
a centre of symmetry, or a digonal axis. If it had the first, the 
second molecule must be the digonal of the first, in order that 
the crystal which acquires its plane of symmetry from the mole, 
cule may acquire its digonal symmetry from the crystal structure. 
In this case, the (010) plane must be halved ; but there is no reason, 
due to the same condition, why half the planes through the (010) 
zone should be halved. On the other hand, if the molecule hag 
digonal symmetry and the plane of symmetry is due to structure, 
half the planes of the (010) zone may be halved, but there is no 
reason for halving the (010) plane. 

Fig. 13(a). 



It is possible that the molecule has a centre of symmetry. In 
that case, the B molecule is both the reflexion and the digonal 
of A. This may be seen from the diagram. If the symmetry of 
the molecule is represented by Fig. 13 (a), the monoolinic prismatic 
symmetry of Fig. 13 {b) can be derived from that of (a), either 
by reflexion across the plane of the paper or by digonal rotation as 
indicated. It can then be shown that the planes perpendicular to 
the axis, which contain the centres of symmetry of B molecules, 
must contain A molecules also, or exactly interleave planes con- 
taining A molecules, and that, at the same time, the centre of 
gymmetry of the B molecule must lie on a line parallel to the axis 
and passing through the centre of one of the faces of the cryste 
unit. Consequently, we may find that the (010) spacing is halv 
and also the spacings of hall the planes in the (010) zone. 

' The experimental data are at present insufficient for a delate 
decision. The measurements on naphthalene were made some W 
ago and are in need of repetition and additions if they sw tow 
uLd to settle the symmetry of the molecule. So ^ 

they seem to indicate that the twofold symmetry which the rys 
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molecule posaesaes is due to the existence of a centre of symmetry.* 
Probably the same may be said of anthracene, although the available 
measurements are much less numerous than in the case of naph- 
thalene. 

The case of benzene is of great interest. The symmetry number 
of the crystal is eight, because it belongs to the rhombic bipyra- 
midal class, the last of the eight classes described above. There 
are only two molecules in the unit. Each molecule has, therefore, 
a fourfold symmetry of its own. It has not got a trigonal axis ; 
still less a hexagonal axis. The conventional method of repre- 
senting the molecule as a hexagon cannot be taken as a true descrip- 
tion of the molecule in the crystal. 


Fio. U (a). Fia. 14 (6). 




Fig. 14(c). 


Diagrammatic forms of (a) benzene, (b) naphthalene, (c) anthracene, which, 
respectively, have the symmetries of tho crystal molecules, and at the same 
time show bonds inclined to one another at the tetrahedral angle. The 
figures are drawn as they would be seen in perspective. The sides of each 
hexagon are all e(}ual, but do not lie in one plane. The angle between any 
pair of adjacent sides is the tetrahedral angle, 109° 24^ These figures are 
intended only to show a solution which would be in agreement with the 
X-rsy analysis so far as it has gone. 

There are not enough experiments to decide the exact sy mm etry 
of the crystal molecule of benzene itself ; it might be described as 
the s3Tnmetry of any one of classes 5, 6, or 7 (Fig. 2). In the 
paper on Organic Crystals ” to which reference has been made, 
it was assumed provisionally that the ring in the ciystal would be 
exactly of the form in which sixfold arrangements of carbon atoms 
appear in the diamond. A slight modification is shown in Fig. 14 
(o), which would not really affect any of the work previously 
described, and which maintains the tetrahedral orientation of 
bonds. It has the right amount of symmetry for the crystal 
uiolecule of benzene. A combination of two such rings (Fig. 14 6) 
has a centre of symmetry only, which, as we have said, is probably 

* Note added later. — This is confirmed by further experiment. 

6b2 
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the full extent of the symmetry of the crystal molecule of naol} 
thalene. If a third ring of the diamond form is inserted between 
the latter two, we have an arrangement of three {Fig. 14 
sessing, probably, the symmetry of anthracene. These last con 
siderations are speculative, and are intended merely to show 
what directions we must look for results. The q^uestions may 
definitely answered by further experiment. 

We may take tartaric acid as an example of a crystal of two 
fold symmetry. The structure has recently been determined by 

Fig. 15. 

ACID.^ 





I. Crystal unit of tartaric acid and arrangement of molecules. 

II. (o) and (6). Knantiomorphous forms each showing the arrangement 
of two molecules along the axis of n, and the projection of the carbon core 
of the molecule on a plane perpendicular to the a axis. 

III. Section of the unit perpendicular to the a axis showing the relative 
arrangement of the molecule (at each comer) and its digonal (at the centre). 

Mr. Astbury.* The unit contains two molecules, and each must 
therefore lie asymmetric. The molecule could not in any uase 
have a plane of symmetry, because its optical activity implies the 
existence of something of a spiral nature in the structure of the 
crystal ; and a right-handed spiral becomes a left-handed spiral 
by reflexion. An active crystal cannot contain equal amounts of 
opposite spiralities. The crystal cannot possess a plane of symmetry 
for the same reason that the molecule cannot. Of the two mole- 
cules, one must be the digonal of the other, and it is found that 
the (010) spacing is halved. The structure is illustrated in big. 1^ 
It shows, perhaps unexpectedly, two spirals. One of them ib 

♦ Paper read before the RojW Society on December 7tli, 19--2‘ 


^ S' 
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right-handed, one left, but they are not the mirror images of one 
another, occurring as they do in different parts of the crystal 
structure. The screw which is found in the carbon atoms at the 
centre of the molecule is in all probability permanent, and is 
the cause of the activity of tartaric acid in solution. The other 
screw is found in the hydroxyl groups, and may be expected to 
appear in the crystal only, where it compensates the first screw 
structurally. When the crystalline bonds are dissolved, the second 
screw disappears. Its effect on light is opposite to that of the first, 
and we must assume is greater; so that tartaric acid may revolve 
the plane of polarisation in one direction as a crystal and in the 
other direction when in solution. 


Fig. 16. Fig. 17. 



Fig. 16. Arrangement of atoms in AljOg molecule. 

Fig. 17. Section through centre of AljOg molecule, perpendicular to the 
axis : slAwing, diagrammatically, a possible arrangement of the electrons in 
the oxygen atoms, which gives the proper symmetry to the molecule. 

The quartz crystal has sixfold symmetry, and the unit contains 
three molecules. These are arranged spirally (“X-Rays and 
Crystal Structure,” p. 165) so that the trigonal symmetry is due 
to the structural arrangement. According to Shearer’s rule, each 
crystal molecule has, therefore, a twofold symmetry and no more. 
The crystal has digonal axes, and it follows that each molecule 
has digonal symmetry. 

Corundum (ruby or sapphire) has twelvefold symmetry. There 
are two molecules in the unit, which has not quite the form defined 
by the crystallographer’s ratio a : c = 1 : 1*365. It is necessary 
to double the c axis, making the ratio 1 ; 2*73. The umt then 
contains two molecules. According to Shearer’s rule, the mole- 
cule has, therefore, sixfold symmetry. The ruby structure has 
been solved, and it is found that tfie molecule AlgOj is built into 
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the atmcture in the form shown hy the figure (Fig, 16 ). 
trigonal symmetry is obvious; but the nature of the twofold 
symmetry which must also be there is not so clearly shown by the 
form of the moleciUe. The question is answered by considering 
tbe position of the molecule in the crystal. It then appears that 
the molecule has no plane of symmetry (see “ Z-Eays and Crystal 
Structure,” new edition, in the press) ; it possesses a digonal axis, 
namely, aa in the figure. In this case, then, the molecule con. 
tributes the trigonal and digonal axes, and the planes of symmetry 
are due to the structure. It may be well to point out that a trigonal 
axis with one plane of symmetry through it gives sixfold symmetry; 
and although there are necessarily three such planes of symmetry 
if there is one, the symmetry number is not raised in consequence. 

It is not really surprising that the Al^Os molecule has no plane 
of symmetry. Possibly the six electrons in the outer oxygen shell 
are so arranged as to give the atom the symmetry which is lepre. 
sented in the usual way by the dots and small circles of Pig, 17 ; 
the molecule then has a eligonal axis but no planes of symmetry. 
The preceding examples will serve to illustrate the nature of 
the relations between the crystal unit and the crystal molecule. 
There still remains the relation between the crystal molecule and 
the chemical molecule. So far, experiment shows that there is 
often a very close resemblance, but further experience is required 
to show how close it is. Further experience is also required before 
we can answer the very important question, To what extent can 
the properties of the one be deduced from the properties of the 
other ? A very wide field of research is opening out; there is no 
need to attempt too much in the way of deduction and generalisation 
until it has been more fully explored. * 

In conclusion, may we make a request ? It is often diW ‘o 
obtain crystals suitable for examination. Crystals can be hanffltd 
in the form of fine powder, and sometimes no other course is posable 

But the method of the ionisation spectrometer is more convemen 

and exact. The combination of the two methods is he tet ol 
aU. For use with the spectrometer, the crystal should g 
few mUligrams at least, and should be of uniform com^ibta 
although it need not show any definite form. \ery arg 
of crystals which would repay analysis are desenbe 
crySllography. Very few are easily obtainable ; mamy^ - 
'supposes, Iiecause their usefulness was imagined * ^ 

when the outer form had been described. It 
which would be of great use are to be found m 
here and there, in museums or laboratories or wor . 
derivatives of benzene and ndphthalene are examples. 
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an isolated crystal of good structure forma accidentally. The 
crystal of benzoic acid the measurements of which have been 
described was found by Dr. Brady in a bottle of benzaldehyde 
which had been standing undisturbed for more than a year, and 
many other specimens have been given us in the same kind way 
We should be grateful for the loan or gift of still more specimens 
of this nature. 


CCCXXXIII.*“rAe Purification of Methyl Alcohol by 
means of Sodium Hypochlorite. 

By Robert Charles Menzies. 

By the established technical methods, there is no difficulty in 
obtaining from crude wood spirit methyl alcohol containing only 
2 pey cent, of acetone ; but this is sufficient to render the alcohol 
useless for many purposes. Complete separation by fractionation 
is slow and expensive. 

The reaction between hypochlorites and acetone according 
to the equation CH^-CO'CHg + 3MOC1 — CHCI 3 + CHg-COgM *j- 
2M0H has been used for the removal of acetone from methyl 
alcohol, but working instructions have not been given. By the 
method described below, pure methyl alcohol can be obtained from 
mixtures containing up to 12 per cent, of acetone, and it is now 
established as a routine process in this laboratory. 

Preliminary experiments showed that sodium hypochlorite 
attacks acetone preferentially to methyl alcohol ; the action begins 
in the cold, taking place almost instantaneously with evolution of 
much hpat. There is also above 50° a vigorous action between 
methyl alcohol and sodium hypochlorite, which, however, occurs 
at the ordinary temperature only to a limited extent. The con- 
ditions determining the latter action are quite definite and can be 
easily avoided. 

Preliminary Experiments. 

In the following experiments 50 c.c. of a strongly alkaline hypo- 
chlorite solution containing 159 grams of available chlorine per 
litre were mixed with 25 c.c. of water and 5 c.c. of the alcohol; 
the constituents were mixed in a vacuum flask, and temperature- 
time curves plotted. 

Curve I for pure methyl alcohol ( 99*8 per cent.), free from acetone, 
shows at 15° a rise of about 2-5° in the first two minutes, followed 
% a slow rise to 21 * 5 ° after three and a half hours (only partly 
shown). After heating to 45 °, there was a further rise of 4° in 
twenty-five minutes. After heating to 60°, a vigorous reaction 
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set in and the curve slopes steeply upwards ; the rise in temperature 
was arrested at 98*5^, when gentle boiling commenoed. 

Since sodium hypochlorite changes exothermically into a mixture 
of chlorate and chloride, the question arose whether the slope of 
the curve obtained on adding alcohol to sodium hypochlorite was 
in any way due to this self -oxidation and reduction of the 
chlorite. In experiment No. U, the mixture of W'ater and hypo, 
chlorite was therefore first heated to 68^ without addition of alcohol- 
the mixture at once began to cool, the temperature failing 10“ ia 
ten minutes. Five c.c. of methyl alcohol were then added. After 



a preliminary' cooling of I", owing to the alcohol having been added 
cold, the temperature rose rapidly as shown in Is. This curve is 
similar to, but steeper in slope than curve I, probably because tk 
reaction had been partly completed at low-er temperatures in the 
earlier experiment. 

Curves IIa and IIb differ from I a and Ib only in that a fraction 
of alcohol w'as used which boiled 0*2* lower ; both samples were 

free from acetone. ,, 

Curve III was for a commercial “ pure methyl alcohol con- 
taining 0-5 per cent, of acetone. The initial rise from 13 o 
is as in curve I; the behaviour of the mixture after heating 
55*^ is practically identical with that of Ib. 
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These experiiHC^^ show that the slope of the curve for the 
ourer samples of methyl alcohol is characteristic. Curve IV, for 
a “ methylio alcohol ” containing 11-6 per cent, (or a total of 0*58 
gram) of acetone, shows at 17® a rise of 15-5® within two minutes 
and a further rise of 2*5® in the next four minutes. The mixture 
was then heated to 55®, when it gave a curve which differed from 
curves I to III as follows . 

(i) The slope of the curve from 60® to 70® was much smaller, 
probably owing to the distillation of chloroform formed at the 
commencement of the action. 

(ii) The temperature of the mixture never reached 100®, as 
about 25 per cent, of the hypochlorite taken had already been 
destroyed by the acetone. 

In a duplicate experiment, No. V (not plotted), the hypochlorite 
solution was mixed with water containing 0-58 gram of acetone, 
the heat capacity of the mixture being also the same as in curve 
IV. The temperature rose at once from 18® to 31 '5®, or 2® less than 
in the previous case. This agrees with the facts that the mixture 
of methyl alcohol and water is exothermic (Bose, Z. pkysikal 
Chem., 1907, 58, 597) and that in experiments I and III an initial 
rise of 2® was observed. The mixture No. V showed no further 
rise when heated to 54®, but cooled slowly. 

These experiments prove that whilst acetone is attacked instantly 
by sodium hypochlorite in the cold, methyl alcohol is only slowly 
attacked unless the temperature is raised above 50®. 

Ethyl alcohol and fermentation butyl alcohols are also attacked 
vigorously by sodium hypochlorite at higher temperatures. In 
the latter case the mixture must be heated almost to boiling, and, 
as butyl alcohol is not readily soluble in water, it is necessary to 
stir; but the mixture continues to boil vigorously for some time 
after removal of the external source of heat. 

Formic acid was detected after reaction between methyl alcohol 
and sodium hypochlorite. Acetic acid w’^as not tested for in the 
ethyl alcohol reaction mixture, but on acidifying the butyl alcohol 
mixture, the smell of butyric acid was at once apparent. 

Methods of Analysis. 

Acetone was estimated throughout by Messenger s method 
[Ber., 1888, 21, 3368). No process of purification of methyl alcohol, 
gave a zero figure by this test ; the low’est was 0*03 per cent., 
but the sample was probably free from acetone, as it gave no sme 
of iodoform. Artificial solutions containing 0*014 per cent, o 
acetone gave a cloudiness due to iodoform and the characteristic 

smell of this compound. The purest samples of methyl a co o , 
^ 6 b* 
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thorefore, probably contained some substance (or substances) 
other than acetone which destroys a small amount of sodium hypo- 
iodite, including perhaps methyl alcohol itself, in view of its action 
on the hypochlorite. Gibbs [Philippine J . Sci.t 1912, 7, 57] 
shown further that methyl alcohol exposed to the joint action of air 
and sunlight contains formaldehyde. The first runnings from a 
sample of methyl alcohol where sodium hypochlorite solution had 
been poured down the fractionating column before beginning the 
distillation, showed in the first 60 c.c. an apparent acetone content 
of 0-39 per cent., whilst the next 1350 c.c. showed only 0*077 per cent. ; 
in neither case was any iodoform observed during the analysis. 
Total chlorine was estimated by boiling samples with sodium 
dissolved in ethyl alcohol for about two hours, the chlorine formed 
being estimated volumetrically. Useful comparative results Were 
obtained, but quantitative accuracy in estimating very small 
percentages of chlorine is not to be expected. A solution of chloro- 
form in ethyl alcohol made up to contain. 0*14 per cent, of chlorine 
showed by this method O'll per cent. 


Details of Purification. 

Experiment VI . — The crude methyl alcohol used contained 
12*08 per cent, (w/v) of acetone ; esters (expressed as methyl acetate) 
6*7 per cent.; 0*8292. These figures indicate an approximate 
methyl alcohol content of 600 grams per litre. 

The sodium hypochlorite was made up by dissolving 1 kilogram 
of powdered caustic soda in 4 litres of water and passing in 680 
grams of chlorine, being 77 per cent, of the theory. This solution 
was found to contain 144*7 grams of available chlorine per litre. ^ 
Quantitative reaction according to the equation given (p. 2787) 
requires that 25*34 c.c. of the above solution should remove 1 gram 
of acetone. 2800 C.c. of the hypochlorite solution (= 110*4 ^ams 
of acetone) were now added to 1 litre of the alcohol, containing 
120*8 grams of acetone mixed with 2 litres of water. One hundred 
and three c.c. of chloroform separated, the volume of the brown 
supernatant liquor being 5700 c.c. The chloroform layer 
tained 3*5 per cent, of acetone, or 3*6 grams in all, w 
supernatant liquor contained 0*1015 per cent., or 5*77 
Th^ls, of the 120*8 grams of acetone originally present, liu* + 
5*77 = 119*77 grams have been accounted for. This prove 
that the reaction between sodium hypochlorite and acetone pro- 
ce^ to completion before that with methyl alco o . 

The residual acetone in the brown liquor was removed by ^ ^ 
of the hypochlorite solution (equivalent to 8*9 grams ® 
the addition of which in excess of that sufficient ® ^ ^ 

la^ trace of acetone was attended by discharge of the 
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This aqueous solution of methyl alcohol was now distilled from 
a metal still through a Raschig column four feet high. 

The fractions obtained are tabulated as follows (Table I). 


Table I. 


No. 

Temp. 

Volume 

Weight 

Density. 

Acetone 

equivalent 

Total 

chlorine 

in c.c. 

in grams. 

per cent. 

per cent. 

1 

64—67° 

50 

45-9 

0-918 

0-17 

0-13 

2 

67—77 

76 

02-8 

0-837 

O-Il 

0-01 

3 

77—78 

100 

85-1 

0-851 

0-085 

0-005 

4 

78-80-4 

200 

172-1 

0-8605 

0-063 

0-0007 

5 

80-4—92 

200 

175 

0-87.5 

0*05.5 

0-0002 

6 

92—98 

500 

480-1 

0-9G0 

0-015 

not 

7 

98—100 

500 

494-7 

0-989 

0-008 

taken 


In the analysis of fraction 1, a cloudiness due to iodoform was 
noticed ; this cloudiness grew fainter with each successive fraction 
and was just perceptible in the case of No. 4. 

After refractionation of Nos. 6 and 7 up to 98^ all the fractions 
were mixed, and the alcohol was dried by distillation after 
the addition of a little sulphuric acid and then over sodium, the 
fractions finally obtained being as follows ; 

Table IL 

Acetone Total 

Weight equivalent chlorine 

No. Temp. in grams. Density. per cent. per cent. 

1 63—65'’ 39-9 0-798 0-04 0-003 

2 65*6— 66-4 376-1 0-8008 0-063 0-0036 

3 66—70 41-9 0-81 0-15 — 

From Landolt’s tables : 

Fj contains 99-26 per cent, of methyl alcohol or 39*7 grams. 

98-3 „ „ „ 368-6 „ 

^3 » 95 M „ 39-8 „ 

Total 448-1 „ 

As 600 grams of methyl alcohol were present in the litre of crude 
methyl alcohol, this is a yield of 74-7 per cent. 

Experiment VII . — In another experiment, 500 c.c. of a sample 
of commercial methyl alcohol, containing 7-9 grams of acetone per 
100 c.c, and 79 per cent, by weight of methyl alcohol, were treated 
with sodium hypochlorite, the distillate was dried over quicklime, 
and the following fractions were obtained : 

Total 
chlorine 
per cent. 
0-0114 
0-0086 


Table III. 

^ ■ Weight Density Acetone 

Temp. in grams. 0‘’/0°. per cent. 

1 66-5—69° 203 0-82235 0-116 

2 69—72 57 0-824 (15-5°) 0-2 

From Landolt’s tables : 

F| contains 96-6 per cent, of methyl alcohol or 194 grams. 
** 90 „ ,, . „ 51 „ 


Total 254 


5b*2 
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This is a recovery of 74*9 per cent, of the methyl alcohol origin, 
ally present. 

Table IV indicates that subsequent treatment with drying agents 
alone is required to obtain a very pufe product. 


Table IV. 

** Acetone B.p. corr. to Deiiaity 
per cent. 7(j0 mm. O^/O®. tables 

I. Purified over (1) sul- O-Oo 64-5— 64-7® 0-811076 99.67 

phuric acid, {2 and 3) 

sodium. 

II. (1) sodium and iodine, 0-064 64 fi— 64-9 0'811043 99 68 

( 2 ) sulphuric acid. 

III. I and II mixed. Re- 0-086 64-5—64-7 0-810771 99-78 

distilled over sodium and 

bone charcoal. Middle No iodoform formed during these 

fraction only. analyses. 


Sidney Young gives 64-7® as the boiling point of pure methyl 
alcohol at 760 mm. (T., 1902, 81, 719). 


Heat Effect of the Reaction. 

To give an indication of the concentrations of acetone and of 
sodium hypochlorite wliich could conveniently be used in technical 
application of this process, the temperature changes obsen^ed in 
the course of experiment VI are now recorded. As stated, 2800 c.c. 
of sodium hypochlorite solution containing 1447 per cent, of 
available chlorine were added to one litre of crude alcohol (12-08 
per cent.), mixed with two litres of water, the mixture thus con- 
taining 4-03 per cent, of acetone. Addition of the first 1000 c.c. 
of hypochlorite was followed by a rise in temperature of 24°; after 
cooling, addition of the next 1000 c.c. was followed by a rise of 
18^ whilst the final 800 c.c. caused a rise of 10-5°. The total 


rise in temperature was thus 52*5°. This is too great for a large* 
scale process, as, the concentrations indicated being used, too rapd 
addition of the sodium hj-pochlorite causes the chloroform formrt 
to boil vigorously. The acetone content of wood spirit to be 
treated in large-scale work ought not to exceed 2*5 to 3 ^ cen ., 
a concentration, as already stated, easily obtained by t ^ ^ 
existing technical methods. In experiment VII, the aco 0 
diluted with water to an acetone content of 2 per cent. e s 
hypochlorite was added at one time, and the resulting temper 

was not inconveniently high. , , l. 

The sodium hypochlorite should be added to the alcohol 


purified and not vice versa. 
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Summary. 

In the above, a method of removing acetone from crude methyl 
alcohol by means of sodium hypochlorite has been described. It 
has been shown that as a laboratory method it is satisfactory, 
methyl alcohol of a high degree of purity being obtained readily 
and in good yield. 

Since sodium hypochlorite is a liquid and does not attack iron, 
the method ought to be capable of technical application, and to 
possess advantages over those making use of calcium hypochlorite 
and of free chlorine. 

The author wishes to thank Mr. J. W. Arinit, B.Sc., for invaluable 
assistance and to expres.s acknowledgment to the Carnegie Trust 
for a Fellowship, during the tenure of which thi.s work was can-led 
out. 
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CCCXXXIV . — The Additive Formation of Four-mem- 
bered Rings. Part 1. The Sxjnthesis and Division * 
of Derivatives from 1 : ^-Dimethindiazidine. 

By Cheistophrb Kelk Ingold and Henry Alfred Piggott. 

Additive reactions, considered from the point of view of their 
mechanism, fall into two main groups, which may be symbolised 
thus : 

A*B + C*D — > C*A*B*D (additive chain formation) 

A*B CID — ^ ^ ^ (additive ring formation). 

* The word “ division ” is used because it is essential to have some word 
that distinguishes between the cutting of a ring asunder (that is, cutting at two 
points) and the mere cutting of a ring (at one point), for which process the 
words "fission ” and “ scission ” are in common use. It is obvious that there 
is a basic difference between the phenomena, which becomes even more dearly 
evident if the reverse processes are considered ; for in this paper it is shown 
that the " synthesis ’’ of a four-merabered ring by the placing together of two 
double bonds often proceeds spontaneously at the ordinary temperature, whilst 
it is recognised that the " dosure ** of a four-merabered ring from a single open- 
chain molecule is, in general, one of the most difficult operations in ring 
formation (T., 1921, 119, 951). 

The opposite of " division ” (parting asunder) is “ synthesis ” (placing 
together), and tho authors hold the opinion that these terms should be 
carefully preserved from such as " scission ” and " closure ” in all discussions 
on ring formation. * 
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nomDarativelv 'ittle attention has hitherto been ducted to the 
these types, the main examples of which have usually 
Men within one of the two Mowing special cas^-{«) W 
ation that is, the special case in which A.B and C.D are identical, 
a! for example, the conversion of cinnamic acid into tmxilhc acid : 


2CHPh:CH-C0jH 


CH(C0jH)-9HPh 

kPh- CH'COjH 


and (6) reactions of the ketens, for instance the fomatbn 

of triphenylcyclobutanone (Staudinger and Suter. Ber., 920, 53, 

1092) : 


CPh^lCO + CHPhlCHa — 

The general type of change to which these iMtances belong is 
clearly the inSrmolecular analogue of the mtramotocular four- 
Imbered ring transformations by means of wtoch the properties 
of aromatic and allied heterocyclic compounds have recently been 
interpreted (this vol., p. 1133) : 

K— A=B E— A— B 


;h. 


f-c=d 


^ (aromatic or heterocychc) 


E' 






^ (homo- or hetero-cycUc) 


and therefore it would appear of first importan^ for the farther 
Idv 0 aromatic structure to endeavour to carry tlie mtermota ar 
Stoay 01 *ruu .nw'ialised fields within which it ha.s 

phenomenon ° if possible, that it has a 

.1 *1. ”■'“‘1 “E. ".g i~* 

with the general equation for aaanive r g 
given, from ’the interaction of two aiomethines , 


x-ch:n-y + X'-ch;n*y' 


X-CH-N-Y 
Y'-N— CH'X' 


It b. .t 0- S 

paper clearly demonstrate the occurrence of this react, 
are mainly concerned with ite more cxac ^ ^ * . ^^nuations 

If it is indeed true that the X 

previoudy examined are to be traced . ^ mRinhered ring*. 
Sn7*owards the additiVe formation of four-membered 
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which operates whether the participating double bonds are in the 
same dr in different molecules, then it follows inevitably that the 
intermdleoular reactions now under consideration must be rever^ 
sible.* Experiment shows that this is the case ; but in order to 
render intelligible the results described in this paper, it is necessary 
to examine the nature of the evidence in some detail* 

First, there is indisputeble evidence of reversibility in each of 
the two special fields within which additive r ing formation has 
hitherto been studied. Thus, as regards dimerisation, the reaction 
by which truxillic acid is formed is reversed at higher temperatures 
(Riiber, Ber., 1902, 35, 2908), whilst in the heterocyclic series a good 
example is provided by the dimerisation of nitroso-compounds, 
which, in numerous cases, reach measurable equilibria at the 
ordinary temperature ; 

2R'N:0 ^ 

Amongst the ketens, there is, for instance, the observation {loc. 
ciL) that triphenylcyc/obutanone is resolved into its factors at 200®, 
and, in the heterocyclic series, an example of reversibility is afforded 
by the reaction investigated by Staudinger and Goller (Ber 1911 
44 , 532 ): 

CPha;CO + CPh.iNPh — 

CPh^-NPh 

Thus the most cursory examination of the literature reveals unmis- 
takable indications of a uniformity between the reactions under 
discussion and the intra-annular and benzenoid transformations 
the basis of ■which we u ish to find in intermolecular phenomena. 

We may now adopt the following fundamental hypothesis, the 
consequences of w'hich will be found to agree in a very satisfactory 
way with all the observations which have hitherto been made to 
test it : In double-bondcd compounds there exists a general tendency 
Unmrds the establishment, in the liquid state or in solution, of an 
equilibrium with the dimeric form : 


In certain cases the equilibrium might be very one-sided (as with 
carbonyl and azo-compounds, the inolecuilar weights of which in 
solution are almost invariably normal), or it might be very slowly 
attained (as with most ethylcnic compounds at the ordinary tem- 
perature); but in other cases, for instance, many azomethines, 

* The BJ^ument is analogous to that whidi was recently used (this vol., 
p. 1766), when it was shown that the basia of three-rarbon tautomerisni is to 
be found in the reversibility of Michaori reaction. 
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nitroso-oompounds, and ketens, there is much evidence Aat no 
such extreme conditions prevail, and that the above eqmhhnum 
may become of a measurable order, and may be rapidly estabhshed. 

men solutions containing two such equilibrated s^tema are 
mixed, new equihbria, corresponding with limited additive ring 
formation between two unlike molecules, will, in general, be estab- 
lished. Since the cycloid so obtained can, with equal a prim 
nrobability, undergo division in either of two directions, the new 
Llanced system will be a two-fold one, four products being in 
equiUbrium with the ring compound . 


a:b + c:d 


A-B 

C-D 


a:c + b:d 


unless the insolubility, infusibility, or volatility of one of the 
substances, or some property inherent in the cyclic additive 
product, definitely determines the course of the change. 

In a completely equilibrated solution, in addition to the above 
two-fold equilibrium, there will be four simple equilibria between 
each of the four double-bonded substances and its dimende. As 
a consequence of the hypothesis, three types of result are to be 
expected on studying a sufficient number of instances. Cm 1.- 
If fte proportion of cycUo substances at equilibrium is relatively 
small so that the isolable forms of the reacting substances are the 
monomeric forms, and if, also, equilibration 
the factors (AIB + C'D), or the products (A.C + B.D), or the 

intermediate cycloid (-t"®), or a mixture of all five might be 

obtained on evaporation after a period of time. Oise ^ 

proTrtion of cyclic substances is small at equilffirium. and if 
Sbration is rapid, then, on evaporation one should obtein 
^irture either of tee factom or of the products, accorffing to 
Ta^r in which the equilibrium is shifted during evaporation by tb 

would be the same as in cases (1) and (-), «ccpung vu 

equilibration, the intermediate cycloid ^ 

be obtained as sole product if it were the first to 

In many of the examples studied, equilibration took p ^ P J 
A. oi^nary temperature; in some 
Blowly in almost all cases the results proved that the fom« 

7 c/clic substances in the equilibrated solemn w^ teUhve^ 
smai so that the isolation of the intermediate diazidm 
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possible only in those instances in which the two successive changes 
(particularly the second one) proceeded at a small velocity. Of 
the fifteen instances which have been studied, details of which are 
given in the experimental portion, five were slow reactions falling 
^thin case (1), two were moderately slow reactions which are a 
little difficult to. classify, and eight were rapid reactions falling 
under case (2). No instance belonging to case (3) has yet been 
met with in the 1 : 3-dimethindiazidine series. Thus four types 
of experiment have been carried out in order to test the consequence 
of the postulate on p. 2795 : (A) Experiments (on slow reactions 
belonging to case 1) leading to the isolation of the intermediate 
diazidine by manipulation of the solution while still out of equi- 
librium, and to the division of the pure cycloid into its products 
(three experiments). (B) Experiments (also on slow reactions 
belonging to case 1) leading to the proof that an equilibrium exists 
between the factors, the cycloid, and the products, and that the 
same equilibrium can be approached from either side (two experi- 
ments). (C) Experiments (on moderately fast, or fast reactions 
belonging to case 2) leading to the isolation of the two products 
of division of the cycloid (ten experiments). (D) Experiments (on 
rapid reactions belonging to case 2) leading to the isolation of the 
factors in the presence or absence of excess of one of them (three 
experiments). 

These experiments confirm in a remarkable way the conse- 
quences, as regards ring formation from azomcthines, of the 
hypothesis introduced on p. 2795. Work has now been com- 
menced with the view of examining its apphcation to the inter- 
actions of compounds containing various types of double bond 
(C.C, C.N, C.O, C.b, N.N, and N.O) with themselves and with one 
another, and enough has already been done to show that the 
additive formation of four- mem be red rings in the sense of the 
equations given is a proces.s of great generality, and that in all 
probability we are here dealing with a simplified form of one of the 
chief types of change w^hich take place within the nuclei of aromatic 
and heterocyclic substances. 


E X P E R I M K X T A L. 


{\) Additive Reactions heiiccen Azonietkines Leading to 1 : 3-Z>i- 
metkmdiazidincs and the Division of these, yielding Azomethines. 


(I) TheReaciionip) OH-CeH^-CH:XPh -f CHPhIN'CfiH.Brfp) 

(P) OH-C.HA‘CH*NPh 6 4 

OH-C,H,.CH:X.CABr (p) + 

CHPh.NPh.— p-Hydroxybenzylideneaniline was mixed with about 
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half the quantity of hot alcohol required to dmolve it, and an 
equivalent of benzylidene-y-bromoaniline added. The hydroxy. base 
at once dissolved and the solution was immediately cooled and 

evaporated in a vacuum at a low temperature. 

3.-p.Br<mophenyl.2.v-hjdroxyphmyl-l : i-dtphenyl-\ a-ditMhndi. 
oridine.— This substance separated from the solution m pale ^en, 
elistening leaflets, and was recrystalhscd from cold alcohol in the 
Lme way. It melted at 16.7-167“, but on keepmg for a short 
time in the fused condition was transformed into the azomefhinea 

mentioned below (Found : C = 68 0; H = 4^; i = 

17-85. CajHjiONjBr requires C = G8-2; H-4-6; N-6|; 

Br = 17-5 per cent.). , . t j l 

Division of the Diazidine into p.Hydroxybenzyltdene-p-bromoamhnt 

and BetizylideneaniUne.-Tbis reaction takes place when the ring, 
compound is either fused for a short time or heated m alcohol, 
The mixture obtained by either method may easily be separated 
into its constituents by means of benzene, in which the hydroxy, 
bromo-derivativo is insoluble. The latter was identified by analysis 
(Found • N = 5-2 per cent.) and by direct comparison, and hy 
the melting point of its mixture, with the substance described 
below. The benzylideneaniline was also identified by similar 

means (Found: N = 81 percent). 

Ti.Hydroxybenzylidene.p-bromoaniline.-T:hiB substance is formed 

Witt evolution of heat when y-hydroxybenzaldehyde and p.bromo. 
aniline are ground together, but it is best prepared by adding one 
ea\iivalent of y-bromoanilinc to a boiling saturated solution of 
mhvdroxybenzaldehyde in ethyl alcohol. The precipitate, which 
rapidly separates from the hot solution, is collected after cookj 
and crystallised from ethyl '‘cetete from whic^ the p^te 
separates in small, pale yellow needles (1 ound : C - o6 8 , H _ 38 
Br = 28-7. CijHioONBr requires C = 56-j ; H - •) 1 , Br - .90 
per cent.). It is almost insoluble in benzene or ligrom, but easily 

soluble in alcohol or ethyl acetete. n u vn w 

(II) The Reaction {p) OH-CgHj-CHlNPh + CHPh.N-C8H4-h0j(i») 
_ (m) NO/C,H,-N— C HPh (p)OH-C,H 4 -CH;N-C,H 4 -XOj(m)+ 
— f ^ OH‘C H *CH*NPh 

CHPKNPh.-Equivalent quantities of 

andbenzylidencm.nitroanilinc were mixed m cold ethyl bemo te 
solution, and the orange-brown needles wWch separated on seeding 
were collected from time to time, until examination by 
indicated the deposition of a second substance. 

3 .va.mrophenyl. 2 -v-hydroxyphenyU : ,;. 

agidiiu , — This substance separated from cold e y 
felted, orange needles, m. p..l78“ with previous sintenng 


lens 
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C = 73-5 ; H = 6'2. CjjHjiOjNa requires C = 73 8 ; H = 5-0 per 
cent.)* 

Division of the Dmzidine into vHydroxybenzylidene.m.nitroaniline 
and Ben^yhdeneanUine. — This was done by the two methods used 
in the preceding case. The hydroxynitro-base was identified with 
the substance described below by analysis (Found : N = 12-0 
per cent.), by direct comparison, and by the melting point of the 
mixture. The benzylideneaniline was identified a.s before (Found; 

= 8'0 per cent,). 

^^Hydroxybenzylidme-m^nitroanilhie, jp-Hydroxybenzaldehyde 
and m^nitroaniline condense Avhcii boiled together in alcoholic 
solution for twenty-four hours. The product crystallises from 
alcohol in short, stout needles, m. p. 190—191® (Found : C = 63'7 ' 
H = 4-3; N = 11*7. Cj^HjoOgNg rcquir&s C = 644; H = 4*2 ; 
N— 11'3 per cent.). It is almost insoluble in benzene or ligroin, 
but easily soluble in alcohol or ethyl acetate. 

(III) The Reaction vdth p-nitrobcnzylidencaniline and benzyl- 
idene-o-nitroaniline was carried out like the preceding one, and the 
cycloid isolated in the same way, excepting that benzene was used 
in place of ethyl benzoate. 

3.o-iVi/r^ft€7i7/?-2-p.ni^ropAe^^y/-l : i^dipJienyl-l ; Mimeihindiaz- 
idine.— This substance cry.stallise3 from benzene in fine, buff -coloured 
needles, m. p. 163 — 165° (Found : C = G8'7 ; H = 4*6. C -H 0 N 
requires C — 69*0; H — 4*4 per cent.). ^ ao 4 4 

Division of the Diazidine into li^Xitrobenzylidene-o^iiitroaniline and 
Benzylideneaniline. --This docomj)osition was carried out as in the 
preceding case, and the products were separated with the aid of 
ligroin, in which the dinitro-base is sparingly soluble. The latter 
was identified with the substance described below, and the benzyl - 
ideneaniline as in the preceding examples. 

P‘Nitrobenzylidene-o-nilroamline.—Thk was formed by heating 
p-nitrobenzaldeh^^de w-ith o-nitroaniline without a solvent until 
water vapour ceased to be evolved. The product was drained on 
porous porcelain from a little sticky matter, and then recrystallised 
from benzene, from whicli it separated in bright yellow very 
minute needles, m. p, 118° (Found : C ^ 57*8 ; H = 3*3. 
CigHjOjNj requires C = 57*6 ; H -- 3*3 i>er cent.). 

(B) Additive Reactions between Azomeihiues Leading to an Equi- 
librium which can be Reached from Both Sides. 

(IV) The Reaction (m) NOg-C^HvGHINPh + CHPlnX'CfiH^Br (p) 
^ cycloid (m) N02-CeH^-CH:X-C6H4Br (p) + CHPhlNPh.— 
The cycloid was not isolated in this case. Equivalent quantities (a) 
of ffi-nitrobenzylideneanilino and boiizylidene-p-bromoaniline, (6) of 
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Tw-nitrobenzyUdene-iJ-bromoaniline and benzylideneaniline, were 
mixed in benzene solution and kept at 80—100® for several weeks 
and then examined. Identical results were obtained in both cases. 
A quantity of 7 n-nitrobenzylidene-p-bromoaniline (below) separated 
when the solvent was evaporated and the residue rubbed with a 
little fresh benzene. m-Nitrobenzyiideneaniline was obtained by 
tituration with cold ligroin, which on evaporation deposited 
benzylidene-p*bromoaniline. Benzylideneaniline was obtained from 
the ultimate residue by rubbing with carbon disulphide. The 
four products were identified by direct comparison with authentic 
specimens, and by the melting points of mixtures with these. 

m-Nitrobenzylidene-'p-bromoaniline. — This was prepared by heat- 
ing the appropriate aldehyde and amine together without a solvent 
until water vapour ceased to be given off, and crystallising the 
product from benzene, whence it w as obtained as very pale yellow 
prisms, m. p. 84—85° (Found : Br = 26-2. CigHgOaN^Br requires 


Br = 26-2 per cent.). 

(V) The Reoaion {m) NO2*CgH4'0H:X-CH2‘06H4‘N02 (/>) -f 
ip) N 02 *C 6 H 4 -CH:X-CH,-C 6 H 4 'X 02 (m) cycloid — 

(m) NOvCeH4-CH:X-CH2-C6H4’m (m) + 


cycloid 


(a) Formation of ^-Nitrobenzylidene-p-nitrobenzylamin^ and m-Mlro- 
benzylidene'jn-niirobenzylatnine from vn-Nitroberuylid^Tie-^-nitTo- 
benzylamine and T^-NitrohenzyUdene^m-nUrobenzylamine.^Thm 
grams each of p.nitrobenzylidene-?n-nitrobenzy]amine and m-nitro- 
benzylidene-p-nitrobenzylamine w*cre dissolvwl in 10 c.c. of ethyl 
aceUte and the solution was kept at the ordinary temptwature 


until crystallisation apix‘ared to have ceased. The solid, after 
four crystallisations from ethyl acetate, melted at 148°, and did 
not depress the m. p. of pure p- nit ro benzyl idene-p-nitro benzylamine 
(below), with which direct comparison showed its identity. The 
ethyl acetate filtrate was concentrated to 5 c.c., seeded with the 
above diilitro-compoimd, filtered after half an hour, and then 
seeded with a crystal of m-nitrohenzylidene-m-nitrobenzylamine, 
which slowly separated. After tw'o crystallisations from alcohol, 
the product melted at 138°, and did not depress the m. p. of pure 
m-nitrobenzylidene-w-nitrobenzylaminc (below), with which its 
identity w^as established by direct comparison. 

(b) Formation of and 

ih-Sitrol>enzylidene-p’nitrol>enzyla7nine from m-yitrobenzyUdene-m- 
nitrobenzylamine and p-Ah 7 rohea:yi/^f€ne-p-ndro 6 e»^yh 2 mtne.-Equal 
quanUties of p-nitrobenzylidene-p-nitrobenzylainine and m-rntre- 
benzylidene-m-nitrobenzylamine (below) were dissolved m the 
minimal quantity of Ixiiling ethyl acetate and the solution was 



or P017B*MEMBEEED BINGS. PABT I, 2801 

kept at 60“ for one hour and then cooled. No crystals separated 
until a trace of finely powdered p-nitrobenzylidene-m-nitrobenzyl- 
amine was added, with consequent deposition of this substance. As 
crystalli^tion proceeded, p-nitrobenzylidene-p-nitrobenzylainme 
and w-nitrobenzylidene-m-nitrobenzylamine began to be deposited 
The ultimate residue almost certainly contained a large proportion 
of m-nitrobenzylidene-p-nitrobenzylamine, but it could not be 
entirely freed from the accompanying trace of the less soluble 
isomerides. The p-nitrobenzylidene-w-nitrobenzylainine was iden* 
tilled by its m. p. and by that of its mixture with an authentic 
specimen. 

p-iV itrobenzylidene-'p-nitrobenzylamine. — The appropriate aldehyde 
and base were mixed together in ethereal solution, the solvent 
was evaporated, and the residue recrystallised from boiling benzene. 
It separated in colourless needles, m. p. 1,50° (Found : C — 58-5' 
H-4'4. C 14 H 11 O 4 N 3 requires C!=:o8*9; H = 3*9 per cent.)! 
and was rather sparingly soluble in alcohol, benzene, or ether, but 
easily soluble in ethyl acetate or chloroform. 

base was prepared 

like the preceding one. The product separated from alcohol or 
benzene in glistening leaflets, in. p. ur (Found : C = 59'0- 
H = 4-2. C 11 H 11 O 4 N 3 requires C--5H-9; H -- 3*9 per cent.). It 
is extremely soluble in chloroform, moderately soluble in ethyl 
acetate, and rather sparmgly soluble iji coUl benzene or alcohol. 

(C) AdditivB M&ictiotis of Azonu thhu-'^ L/coding to the Isolctiioti of 
the Products of Dinsion of the. Cycloid. 

(VI) The Eeaciion (m) NO.-CgH^’CHIXPh -f CHPlnX^CeH^-NOa (0) 
cycloid [m] (0) CHPhiNPh.— 

This change takes place to a considerable extent from left to right 
when the initial substances an* allowetl to react in benzene solution 
at the ordinary temperature for r^i-vera 1 ecks. m-Xitrobenzylidene- 
o-nitroamline crystallises from tiie solution, whilst benzvbdeneaniline 
may be isolated by evaporating tJio solvent and extracting the 
residue with cold carbon dLsuI})lnde (Found ; X ^ 7-9 per cent.). 

^'Niirobenzylidenc-o-nUroatudfie forms bright 5 *cllow, feathery 
crystals, and, after crystallLsatioii from benzene, melts at 143—145°. 
The substance obtained by the abwve method was identified by 
analysis (hound : C 57-2; li — 3-7 }x*r cent.), and by direct 
comparison and the melting ptiint of its mixture with a specimen 
prepared by heating «i*nitrobcnzaidohyde with o-nitroaniline, with- 
out the addition of a solvent, untirwator ceased to bt* evolved 
( ound: C = 57-4; II ;H ; N i.vs. miuixes 

C — 57-6; H = 3 5 ; N ^ Id'5 por ixnt.)- 
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(VII) TU Reaciion (m) N02-C8Hj-CH:NPh + CHPh:N-C8H.-N0 
(m):^ cycloid :^(m) NOj-CjHvCHlN-CeHj-NOj (m)+ CHPhlNPh' 
— Thiis change goes practically completely from left to right in the 
course of forty-eight hours at the ordinary temperature in benzene 
solution. The separation of the products was effected as in the 
preceding instance, and each was identified by fcomparison and 
by the m. p. of its mixture with a genuine specimen. 

The m-nitrobenzylidene-m-nitroaniline, prepared either in the 
above manner, or by condensation of the appropriate aldehyde 
and base, crystallised from benzene in aggregates of pale bufi- 
coloured needles, m. p. {Found : C — 57-6; H = 3*5. Oalc 
C = 57‘6; H == 3-3 per cent.). Hanlzsch gives 153° as the m n* 
{Ber., 1890,23,2775). 

(VIII) The Reaction (m) NO./C^H^-CHINPh + CHPhiN-C^H^-NO,, 
(p) ^ cycloid (m) N02*C6H4'CH:N‘CeH4-N02 (p) ^ 

CHPhtNPh.— This reaction requires about one month for its com- 
pletion, but is otherwise very similar to reaction (VI). The 
products were separated and identified in the same way. Indications 
of the formation of the cycloid were obtained, but it could not be 
isolated in a pure condition. 

m^Nitrobenzylidene-p-nitroanilinc was prepared for comparison 
with the substance obtained in the above reaction by heating the 
appropriate aldehyde and base together without a solvent until 
water ceased to be evolved. The product crystallised from benzene 
in aggregates of olive-yellow needles, m. p. d-KF (Found: 
C = 57-9; H-3-6; 15*7. ivquir.-s U..57-6i 

H — 3-3 ; N — 15*5 per cent.). 

(IX) The Reaction (p) X02-CsH4*CH;NPh + CHPhlN-C^H.-XOg (m) 
cycloid ^ (p)N02*cX’CH:X*C6H,*X02(/rt) + CHPhiNPh.- 

This reaction is very similar to (VII) and was carried out in the 
same way. 

p-Nitrobenzylidene-m-nitroaniline was prepared from the alde- 
hyde and base for purposes of comparison. It separated in stout, 
orange prisms, m. p. 1(34 — 155° (Found: C 57-8; H ^ 34 
Calc., C = 57‘6; H — 3*3 per cent.). Lowy and King acord 
m. p. 152° {J. Amer. Chem. Soc.y 1921, 43, 627). 

(X) The Rmciion (p) NOadlgH^OHINPh + CHPh:N*C6H4’N02 [p] 
^ cycloid ^ (plNOa-CeH^-CHlX-CgH^’NOa (p) + CHPhlNPh.- 
This reaction is in all rcsiKiots similar to (VIII), and was carried 
out in the same way. 

p-Nitrobenzylidene-p-nitroaniline was prepared, for comparisoQ, 
from the aldehyde and base, and obtained as bright yellow prisms, 
m. p. 199—200° (Found : C 57-7 ; H = 3*6. Caie., C = o7'6; 

H = 3*3 per cent.). Lowy anVl King give m. p. 198*5° {U>c- ciQ- 
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(XI) The Reactiwi (p) NOgO^Hi-CHINPh + OHPh:N-C.H.Br (v) 
^ cycloid {p) N02-C6H,-CH:N-C8H,Br (;;) + CHPh‘NPh ^ 
This change takes place from left to right in the course of a few 
hours in benzene solution at the ordinary temperature, and in a few 
minutes on boiling. In the latter case the brornonitro-base crystal 
lises on cooling (Found : Br - 26-5. Calc., Br 26-2 per cent.). 

p-Nitrobenzylidene-p-bromoaniline was also prepared, for com- 
parison, from the appropriate aldehyde and base. It' separated 
from benzene in short, yellow needles, m. p. 160 — 161® (Found • 
gr = 26*4 per cent.). Lowy and King record ni. p. 160*5® 
(/oc. cit). 

(XII) The Reaclion {p) KOa-CeH^'CHIX-CHgPh + 

CHPh:K-CH2-C6H4-NOo {p] 

^ cycloid ^ ^ ip) KO^-CeH.-CHIN-CH^'CeH.-NO^ {p) 4- 
CHPhlN^CHgPh.— This reaction occurs almost instantaneously when 
themononitro-bases are melted together at 70— 100^ and is quanti- 
tative from left to right if they are mixed in dry etkcr or benzene. 
The p-nitrobenzyUdene-p-nitrobenzylamine, most of which crystal- 
ised from the solvent used, was purified by recrystaliisation from 
alcohol, and identified by its melting jroint (150°) and nitrogen 
content (Found: N = 14*4, Calc., N = 14*7 per cent.), and by direct 
comparison with a known specimen. ^Vftcr the dinitro- compound 
had been caused to crystallise as completely as possible by rubbing 
with solvents, the oily residue was distilled under diminished 
pressure. After two distillations, the benzylidenebenzylamine was 
obtained as a pale yellow oil, b. p. 192°/30 mm. (Found : N = 7-7. 
Calc., K 7*2 per cent.). It was definitely identified by hydrolysis 
by dilute hydrochloric acid to benzaidehyde and benzylamine, 
\\hich were separated and identified by conversion into crystalline 
derivatives (benzaldehydesemicarbazone and benzoylbenzylamine). 

(XIII) The Reaction (jn) N02-C6H4*CH:X-CH2Ph -f 
CHPhlN-CH.-CeH^'XO, (m) 

cycloid {m) X 02 -C,,H^*CH:X-CH 2 *CsH,-X 02 (m) + 

CHPh.X‘CH 2 Ph. This reaction was carried out like the preceding 
one and the products were identified in the same way. The m-nitro- 
benzylidenc-wi-nitrobenzylaminc was separated by taking advantage 
of its insolubility in cold benzene. 

(XIV) The Reaclion {p) X02*C6H4‘CH:X*CH2Ph -h 
CHPh:X*CH2-C6H,-X02 (m) 

^ ^ (p) X02-C6H4*CH:X*CH2*C6 HvX 02 (m) -h' 

fir h.N'CHgPh.— This reaction was carried out by fusing the 
inononitro.bases together at 66®. The products were separated 
identified as previously described (for the dinitro -com pound : 
lound : N ^ 14*7. Calc., N 14-7 Vr cent.). 
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(XV) The Reactim (w) NOa-C8HvOH:N-CHaPh + 

CHPh;N-CH 2 * 09 H 4 -NOa (j?) 

cycloid ^ (m) NOa-CeH^-CHIN-CH^-CeH^-NOg {p) ^ 

CHPhiN’CHgPh. — ^This reaction was carried out like the preceding 
one, and the products were identified in the same way (for the 
dinitro-compound : Found : N = 14-7. Calc., N ^ 14-7 per cent.) 

(D) Reactions Leading to the Isolation of the Factors. 

Under this head are included attempts to detect reversibility 
of the reactions of section C. It is imnecessary to describe these 
experiments, aa the method is the same as in section C, and the 
general result has been referred to in the introduction. 

(XVI) ip‘Nitrobenzylidene-p-nitroaniline and e^ccess of benzylidem- 
aniline at 100°. 

(XVII) P’Nitrobenzylidene-^-bromoaniline and excess of benzyl 
ideneaniline at 100°. 

(XVIIl) p-NitrobenzyUdene-p-nilrobenzylamine and excess oj 
benzylidenebenzylamine at the ordinary temperature and at 100°, 

Note. — Preparation of Benzylidene-o-nitroaniline. This substance, 
which was required for experiments (III) and (VI) and had not been 
previously described, was prepared by heating benzaldehjde with 
one equivalent of o-nitroaniline without a solvent until the evolution 
of water vapour had nearly ceased. Condensation was not quanti- 
tative, but the product set to a thick paste of crystals which was 
purified by draining on porous porcelain and crystallising from 
benzene. The substance forms small, bright orange needles, 
m. p. 118° (Foiuid i C — 69-2; H ^ 4*6. requires 

C — 69*0 ; H ^ 4-4 per cent.). 

We wish to thank the Royal Society for a grant with the aid of 
which much of the expense of this work has been met, 

XmPEBIAI. CoLLKGl'. OV SaExNCK AN’U TECHNOLOGY, 

South Kensington, S.W. 7. [liectived^ lSe}^anbrr 21th, 1922,| 


CCCXXX V. — 111 e Co 7 n])o.s it io n of I ^<t ra ffi u I V ax. 
Pari III. 

By Fkan'CIs Francis, Cyril Mercer W.uklns, and Keglnald 
WlLERED WaLLINCITON. 

In the last communication (this vol,, p. 1529), wo described the 
isolation and properties of seven constant-boiling fractions obtained 
from paraffin wax, and }x>inted out that thcse-^letterod B to H- 
constitute about hO per cent.'of that material. 
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The present account deals with the air oxidation of these and 
other fractions at 100®, and with the separation of the constituents 
of the resulting products. 

We have still to prove that the constant-boiling fractions are 
nurc or fairly pure hydrocarbons, although we believe that the 
argument advanced in this communication is very strong evidence 
in support of the view that they are not mixtures. 

I . — Velocity of Oxidation. 

The method employed in the oxidation of the fractions is similar 
to that previously described [loc. cit., p. 496); it was carried 
out by means of a current of dry and carbon dioxide-free air 

at 100®. 

In all cases carbon dioxide and formic acid were produced, and 
an estimation of these made in six cases led us to the conclusion 
that the amounts of carbon in both these substances correspond 
closely in each case with the oxidation of one gram- atom of carbon 
per one gram-molecule of hydrocarbon. 

At suitable intervals during the oxidation, specimens were taken 
and analysed ; their melting points and the i>erceiitage of oxygen 
deduced are given in Table I. 

Table I gives the data for nine fractions ; of these A, which is 
almost certainly a mixture, boils over a range of at least 10® ; and 
residue 18—21, known to be a mixture, over a range of 30®. 

Six fractions, lettered B, C, K, F, G, and Residue, were treated 
with 2 per cent, of tur])entme, whereas A, D, and H were oxidised 
in the absence of this substance. The results obtained, how^ever, 
and others to be communicated later, indicate clearly that oxidation 
would have taken place without turpentine, and that the " latent 
period ’’ {loc. cit., pp. 499, 1034) has i^ecn very considerably dimin- 
ished by the long period of heating involv{^d in the fractionation of 
the wax. 

Full details of the fractions oxidised will bo found in the previous 
communication {loc. cit., p. 1532). 

It will be seen that the first and flic last fractions oxidise at a 
much slower rate than any of the others, but that w’hereas fraction 
A finally showed an oxygen content of 12-9 per cent., the amount 
of this element in the “ residue ’’ docs not increase beyond 6*3 per 
cent. 

Fraction G has a molecular weight of 450, and is oxidised in a 
manner comparable with the others, yet .s\Tithetic dotriacontane 
with the same molecular weight has been shoivn to resist oxidation 
under similar conditions; constHjucntly it is perfectly clear that 
these two hydrocarbons are not identical. 
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n.—Separalton of Products of Oxidation. 

The. materials resulting from the oxidation of the various fractions 
given in Table I (the molecular weight and acid value of which 
are given in Table 11) were di.s.solved in absolute alcohol, treated 
wth an excess of a cold conoentrated solution of potassium hydr- 
oxide, and made up to equal volumes of water and alcohol. The 
resulting solution was then repeatedly extracted with light petroleum 
which removes inert material. The acid.s were liberated from their 
salts and divided into those soluble and in.soluble in light petroleum. 
The former correspond to those previously de.signated as a- and g-' 
and the latter to the y-acids (loc. cil.. p. .507). The process has to 
to repeated in order to effect a complete separation of the inert and 
acidic constituents. The amounts of these two acids, expressed 
as a percentage of the oxidation product, together with their acid 
values, are given in Table 11. 

After the above separation had been effected, a determination 
of the saponification value of the various inert specimens showed 
the presence of esters and possibly of anhydrides ; the following 
values were obtained for fractions A to “ Residue,” namely, 37-5 
39-6, 21*6, 40*2, 25 1, 54-7, 41-8, 38-8, 23-1, respectively.’ The 
inert material was consequently saponified and the acids and 
neutral material were separated as described above. The acids 
obtained from each fraction liy this treatment, together with their 
melting points and acid values, are given in Table II and expressed 
as percentages of oxidation product. 

The resulting neutral materials still contained unchanged hydro- 
carbons, which were sejia rated by cry.'italUsation from acetone, in 
which they are very insoluble in the cold. On repeating the oper- 
ation several times, hydrocarbons were obtained, the analyses of 
which showed they were completely free from oxygen-containing 
substances. The neutral material, which certainly contains alcohols 
and very probably otlier oxygen derivatives, together with the 
UDoxididcd hydrocarbons, are given in Tabic II as percentages of 
oxidised product. A dis^mssion on the latter substances is given 
in the next section. 

In the accounts of the various separations outlined in this section, 
it vill be realised that, to begin with, only relatively small quantities 
of the constant-boiling fractions of j’larathn wax were available 
(see la hie I), and, further, that n*])eated operations had to be 
carried out with the oxidised materials in order to obtain the pure 
constituents; in such eircumstnnoes losses were unavoidable, and 
their extent can be judged from the data given in Table 11 ; it ^vill 
be seen that in three cases the total loss was about 10 j>er cent, and 
w fiv’e others less than 5 per cent. 
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On the other hand, mixtures of the various oxidation products 
can be obtained readily and in quantity from the oxidation of 
paraffin wax itself, and the work on which we have been engaged 
for some time makes it appear highly probable that a separation 
of such mixtures can be effected; it will then be po.s.sible to com- 
pare the resulting .sub.stances with tho.se isolated from the oxidation 
of the constituent fractions of the wax, which are described in thi.s 
communication. 

At this stage of the investigation, it is only possible to state 
generally that, omitting fraction A and the Residue, the various 
percentages of the constituents indicatt^ that a very similar change 
has been effected in all cases. 

We experienced difficulties in separating the constituents of the 
oxidised product from the residues, fractions 18 to 21, and the 
data for alcohols, etc., and un(jxidiscd hydrocarbons in this case 
are much less accurate than in the others. 


Ill* ^dtUTE of L noxidi’icd llydrocarhons. 

The molecular weight of the hydrocarbons recovered from the 
oxidation mixture, together with their melting points, are given in 
Table II; and on comparison with the corresponding data for the 
fractions in columns 2 and 3 it will be seen that, within experimental 
error, they are the same. 


It was found that cletermination.s of the melting points of mixtures 
of some of the original fractions always showed a depression below 
that of the lower-fusing hydrocarbon; thu.s a mixture of equal 
quantities of E, ra. p. 57•3^ and Y, m. p. melts at 53-6". 

It will be. seen in Table II that the melting points of mixtures of 
fractions B to E and 0 with tlie respect i\(* hydrocarbons which 
escaped oxidation gave no indication that the Residues were other 
than identical with the original fraction. 

The percentage solubility of the residual hydrocarlwns in chloro- 
form at 15“ was determined in the cases of those recovered from 
fractions B to F and found to be 20-4, S-5, 545, 3-5, and 2-5, respec- 
tivdy, the numbers for the original fractions Ix-ing 20*6, 8*38, 
0-42, 3*48, and 2-0; again, the data, with the exception of that 
lor F (in which only small quantities were available), are the same 
within experimental error. 


Fmally, we have confirmed the identit\' in the case of fractions 
y E, F, and G by comparing the refractive indices of these with 
those of the corresponding hydixu'arbons left unoxidised. This 
comparison was made at different temperatures between 60“ and 
and showed unmistakably the exact similarity of the two groups, 
n the other hand, in the case of fraction A and the Residue, 
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known to be mixtures, the unoxidiaed hydrocarbons recovered 
were not identical with the original matenal. 

There is no doubt that the seven fractions of ooMtant boiling 
point leave smaU quantities of unoxidised hydrocarbons which in 
^oh case are identical with the fraction used. Now, had fraction 
B for instance, consisted of a mixture of two hydrocarbons in some 
definite proportion, that is, a constant-bodmg mixture, it is not 
likely that, in this case, unoxidised residue amountmg to only 
7-7 per cent should consist of these two hydrocarbons in exactly 
the same proportion. But that such conditions should obtain in 
the case of six other fractions is so extremely improbable that nr 
regard the identity of the original with the residual hydrocarbons 
cJstronq evidence that the fractions of constant boding point Matii 
from paraffin wax are pure hydrocarbons and not mixtures. 

Our thanks are due to the University Colston Society for grants 
towards the expenses of this work, and to the Department of 
Scientific and Industrial Research for assistance wkch has again 
enabled two of the authors {C.M.W. and R.\V.I\.) to take part 
in the investigation. 


Chemical Department, 

University of Bristol. 
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CCCXXXVI. The Mechunism of the Bromimiion cj 

Phenol ill Aqueoits Solution. 

By ilAKKY B.MNES. 

It has been .shown hv Dinwidilic and Ka.dlc (Amer. Ckcm. I, 
inn 46 502) that when phenol is bromiiiatcd in aqueous solution 
only’ tribromophenol and tribromophcnol bromide are formed, 
whereas on bromination in non-liydrolytic solvents such as chlora 
form carbon tetrachloride, carbon disulphide, etc,, substitnta 
takes place with the formation of a dibromophenol probably 
?^ 4 -diLmophenol. They suggest that the peculiar b^aviour d 
phenol in aqueous solution is due to its existence in so'"*'™"’ J] 
Juinonoid form, the reaction taking place according to the follow „ 
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In order to test this suggestion, the action of bromine on phenol 
in carbon tetrachloride solution was investigated. Standard solu- 
tions of phenol and of bromine in carbon tetrachloride were prepared. 
Known volumes of each solution were mixed, and after standing, 
an aqueous solution of potassium iodide was added, and the -whole 
quicldy shaken. The liberated iodine was then estimated by 
titration with standard sodium thiosulphate solution. 

It was thus found that although phenol be left mih excess of 
bromine in carbon tetrachloride solution during several hours, 
much less bromine reacts than is necessary to form the tribromo- 
derivative. If to such a mixture water be added, the colour of the 
bromine becomes less intense ; tribromophenol is immediately formed 
in the aqueous layer, and redissolves in the carbon tetrachloride. 

A known volume of the phenol solution was mixed with a known 
excess of the bromine solution, and at certain definite intervals 
aliquot portions of the mixture were removed and titrated. On 
plotting the time against the amount of bromine reacted, a con- 
tinuous curve was obtained, many days, however, elapsing before 
the tribromophenol stage was reached. Hence the statement of 
Dinwiddie and Kastle {loc, cit.) conceniing tlie formation of di- 
bromophenol expressed only a part of the truth . The velocity of the 
reaction also varied regularly with the concentrations of the reacting 
substances. 

To phenol (20 grams) in carbon tetrachloride (200 c.c.), the 
requisite quantity of bromine solution to form monobromophenol 
was slowly added (34T grams of bromine in 200 c.c, of carbon 
tetrachloride) in order to test whetlier the product w^ould consist 
mainly of a mixture of phenol and tribromophenol, or of mono- 
bromophenol. After a few' minutes, w'hen the colour of the bromine 
had almost disappeared, the carbon tetrachloride was evaporated, 
and a theoretical yield of a mixture of o- and p- monobromophenol 
was obtained. On similar treatment with twice the quantity of 
bromine, a theoretical yield of 2 : 4-dibromophenol was obtained, 
the reaction in this case taking many hours to complete. The 
above compounds W’ere also prepared by treating phenol solution 
with excess of the bromine solution, and adding an aqueous 
solution of potassium iodide at the necessary time, calculated on 
the results of previous titrations. This method, how’ever, proved 
X) be less satisfactory than the former. 

The degree of moisture of the solutions w'as also found to have an 
effect on the velocity of the reaction. When the moist solutions 
5Pere dried with calcium chloride, the reaction was found to be 
retarded, and on further dehydration with zinc chloride or phosphoric 
oxide, the bromination was retarded srill more. 
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From these observations and experiments, theoretical conclusions 
can be drawn bearing on the mechanism of the brommation of 
phenol If the reaction takes place by direct substitution, there is 
M reason why bromination should not be effected as readily in non- 
hvdrolytic solvents as in water. Also the accelerating effect of a 
trace of water is inexplicable on Ibis theory. The different characters 
of the reactions in water and carbon tetrachloride are illustrated hy 
the difference in velocity and in products of incomplete bromination. 
However these facts and several others are explained on the assuinp. 
tion that’ the slow reaction between dry phenol and dry bromine in 
an inert solvent is one of direct substitution, whereas the rapid 
bromination of phenol in aqueous solution is due to the action of 
hvpobromous acid, formed by the interaction of bromine and water. 
The hypobromous acid probably reacts with the phenol by addition, 
with subsequent elimination of water. 



OH 



Br 


The removal of the hypobromous acid from the system during 
bromination in aqueous solution causes the reaction 
Br, + H,0 — HOBr + HBr 

to proceed to completion from left to right, hydrobromic acid being 
formed as a by-product. The water in the reaction cycle i-s constant 
in amount aiid therefore act.s as a pseudo-catalyst. Ihw explains 
the accelerative action of a trace of water in the bromination m 
carbon tetrachloride solution. 

In order to test the above suggestion, the action of liypohrmnoas 
acid on phenol was investigated, A very dilute solution of hj, as 
bromous acid was made from bromine water and zinc oxide. On 

wZnl rtl. • * -“f 

obtained and potassium iodide-starch paper proved that t 
hypobromous acid had reacted. A lajgo 

having been extracted with a little carbon tetrachloride, the prec p 

tate was proved to be tribromophenol. ^.viHpnce 

• The behaviour of hypobromous acid towards phjo s d 
in favour of the mechanism suggested which 
by the fact that bromination is retarded by con 
tL formation of hypobromous of a W 

such con4ition would be brtjmination m th p 
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excess of hydrobromic acid, or indeed in any atrongly acid solution. 
Pope and Wood (T., 1912, 101, 1823) describe the bromination of 
phenol in concentrated hydrobromic acid solution, and state that 
the bromine is absorbed very slowly by the phenol. They recom- 
mend this method for the preparation of dibromophenol. Dinwiddie 
and Kastle (loc, cit.) mention the retarding effect of glacial acetic 
acid, and Hewitt, Kenner, and Silk (T., 1904, 85, 1225) show that 
concentrated sulphuric acid mixed with the glacial acetic acid 
retards the bromination still more. 

The author desires to express his indebtedness to Professor F, S. 
Kipping, F.R.S., for his interest in this work, and to the Department 
of Scientific and Industrial Research for a grant which has enabled 
him to carry out this investigation. 

Thb Chemistry Department, 

UmvEBSETT OOLI-KOE, NoTnNQHAM. [Received, October lOih, 1922.] 


CCCXXXVIL — Equilibrium in Systems Composed 
of Water and Alcohols : Methyl Alcohol^ Pinacone, 
Glycerol, and Erythritol. 

By Nicolai Antonovich Pushin and Alexandra 
Alexandrovna Glagoleva, 

The System Methyl Alcokol-Wntrr, 

In a previous communication (J. Russ. Phys. Chem. Soc., 1915, 47, 
100) it was shown that, contrary to statements in the hterature, 
ethyl alcohol does pot form a definite hydrate witli water. With 
methyl alcohol also, the existence of a long scries of definite com- 
pounds vith water has been inferred from various properties of 
the solutions (Varenne and Godefroy, Cojup. rend., 1904, 138, 990; 
De Forcrand, Ann. Chim. Phys., 1892, [vi], 27, 546; Jones and 
Get man, J. Amer. Chem. Soc., 1910, 32, 308). As will be shown 
in this communication, the study of the ei|uiiibriuni in the system 
methyl alcohol-water does not support the supposition that there 
exists any definite chemical compound of the two substances. 

The freezing points of mixtures of methyl alcohol and water 
were determined by Pickering (T., 1893 , 63, 1015) up to 50 mols. 
}ier cent, of alcohol, and by Baumo and Borovsky over the whole 
range (J, Chim. physique, 1914, 12, 270), but neither of these authors 
examined the eutectic freezing points, .^o that no conclusions can 
be drawn from their work as to the exislcncc of solid compounds. 
Many temperatures recorded by Baume and Borovsky are far 
VOL, CX3U. ‘ 6 0 
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too low, owing to supercooling, some of them lying considerably 
below the true eutectic temperature. 

The investigation of the equilibrium in the system methyl alcohol-^ 
water was carried out according to the method employed in the 
case of the system ethyl alcohol-water (ioc. a(.). The mixture to 
be examined was placed in a glass vessel, which was enclosed in two 
or three glass mantles, and the whole system was cooled with liquid 
air. The temperature was recorded by a thermo-element and a 
galvanometer. 

If the necessary precautions are not taken, methyl alcohol and 
many of its mixtures with water, when cooled to the temperature ol 
crystallisation, do not crystallise at all but become transformed 
into a hard, glassy mtiss. In order to induce crystallisation it 
necessary that at temperatures near the point of crystallisation the 
rate of cooling be very slow and that the mixture be continually 
stirred. 

The results of the study of the system methyl alcohol-water are 
given in Table I and Fig. 1, A. 

Tablk 1. 


Methyl alcohol and water. 





Duration 


Duration 

Concen- 



of eutectic Concen- 


of eutectic 

tration 



crj'stallis. tration 


<'ry8talli8- 

of 



ation in of 


ation in 

methyl 

Temperature 

minutes methyl 

Temperat\ire 

minutes 

alcohol 

of first 

of eutectic 

for I alcohol 

of first ofeuteclK’ 

for 1 

in 

crystal- 

cryatal- 

pram of in 

crystal’ crj’stal- 

gram of 

raol. %. 

lisation. 

lisation. 

substance, mul. ''q. 

Usation. lisation. 

substance. 

0 


n‘ 

t>0 

-SJ-y 10! 5^ 


10 

- 13'0° 


7tt 

in 

12 

20 

- ;j0'2 

-102’ 

U'l 72 

-KM 


3:h3 

- :t\\ 

-IOOj 

80 

Ki2 

n 

40 

— tio 

-102 

0-4 85 

-107 

M 

44 

— 7 So 

-ioo-:> 

00 

- iO.T5 

v-c 

50 


-lUO-.'j 

O’T 0.7 

- 100-5 

U-8 

54 


-100-5 

I'U 100 

-or 



Pure methyl alcohol crystallises at — tWi'. Us cooling curve, 
which is that characteristic ol a pure substance, is shown in Fig. 
1,B. 1-^1. 

iSolutions with a content of 10— GO mol. j)cr cent of alcohol gave a 
definite temperature of first crystallisation (in most cases with 
great overcooling), and also a definite temperature of eutectic 
crystallisation. Fig. I, B, 2—2 and 3—3 show- the cooling curves 
for solutions containing GO and 40 mol. per cent, of alcohol, 
respectively. 

In solutions with a content of more than GO mol. per cent, of 



COMPOSED OF WATER AND ALCOHOLS. 


2815 


alcohol the temperature of first crystallisation could not be deter- 
mined. For this reason the branch of the diagram connecting the 
freezing l^int of pure alcohol and the eutectic point remained 
undetermined. The eutectic crystallisation at — 100-5° waa 
determined over the whole range of composition. Some of the 
solutions showed a great overcooUng of the eutectic point. By 
repeated determinations, this point was raised from — 122° to 

- 103-6° in the case of 90 mol. per cent, of alcohol, and from 

- 110'5° to ~ 107° in the case of 85 mol. per cent, of alcohol. For 


mixtures of 80 and 72 mol. per cent, of alcohol, not only the cooling 
curve, but also the heat- 
ing curve was deter- ^ 

mined. The melting | .( | t 7^" 

point for the first mix- ^ | \ '' > i ' ^ 

tui*e was determined as I \ ^ T- . i J \ 

— 102°, for the second J . /■ / '. 

as-101°. Thetempera- | _ i / _ 

turefor the second mix- ^ I ! h I 

ture is very close to that ■ I \ * i ^ 

obtained by the method J ’“’j 1 s-V 1 

of cooling (— 102°). As p ^ | j 

concerns the position of a. ^ 

the eutectic point, the ^ j | • 

maximum of the dura- ; j | i n. c-.w 

tion of crystallisation at i j i i o i > 

the eutectic temperature | ! * ^ | 

(- 100-5°) was deter* ! t ? 

mined for a mixture ^4^ til ^ 

containing 80 mol. i)er ^ 

cent, of alcohol. Near M'>i. i>rr mrihjl akM. 


MoK prr cent, vj mrih]jl alcohol. 


this ordinate is the eutectic |>uint. 

it will be seen that the equilibrium diagram of the system methyl 
alcohol’-w'ater is characterised by two branches, which cross at the 
eutectic point and can be traced through the whole diagram. It 
follows, therefore, that in the crystalline state methyl alcohol docs 
not form any definite compound with water. Both substances give 
mechanical mixtures only. 

Since the calorific effect is positive when meth}^ alcohol is 
mixed with water (De Forcrand, loc. dt.), it follows that hydrates 
of a definite composition, if they exist at all, should bo of an exo- 
thermic nature. Their stability should increase with decrease of 
temperature and with the transition from the liquid to the solid 
state. Therefore it can be stated with great probability, that if 
definite compounds of methyl alcohoh and water do not exist in the 

5C2 
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Con ceil* 
tration, 
of 

pinacone 


Table II. 

Piaacone and water. 

Duration 
of eutectic 
crystallis- Concon- 
ation in tration 

Temperature minutes of Temperature 

of first of eutectic for 1 pinacone of first of eutectic 


in 

crystal- 

crystal- 

gram of 

in. 

crystal- 

crystal. 

mol. %. 

lisation. 

hsatmn, substance, mol. %. 

lisation. 

liBatiou. 

0 

0 



3M 

43-3 

40-2 

0-5 

16-7'^ 

— 0-45'’ 


34-3 

41-8 

40-3 

0‘79 

224 

~ 0-45 


36-5 


40-4 

0'86 

22-0 



37-8 

40-7 

40-2 

1-3 

28-0 



390 

40-6 

40-0 

20 

33-8 



40-0 


40-4 

22 

34-7 

- 0-6 

3-0 

42-0 


39-6 

2-7 

37-4 



45-0 

41-2 


3 6 

40-2 

- 0-5 


60-0 

41-25 


61 

42-6 

- 0-6 


63-3 

41-2 


6-5 

43-2 

- 0-4 


57-5 

41-0 

27-2 

6-5 

43-7 

- 0-6 


63-7 

39-4 

28-2 

80 

44-4 

- 0-7 


64-8 

39-6 

37-0 

9-6 

44-9 

~ 0-7 

0-9 

70-8 

30-6 

29-2 

116 

45-2 

- l-O 


76-0 


29-3 

12'7 

453 

- 1-5 

0-4 

76-4 

33-7 

29-3 

U'27 

454 

— 


80-4 


29-4 

14-34 

45-4 

— 


82-8 

30-2 


17-0 

45-3 



80-2 

32-4 

29-1 

19-5 

46-2 

37-3 

0-2 

870 

33-2 

29-35 

21-9 

45- 1 

37-8 

0-6 

93-4 

38-6 


24-4 

44-8 

40-1 

l-O 

97 

39-7 


29-1 

43-7 

40-2 

1-2 

100 

4M 

0 


I>Ufation 
of eutectic 
erystalJis- 
e-tion in 
luixiutca 
for 1 
gram of 
substance. 


20 

1-9 


U 


0-2 


1-4 

1-6 

1-7 

2‘1 


1-3 


cryritalliiie ^tato b(-low - 100’, their existence in the liquid state 
at the ordinary temperature is still less probable. 


The System Pinacoiie-Wakr, 

Fittig ISoO, 110 , 25; 1860, 114 , 54) showed the 

existence of a hydrate of pinacone with the definite composition 
CgHjjOgjOH^O. Linncmann (.d»«afen Supply 1864, 3, 374; 
J. Chm. Soc., 1H71, 24, 422) found that pure pmacone melts at 
35 — SS'’ and its liydrate at 46*5®. Couturier (^nn. Ckim. Phys., 
1892, [vi],26, 479) states that the melting point of pinacone hydrate 
is 56®. Systematic investigation of the system pinacone-water has 
not hitherto been carried out. 

The cooling curv’c of commercial pinacone was of the kind 
characteristic of an impure substance (the first crystals were de- 
posited at 33® and the eutectic temperature appeared to be 294"; 
Fig. 2, B, 1 — 1 ). It was necessa^J^ therefore, to purify the substance 
before investigation. After several crystallisations, the freezing 
point rose from 33® to 41*1®, and the eiriectic point at 294^ die»p' 
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peared completely (Fig. 2. B, 2-2). Further purification did not 
change the temperature of crystallisation. 

Contrary to the behaviour of methyl and ethyl alcohols, pinacone 
and its aqueous solutions crystallise well. A slight overcooling 
can easUy be avoided by stirring the liquid and by inoculation with 
crystals. On account of the great volatility of pinacone. superfluous 
heating of its solution should 
he avoided in order to pre- , 2. 

vent perceptible change in pinacone. 


concentration. 

The results of the in- 
vestigation are given in 
Table II and shown graphic- 
ally in Fig. 2, A. 

The equilibrium diagranr 
consists of five branches : 

1. From pure pinacone to 
a mixture containing 80 mo), 
per cent, of pinacone. 

the latter composition corre- 
sponds a eutectic point at 
29‘4°. The duration of the 
eutectic crystallisation 
renders improbable the exist- 
ence of solid solutions fd' 
water in pinacone. 

2. From 80 mol. per cent, 
to 50 mol. per cent, of pina- 
cone. The eutectic crystal- 
lisation in this section is 
very prominent and can be 
traced up to the maximum 
of the curve. This maxirauin 
corresponds to a definit e 



compound of pinacone and — 

^vater, the monohydrate, C6Hi2((>H)2,H20. It crystallises at 41-25". 
The curve is very flat on both sides of tliLs maximum. 

3. From 50 mol. per cent, to 38-5 mol. i>er cent, of pinacone. To 
the latter composition corresponds a second initoctic point at 40-4". 

4. From 38*5 to 14*3 mol. cent, of pinacone. The curve 

uses again and reaches, at 14 '3 mol. per cent,, a maximum, which 
corresponds to another comjwund of pinacone and water, the 
hexahydrate, which crystallises at 45-4". This 

compound was described for the first tihic by Fittig. TJie statemeut 
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of Couturier that it crystallises at 56® is incorrect. The eutectic 
crystallisation at 43® can be traced through the whole section from 
38’5 to 14'3 mol. per cent, of pinacone. 

5. From 14’3 mol, per cent, of pinacone to pure water. The 
phenomenon of overcooling at the eutectic temperature becomes 
more marked with increasing content of pinacone -(from — to 
— 1*5®). The eutectic temperature can be traced up to the 
hexahydrate. 

Investigation of the system pinacone-water established the exist- 
ence of two definite compounds, the monohydrate, 0 ^ 0 ^ 1 ^( 011 ) 2 , H 0 
(m. p. 41*25®), and the hexah 3 rdrate, CjHi 2 ( 0 H) 2 , 6 H ,0 (m. p. 45 4 ^); 
and the existence of two eutectic mixtures, containing respectively 
80 mol. percent, (m. p. 29'4°) and 38*5 mol. percent, (m. p. 40 - 4 ®) 
of pinacone, 


The System Glycerol-Water. 

The sample of glycerol crystallised at 13*3® instead of 17°, 
the value given by Heiuiinger {Ber,, 1875, 8, 643). In order 
to purify it, the specimen was exposed to quicklime for some 
time and distilled in a vacuum ; it then crystallised at IS’O®, It 
was not found possible to raise the crystallisation point above this 
value. The purified material crystallised well, formed colourless 
crystals, and gave the characteristic cooling curve of a pure sub- 
stance. As is well knottTi, crystallisation of glycerol without 
inoculation is very difficult. Stirring alone is not sufficient; the 
cooled liquid does not crystallise, but is transformed into a gelatinous, 
transparent mass, as in the case of some other alcohols. Crystal- 
lisation becomes more difficult as the water content increases. 
From solutions the concentrations of which are near the eutectic 
concentration glycerol crystallises with very great difficulty. 
Solutions containing 70 — 75 mol. per cent, of glycerol could not be 
induced to crystallise at all. 

The mixture under examination was cooled either at once by 
solid carbon dioxide or successively by a mixture of snow and salt 
and by solid carbon dioxide. In order to make the rate of cooling 
slower, the mixture was enclosed in two glass mantles. 

The results of the investigation are given in Table III, and shown 
graphically in Fig, 3, A. Fig. 3, B shows the cooling curve of pure 
glycerol. 

As has already been shown, pure glycerol crystallises at 18 0®. 
The addition of water lowers the temperature of crystallisation. 
By interpolation of the values from Table III, it can be seen that 
the temperature of first crystallisation at 13*3® corresponds with a 
concentration of water of 11*3 mol, per cent, or 2*26 per cent, bv 
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Table HI. 
Giycerol-water. 


Duration 
of eutoctic 
crystallis- 

Concen- ation in Concen- 
tration Temperature minutes tration 

of water of first of eutectic for 1 of water 
in crystal' crystal- gram of in 

mol. %. liaation. lisation. substance, mol, %, 


Duration 
of eutectic 
crystallis- 
ation in 

Temperature minutes 
of first of eutectic for 1 
crystal- crystal- gram of 
Usation. lisation. substance. 


0 

18 - 0 * 


46-0 

- 4-3 

- 27-7 

0-3 

1-8 

17 - 3 '’ 


58-0 

- 14-7 

- 28-0 

2-8 

16*9 


t > 6-4 

- 18-5 

- 28-0 

0-5 

5-5 

15-7 


800 


- 310 (?) 

0-7 

17-0 

9-5 


8o-0 

- 21-0 

- 28-2 ■ 

0-5 

18-8 

9-1 - 27 - 7 '* 

0-1 

90-0 

— 7-5 

-280 

0-4 

26-5 

4-8 


100 

0 ' 



35- 1 

- 1-3 - 27-7 

0-2 






weight. This was the quality of the sample of glycerol before 
purification. 

The diagram of the Fig . 3 . 


system consists of two 
branches which cross at 
the eutectic point. This 
point corresponds to a 
temperature of 28*0® and 
an average concentration 
of glycerol of 20 mol. per 
cent. Owing to the reluct- 
ance to crystallisation of 
mixtures near the eutectic 
composition, it was very 
difficult to determine pre- 
cisely the concent ra t ion 
corresponding to the eutec- 
tic point. Eutectic crystal- 
lisation was observed with 
all the solutions investig- 
ated. The duration of 
eutectic crystallisation, 
determined for 1 gram of 



MoL per cent, of glycerol. 


the mixture, shows that water does not form a solid solution with 


glycerol. In the crystalline state, lx)th substaoices form only a 
mechanical mixture. 


A sample of pure glycerol being available, it seemed of interest to 
determine the hiUuerto unknown cryosoopic constant. Although the 
difficulty of crystallising glycerol dirt not allow of great precision, 
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yet the values obtained agreed moderately well with one another. 
The results are recorded in the following table. 


Table IV. 


The determination of the cryoscopic constant of glycerol. 


Weight of 
glycerol in 
grama. 
11-4474 

10 - 7008 

11 - 4474 


Weight of 
water in 
grams. 
0-0435 
0-0610 
0-1297 


0 - 690 “ 

1 - 116 
2-326 


K 

for 1000 
grams of 
solvent. 
3-27 
3-62 
3-69 


The lowering of the freezing point of pure glycerol was deternuned 
with the aid of a Beckmann thermometer. Crystatoation wa.s 
attained by inoculation with a smaU crystal of glycerol. Without 
the latter precaution, overcooling of the mixture could not he 
nrevented. As shown in Table IV, the cryoscopic constant for 
1000 orams of substance lies within the limits 3'27 and 3-69. As 
the most accurate value for the constant corresponds to the most 
dilute solution, we can, by extrapolating to 0. tje 

cryoscopic constant of glycerol, determined for 1000 grams of the 
solvent, is nearly 3-1. 

From Tiiblc IV it vnl\ be seen that a mixture contauimg 11 44 <4 
grams of glycerol and 0-0435 gram of water, that is mth a content 
of 0-38 mol. per cent, of water, has a freezing pomt 0-69 lower than 
that of pure glvcerol. A depression of the freezmg point of 1-82- 
therefore corresponds !o a content of 1 per cent. V 'vmght of water, 
and a depres-sioii of 0-1“ corresponds to a content of 0 05o per cent, 
by weight of water. As depres-sions .smaller than O'l can be ea.uly 
detected with the Beckmann thermometer, it is obvious that the 
determination of the freezing point of glycerol affords a sensitive 
and precise method for the quantitative estimation of even small 
quantities of water in glycerol. 

The System Eryihritol-Waler. 

A sample of erythritol showed a 
instead of 120°, the temperature given by Rnll (Ikr., ’ 

3677). As only a small quantity of the erythritol was availalilr, 
the crystallisation point of the pure .siih.stance ^ 

mined. However, the cooling curve of the sample (hig. 4, o) 
not unlike that of a pure substance. 

All our investigation.s were made with this sample. P 
erythritol and its aqueous solutions ^ ^Vstallisc- itioderate y . 
yet to avoid overrooling it wa.f neoe.ssary to moeulatc with a o , ■ • 
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Table V. 
Erythritol-water. 


Duration 
of eutectic 

Concen* crystallis- Concen- 
tration ation in tration 

of Temperature minutes of 

eryth- of first of eutectic fori eryth- 

ritol in crystal* crystal- gram of ritol in 
mol. %. lisation. lisation. su balance, mol. %, 


100 

116‘6^ 


17-.5 

54-6 

-4-2 

92‘4 

lU-O® 


144 

40-4 

91 

113-2 --11-5=’ 

1-3 ^ 

134 

3C-5 

-4-4 

80 

110-2 - 7-2 


11-1 

27-4 

-4-4 

75-2 

106-5 


9 

22-8 

-4-1 

65-7 

102-5 


7-0 

14-0 

-4-4 

56-4 

97-5 - 4-3 

2-4 

4-8 

- 1-0 

-44 

42-4 

87-8 - 4-4 

2-7 

3-0 


-4-1 

38-9 

82-0 


2-5 

- 3-1 

-4-5 

33*3 

76-2 - 4-1 

3-1 

2 

- 2 4 

29 

70-5 - 4-2 

3-3 

0-9 

- M 


26*1 

65-0 ~ 4-7 


0 

0“ 



Duration 
of eutectic 
crystaUis- 
ation in 

leraperature minutes 
of first of eutectic fori 
crystal- crystal- gram of 
lisation. lisation. substance. 

3-9 


8-0 


of erythritol. The results 
are recorded in Table 
and shown graphically in 
Fig. 4, A. 

It will be seen tl^at the 
diagram of the system 
eryth ritol- water consists 
of two branches, which 
cross at the eutectic point. 

The concentration of 
erythritol at this pohit is 
II mol. per cent, and tlic 
temperature — 4*4'’. Tiio 
eutectic crystallisation can 
be followed through the 
whole diagram . Eryth ri t < d 
forms w'ith water neither 
compounds nor solid solu- 
tions, and in the crystalline 
state, erythritol and ioc 
yield mechanical mixtures 
only. 

The determination of Mol prr cut of cr:/(hritoL 

the cryoscopic constant of water, with cryThritol as soluto, gave 
the value 1 '94 for 1000 grams of the solvent as the mean of three 
determinations, which is near the thtt>retical value 1’86. This fact 

5 c* 
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Table VI. 





The cryoscopic 
constant calcu. 
lated for 100 

Grams of 

Grams of 


grams of the 

water. 

erythritol. 

AL 

solvent. 

12-3414 

0-5598 

0-724'’ 

19-6 

12-3414 

0-8648 

1-097 

19-1 

12-1644 

1-5504 

2-06 

19-6 

Mean 19-4 


confirms our conclusion that erythritol does not form solid solutions 
with water. 

Chexucal Laboratories, 

ELECTHOTECHNICAti INSTITUTE, 

pETRaoRAD, [Received, June \ith, 1922.] 


CCCXXXVIII . — The Equilibrium in the System ni* 
D in i trobe nzene-U r ethane. 

By Nicolai Anton ovkh Pushin and Alexandra Pioletova, 

Pure m- din it ro benzene crystallises at and pure urethane a I 
48‘3‘’. To determine the temperature of crystallisation of mixtures, 
as well as of the pure substances, the cooling curve was examined, 
The results are showm in the following tabic and in the figure. The 
lower curve shows the time of eutectic crystallisation. 


The sy.stem m'dinitrol>cnzene~urethane. 




Duration of 


Duration of 



the eutectic 


the putei-tif: 

Concen- 


crystallis- 

Concen- 

crystallis- 

tration 

leinperature tion m 

tration 

'rcmj>craturc at ion in 

of 

of 

of minutes 

of 

of of minutes 

urethane 

first 

eutectic for 1 

urethane 

first eutectic for 1 

in mol. crystal 

- crj'stftl- gram of 

in mol. 

crystal- eryatal- gram of 

per cent, lisation. liaation. substance. 

pf-rcent. 

lisation. lisation. substance. 

U 


90" 

75 

56-7'^ 41-6" 3-2 

10 

85-8^ 

39-5’ 0-3 

8.5 

46-8 41-9 3-.7 

20 

81-6 

42-0 0-5 

90 

43-(i 42-1 4 7 

30 

77-5 

41-0 1-0 

94 

45-0 

40 

73-6 

42-3 1-3 

!t6 

46-0 

.>0 

71-2 

41-6 1-7 

97 

46-5 

U6-7 

64 ( ? 

) -12-3 

1(H) 

4S-3" 

it will 

be seen that witli inerciteing content <4 urcthimc, \k 


tem|)eralurc of the first crystailiHation dcs*reascs from 90^ to 4-3 • 
To this range of temperature corresixinds the eutectic crystaJlisation, 
which can be followed through the whole interval from 0 to 90 iQoJ 
per cent, of urethane, Tlu^ eutecdic iK)mt corresponds probaW/ 
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to a concentration of 91 mol. per cent, of urethane. From the 
repeated detailed determinations of the cooling curve for mixtures 
conteining 97, 98, and 94 mol. per cent., we could not infer the 
existence of any eutectic crystallisation in the interval from 91 to 
100 mol. per cent, of urethane. The cooling curves obtained were 
those chaiacteristic of the 
freezing of solid solutions. 

To ascertain whether solid 
solutions were formed, a 5 
cryoscopic determination | 
was made with a solution § 
of 1’34 grams of w-dinitro- "I 
benzene in 17'10 grams of b 
urethane. The lowering of ® 
the crystallisation point of s 
urethane amounted to 2*33^. ^ 

From this the molecular con- g 
stant can be calculated : ^ 

K-1680x2-33x 17-10/1 -34 
-500. j 

The value calculated by ! 
van't Hoff’s formula from > 
the observed heat of fusion 
of urethane is .50-0. From ^ 
this agreement it is evident 
that OT-dinitrobenzeno gives in urethane a normal lowering of Ihe 
crystaUisation point, and therefore, in the interval from 91 to 
100 mol. percent, of urethane, solid solutions with »n-dinitrobenzeno 
cannot be formed. The solid phase of the system m-dinitro- 
benzene-urethane must be, at every concentration, a mechanical 
mixture. 

Chemical Laboratories, 

Electrotech24Ical Jnstitlte, 

Petrograd. [lieceivfd, Jum lith, 1922. | 


Fig. 1. 



^^'CXXXIK.— Formation of y-Alkylidme Derivatives 
from Ethylidenemaloiiic Ester. 

By Lucy Higginbotham and Arthur Lapworth, 

AL\ny hydrogen compounds, although not themselves electrolytes, 
under certain conditions take part in reactions, the gross 
results of which indicate that livdrojen atoms in these compounds 

5c*2 
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functionate as positively polar labile atoms. Thus nitromethane 
in presence of certain catalysts reacts with formaldehyde in such a 
way that the total result may be expressed by the equation 

CHj=0 + H'[CH2-N02] — ^ 

superficially a complete paraUel with the reaction between hydrogen 
cyanide and formaldehyde, 

CPl2=0 + H' + [CN]' — ► 


Whatever be the true mechanism of such reactions of non-acidic 
hydrogen compounds, it is evident that the hydrogen atom has at 
least a latent positive polar character, in every compound which 
thus simulates in its reactions the characters of an electrolyte. 
This was a generahsatiou made use of by one of us in deciding the 
polarities of the atoms in carbonyl compounds, and in deducing 
therefrom the principle of induced alternate polarities {Man. 
Manchester Phil. Soe., 1920, 64, ii, ,1). 

No doubt in many cases, perhaps in all, the equations which 
indicate the gross results of the change from which latent polarities 
of atoms have been deduced do not represent the true mechanism 
of the reactions. It is, for example, almost certain that the hydrogen 
compound is often in the first instance transformed into an isomeric 
or tautomeric form ; but the principle of induced alternate polarities 
applies rvithout taking this circumstance into consideration, and for 
the reason that in the reversible tautomeric transformations the 
atoms alter their relative position, without changing their polanties, 
alterations of polarity being usually a.s.soei.ated with irreversible 
transformations. 


The groups (Tl-NO., CH'CX, Cll-CO- are typical of a series of 
arrangements containing a hydrogen atom which is non-ionisable, 
but which ha.s latent positive polar character. The latent positne 
polar character of hydrogen dinmtly attached to carbon is shown 
in a variety of reactions, and of these there may hem be men ion d 
additive reactions with carbonyl such a.s that represented ly 
first equation in the pn-sent paper, and whiel. eorres,ionds with the 
" aldol addition process,” 


>c- 


H-lfX-'O] 


' ‘''[O-COH 


to which the ‘'crotonic aldehyde condensation- is often the 
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. +/OH 

^C<; - + — >■ ^C— [C — CO-1 + H 0 

The “ acetoacetic ester condensation,” a term generally applied to 
any reactions in which a carbonyl compound containing the group 
-CHji-CO- is condensed with an ester mth the aid of sodium (or 
potassium), its amide or its ethoxide, is a reaction typical of many 

compounds containing the group -CH^-, and applies not only to 
•CH,- in direct attachment to -CO-, -ON, etc., but also to -CH • in 
the y-position in, for example, ethyl crotonate and in the corre- 
Spending y- or ortho-position in o-nitrotoluene : 

+ “ +7+ +-+ 4-- 

X-OEt -f H-C-H -> X-C-H -f H-OEt. 

In nearly all the cases above mentioned, reactivity is associated 
with induced alternate polarity effects originating in oxygen or 
nitrogen atoms situated in certain positions elsewhere in the 
molecule. It is possible, however, that the true function of the 
polarity induced by the oxygen or nitrogen atoms is simply an 
auxiliary one, merely rc>inforoing a reactivity, already inherent in 
a certain configuration of the molecule but difficult to detect. 
Were the induced polar character of the hydrogen atom the sole 
origin of the “ aldol addition process,” the '“crotonic aldehyde 
condensation,” ortho acetoacetic ester synthesis,” then compounds 
such as the acetals of aldeliydes and ketones would be expected to 
undergo analogou.s changes ; for example — 

CeHj-CH:0+H,CH-Cil<|*{;;[ t), ;-H,0, 

but no case of the extension of such reactions to acetals has hither- 
to been observed, and special attempts made by the pre.sent 
authors to condense ordinary acetal witli benzaldehyde, ethyl 
oxalate, or ethyl nitrite gave entirely negat i ve results. The authors 
have also attempted to condense ethyl oxalate and alkyl nitrites 
with w-toiyi methyl ether (II), and with orcinol <limethyl ether 
(III), but again without success, although a strong induced polar 
effect on the hydrogen atoms of the methyl group was to be exjjectcd; 
('specially in the last-named ease, a definite induced positive polar 
character having already been established for halogen in the 
?/i-methoxy-benzyl bromide (I) corresponding witli the former 
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CHj-Br 

CHa 

1 

-+ 

+1 + 

A 

A 

ii -1 


!! II 

1 1+ +! 

dO 

(II.) 

(III.) 



/^i CH 

(IV.) 



Furthermore, the reactions in question have been found to take place 
with compounds which contain carbon and hydrogen only; penta- 
diene (IV) and indene (V), for example, yield benzyUdene, oxalyl, 
and isonitroso-derivatives {Ber., 1895, 28, 1501; 1900, 33, 666, 

771,3395). ■ j ^ .L 

For such reasons as these, the authors are mchned to the view 
that the capacity of esters like ethyl crotonate to condense with 
ethyl oxalate (and also, as will be shown in the present paper, with 
aldehydes) in the y-position, is really conditioned by the presence 
of the group -CHj— C=C- or, perhaps, more generally, of the 
group and to suppose that the reactivity of this ^up 

is usually insufficient unless enhanced, (1) by duplication within 


a ring. 


chX 


A'=B' 

I . 

A=B 


as in pentadiene and indene, or (2) by induced polarity effects, as, 
for instance, when B, or an atom suitably placed but still further 
removed, is oxygen or nitrogen. 

Direct condensation of aldehydes with open-chain aliphatic 
carbonyl compounds at any point in the latter other than the 
a.DOsition with regard to the carbonyl group has been observed only- 
in the experiments of Raper (T., 1907 , 49, 1627) and of Smedley 
{ibid 1911 obtained, from crotomc aldefayae and 

from’aldol,’compounds with normal chains of eight carbon atoms 
indicating the occurrence of condensation at the y-^ition wi h 
regard to one carbonyl group. In alicycUc compounds, two fair y 
clear cases are known : thus 

yield an xy-dibenzvlidene derivative (Wallach. Annolen, 1913, 397, 
216). and piperitone a y-monobenzylidene derivative (S.mon^n, 
T., 1921,119, 1648). The formation of these products is m see 
ance with the principles stated above. . . , 

•In the present paper are desetibed the resnlts of expen 
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with the object of adding to the examples of this type and of securing 
further evidence as to the course they foUow. In the aromatic 
series, the nearest analogue to the reactions studied is the pre- 
paration of a benzylidene derivative from 2 : 4.dinitrotoluene fier 
1904, 37, 4463). 

Ethyl crotonate does not yield a y-benzylidene derivative, but 
ethyl ethylidenemalonate, 



+ - 


which differs only in having an additional car both oxy-group attached 
to the same carbon atom as the first, has been found to react with 
aromatic aldehydes in presence of catalysts such as concentrated 
sulphuric acid, yielding y-alkylidene derivatives : 

Ar‘CH:0 +CH3-CH:C{C02Et)2 Ar'CHiCH-CH.-CiCO^Etlg +H 2 O, 

The esters, the first products, were not themselves isolated owing 
to practical difficulties in effecting their purification, but the corre- 
sponding acids were obtained on hydrolysis of the crude product 
and, in one or two cases, in yields which amounted to 50 per cent, of 
those theoretically possible. This was the case w'hen benzaldehyde 
was used and also with anisaldchyde, from which the new acid, 
^■meihoxycinnamylidenemcdonic add w'as obtained, indicating that 
the following reaction had taken place : 

CH:0 CHX'H-CHlCICOjEflj 

/\ /\ 

I I -fCH,-OH:C(CO,Et), H,0+ I | 

Y Y 

OMe OMe 

Piperonal offered greater practical difficulties and the yields of 
condensation product were smaller, but piperonylmalonic acid and 
from it piperic acid w'ere successively obtained and identified. 

The product to be expected by the condensation of the ester with 
cinnamaldehyde would be of very considerable interest because of 
the long series of conjugate linkages which it would contain, 

CeH5-CH:CH-CH:CH*CH:('(C02Et)2, 

but, SO far, this or the corresponding acid has not been isolated. 

Experimental. 

Ethyl Ethylidentmnhna((> and Bejitaldekydf . — These compounds 
were mixed in the proportion 5*5 gi*ains of the former and 3 gram |4 
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of the latter, six drops of concentrated Bulphnric acid were added, 
and the whole was shaken. The mixture at once turned brown and 
a slight rise in temperature took place. To complete the reaction, 
the mixture was heated for one hour on the steam-'bath, and the 
product was finally subjected to treatment with a current of steam 
to remove excess of benzaldehyde, boiled with . excess of dilute 
aqueous sodium hydroxide for about an hour, and tfie resulting 
solution filtered from a little tarry matter. On addition of dilute 
sulphuric acid to the filtrate, a pale brown solid was formed, the 
quantity corresponding with a 50 per cent, yield of cinnamylideTie- 
malonic acid ; it crystallised from boiling alcohol in needles, meltiiig 
and decomposing at 212° (Liebermann, Ber., 1895, 28, 1439, gave 
the melting point as 208°) {Found : C = 65-6; H ^ 5-1. Calc., 
C = 66*1 ; H = 4-5 per cent.). The equivalent, determined by 
titration against N /10*sodium hydroxide, was 109-5 ; a dibasic acid 
of the above formula requires 109-0. 

Ethyl Ethylidenemalonate and Anisaldekyde.. Eorniatio7i of j). 

OMe'CgH4‘CH.CH*OH,C(C02H)^„ 

These compounds, in the proportion of 1 -30 grams and 1-86 grams, 

respectively, w-cre mixed and shaken w ith four drops of concentrated 
sulphuric acid. The whole was w-arnied on the w'atcr-bath as 
before, purified in a current of steam, and hydrolysed by dilute 
aqueous sodium hydroxide, the solution cooled, filtered, and acidified. 
An orange-coloured precipitate of p^jnefko.rycinnamylidefiefmloAc 
acid was obtained, in quantity amounting to about 55 per cent, of 
that theoretically po.ssible (Found : i' — 09*1 ; H ~ 5-1. Fi 3 Hj .,05 
requires C =- 004; H -- 4-7 per cent.). The equivalent found was 
125, that required for a diba.sic acid, C 13 HJ 2 O 5 , being 124. 

The acid di.s.solves readily in alcohol, acetone, glacial acetic acid, 
or ethyl acetate, less readily in cliloroform, and is sparingly sohiblc 
in light jK‘troleiim. It crystallises from ethyl acetate in orange- 
coloured needles, molting and decompasing if heated slowly at 
189°; but if the containing capillary tube be plunged into a batli, 
the acid <loes not melt at once unlcs.s the temperature of the liquid 
in the bath is 203', and this may therefore l>e assumed to bo the 
correct melting point. A solution of tlie acid in dilute sodinni 
carbonate discharge.s tfio colour of potiissium permanganate very 
rapidly, and tlie odour of ani.saldeliyde k'comes perceptible. IMien 
the acid is heated in a vacuum, it loses carbon dioxide and a pale 

■ yellow solid distils; this is no doubt p-mtdhoxycinnaniyluleneacetic 

acid, but was not closely ebaraeterised. 
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Kihyl Ethylidenemalonate and Piperond. 

(With CiJAHT.ES Sdipson.) 

When equiraolecular proportions of ethyl ethylidenemalonate and 
piperonal are mixed and warmed vith sulphuric acid {about one 
drop for each 0-8 gram of the mixture) at 60^ for three hours, and 
the product then treated as in the experiments already described, 
a mixture of acids is obtained, which, calculated as piperonylene- 
malonic acid, represents about 37 per cent, of the calculated quantity. 
This, however, is not a uniform substance, and after being purified 
by solution in aqueous sodium carbonate, rcprecipitation with 
dilute sulphuric arid, careful washing and drying, gave the following 
analytical results ; C = fid O, 64*5; H — 3*7, 3*8. The equivalent, 
determined by titration against N / 10-aIkali , was 1 87 . These results 
correspond fairly well with the assumption that the material is a 
mixture of piperonvlenejualonic acid, 

('H2O2:0cH3'Ch:ch-ch:c(CO2H)2 
(Calc., C “ 59*5; 3*8 per cent.; equivalent = 131), and 

piperic acid, CHoOgICgHg'CHICH'CHXlH *00211 (Calc., C = 66*1 ; 
H = 4*6 per cent. ; equivalent — 218) in the proportions 3 : 7. There 
can be little doubt that this roughly represents the character of 
the acid product, as when it is boiled with a large quantity of hot 
water, the filtered solution on cooling deposits a bright red powder 
which melts at 200 — 204®. and is fairly pure piperonylenemalonic 
acid, Scholtz {Bn., 1895, 28 , 1189) describes this acid as crystalline, 
.separating from alcohol as a brick-red mass of small needles melting 
at 205 — 206°. A.s a complete separation of the two constituents was 
not found practicable, the mixture was boiled with a large excess 
of acetic anhydride, which, according to Scholtz, converts the 
dicarboxylic acid into piperic acid; in this manner, the mixture 
yielded rather more than one- half its wTight of piperic acid (Found : 

65*4; H — 4*0 |ht cent.). The piperic acid separated from 
hot water, in which it was sparingly soluble, as a yellow*, micro- 
erystaliine powder melting at 210^ 

E(hyl h'tkylideuerndojwlr and other Aromatic A WfAyc/c**.— Experi- 
ments w'crc made on tlie ccHidensation of the ester with salicyl- 
aldehyde and cimiatnaldehydc and there was evidence that 
condensation takes plaet' in both instances, but tlio nature of the 
crystalline products obtaiiuxi has not yet been decided; their 
investigation will be continued. 

Experiments on Acdal, on m-Tolyl Methyl Ether, and on Orcind 
Idmethyl Ether. — ^fany attempts were made to bring about reaction 
between these three compounds and aldehydes, ethyl oxalate and 
alkyl nitriU' in pn^senco of nger^ts such as sodium, potassium, 
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potassiuni ethoxide, and sodanude, with some expectation that the 
methylene group of the acetal and the methyl group attached to the 
nucleus in the two ethers would exhibit reactivity. Only traces, 
if any, of products with the characters expected were isolated. The 
significance of these uniformly negative results is referred to in the 
introductory section of this paper. 

The authors’ thanks are due to the Department of Scientific and 
Industrial Research for grants (to L.H. and C.S.) which enabled 
this work to be done. 

Organic Chemical Laboratories, 

The University, Manchester. [Received, Nwember 3rrf, 1922.] 


CCCXL.— TAe Isoelectric Condition of Gelatin, 

By SiDNEV Owen Rawling and Walter (^ark. 

According to the theory of amphoteric electrolytes as put forward 
by Michaelis it is readily shown that at the isoelectric point the 
concentration, of hydrion is given by the relation 

where and A"* are the acid and basic dissociation constants of 
the amphoteric electrolyte and is the ionic product of water 
(compare Pauli's “ Colloid Chemistry of the Proteins,” p. 41). 
Consequently, the hydrion concentration at the isoelectric point 
should, at a given temperature, be a constant, quite indei)endent 
of the dilution of the amphoUde electrolyte. Pauli and Samec’s 
experiments (Pauli, op. cit., p. 38) on the precipiUtion of senim- 
albumin by alcohol from solutions buffered by sodium acetate- 
acetic acid mixtures do actually sliow that the hydrion concen- 
tration of the point of maximum precipitation is independent of the 
concentration of the protein over a considerable range (0-2— 10 
per cent, of albumin). Similar results have been obtained by 
Michaelis and by Pauli and SanuHi in electrophoresis experiments 
(Pauli, op. cil., p. 41). 

Theory further shows that at the isoeiectric point the undis- 
sociated fraction of the anipl>olyte, that is, the ratio of tlie number 
of electrically neutral particles to the total concentration, is at a 
riiaximum (Pauli, op. cit.. p. .?!). The results of numerous expen- 
menta indicate that the occurrence of a maximum number o 
neutral particles will be expressed by a minimum (or maximum , 

• In the CM* of precipitation by alcohol, the amount. of pn-cipimic i* * 
maximora *t the i^lcctric point. • 
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in the curve ghowuig the relation between viscoaity (or Mne other 
physical property) and hydrion concentration. Pauli and Matnla 
(Trans. Faraday Soc., 1913, 9, 34; KMM Z„ 1913, 12 222 ) found 
that for a 1 per cent, gelatin solution at 35 °, buffered ^th sodium 
acetate-acetic acid mixtures, this minimum occurs at n = 4 7 
which agrees with the hydrion concentration of the isoelectric point 
of gelatin as determined by electrophoresis, also in buffered solutions 
(Michaelis and Grineff, Biochem. Z., 1921, 41, 373 ), 

This value of Pa = 4'7 for the point where solutions of gelatin 
show a minimum or maximum with respect to some particular 
physical p'roperty has often been confirmed in recent years, a number 
of different acids having been used to impart definite hydrion 
concentration to the various .solutions. For example, Loeb states ■ 
that for 0-5, I’O, and 2 0 per cent, solutions of gelatin hydrochloride 
the relative viscosity is a minimum at the isoelectric point p = 
4'7 (J. Oen. Physiol., 1921, 3, 827) ; that the viscosity and swelling 
curves of 1 per cent, solutions of gelatin .show a minimum at n = 
4’7 [ibid., 1918 19, 1, 363) ; that the swelling is a minimum at*the 
isoelectric point, = 4-7, for 1 per cent, gelatin solutions con- 
taining nitric, hydrochloric, trichloroacetic, phosphoric, oxalic, 
suiphuric, tartaric, and citric acids respectively {ibid., 1920, 3, 247)* 
In fact, all through his many papers, Loeb states repeatedly "that 
the various physical properties of gelatin solutions show a minimum 
value at = 4-7. Similarly .Miss Lloyd’s results for the swelling 
of gelatin in hydrochloric acid solution {Biochern. J., 1920, 14, 147) 
indicate a mimmum at 4 7 {compare Atkin, J. Soc. Leather 
Trades Che.m., 1920, 4, 248). Other evidence has been adduced 
by Bogue (J. Amer. Chem, Soc., 1922, 44, 1343 ; J. Ind. Eng. Chem 
1922, 14, 22 ; J. Franklin Inst., 1922, 193, 79 o), etc. 

Since the same minimum point is obtained irrespective of the 
acid used, one would conclude that gelatin behaves in the same 
way towards both strong and weak acids, at all events in the low 
acid concentrations which art' necessary to bring the solution to, 
or near to, the isoelectric point. The results of Wintgen and 
Kriiger {KoUotd Z., 1921, 28, 81) and Wintgen and Vogel {ibid., 
1922, 30, 45) indicate also that towards hydrochloric acid gelatin 
acts as a mono-acid base (compare also Lloyd and Mayes, Proc. 
Hoy. Soc., 1922, [B], 93, 69). 

In practically ail the experiments where single acids were used 
instead of buffer mixtures, attention has been directed only to the 
hydrion concentration produced in the protein solution and to the 
corresponding value of a particular physical property, and, as seen 
from the results already quoted, the minimum point in, for example, 
the viscosity curves of gelatin occurs at the same Pn {= 4 7 ) for 
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«e»centration8 of the proteing, thus agreeing with the 
results ohtoised in buffered solutions. In these experiments with 
non-buffered solutions, no account seems to have been taken of the 
quantity of acid which was necessary to produce, for example, a 
ini ninmim viscosity at various concentrations of gelatin, it apparently 
being assumed, in accordance with theory, that .this quantity ig 
independent of the concentration of the ampholyte {compare 
Pauli, op. cit., p. 41). Pauli and Saraec {ihid.^ pp. 42-— 43) have 
investigated this point by studying the viscosity curves for gelatin 
and the alcohol precipitation of serum-albumin. The results 
obtained for the viscosities of gelatin in the presence of sulphuric 
acid ht 35° are given in the following table, where i and are the 
times of flow of the solution and of an equal volume of water respec- 
tively through the viscometer, that is, <//q is the relative viscosity. 

Table T. 


Concentration 

1-09% 

Gelatin. 

0-659% 

Gelatin. 

0-33% 

Gelatin. 

of acid. 


til,. 

tft,. 

0 

1 485 

1 218 

M13 

5x10-* 

— 

1-241 

MU 

IxlO-* 

1-453 

1-237 

1109 

2 X 10-* 

1-445 

1-233 

MU 

2-5 X 10-* 

im 

1-234 

M13 

4X10-* 

1-448 

1-241 

M18 

5X10-* 

1-453 

1-245 



Tlie minimum viscosities are printed in italics, and, assuming 
that the measurements are to be trusted to the third place of decimals, 
it will be seen that as tlm concentration of the gelatin increases the 
concentration of acid necessary to produce a minimum viscosity also 
increases. Similar n^sults were obtained in the precipitation of 
albumin by alcohol. If these points of minimum \d8cosity have the 
same p„, "agreeing with that of the isoelectric point, then the 
results are not in accord with theory. Pauli and Samec give no 
record of the Pn nmas\ircments, so we have repeated their experi- 
ments, at the same time measuring the of solutions of minimum 
viscosity. Our rc.^ults (sec cxix^ri mental part) arc in agreement 
with theirs, and, in addition, it is found that the is the same 
( = 4*7) for all solutions of minimum viscosity. Experiments made 
with acetic acid in place of sulphuric acid gave similar results. 
Because of the discrepancy between theory and experiment 
■ the question was reconsidered from the })oint of view of Sir James 
Walker’s theory of amphoteric electrolytes {Proc. Roy. Soc., W, 
[A], 73 , 155). For the sake of simplicity, the external acid addw 
to gelatin solution is supposed to bo a strong, monobasic acid^ 
If gelatin be considered as a simple amphoteric electrolyte, i 
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may be represented by the formula HXOH. Let an external aoid 
denoted by &e formula HA, be added to the solutiom The in’ 
dividuals in the solution will then be ■ 

H-, OH', XOH', XH- HXOH, X, A', HA at the respective eon- 
centrations a, 6, c, d, e, /, ff, h. ^ , 

A ealt of gelatin HXA, uf th the acid will also be formed, but it has 
been shown by Manabe and Matula (Biochem. Z., 1913 52 3095 
that when hydrochloric acid up to a concentration o’f 0-05A is Llded 
to a 1 per cent, solution of gelatin, the salt formed may be con 
sidered as completely dissociated, and in this discussion of the effect 
of adding acid to gelatin the concentration of the undissociated salt 
is neglected. » 

The conditions governing the equilibrium in the solution are 
expressed by the following equations : 


ab = 
ac = Kofi 


( 1 ) 


whence 6 — 

a 


c 


a 


b(l ^ Kit .... (3) cl= ^ 

cd = QP (4) 

X7i (5) ^ ^ 

K 

a + d - b ; e i- f/ . . . (6) for electrical neutrality 

where A, is the ionic product fur water, A. the acidic dissociation 
constant for the amphoteric electrolyte, Ki the basic dissociation 
constant for the amphoteric electrolyte, K the dissociation constant 
of the acid added, and § is a constant. 

^Substituting in equation (G) for b, r, and d, wc have 


w!inic(' 


a 

:/ 


AV'/ _ A „ , 

“ a ' a 




at is to say, is a straightdiiio fiuu tion t>f c for any particula: 
value of o, and therefore (ij -j- h), w liicli e.\|ircssos the total amoum 
of external acid present per Utixq is also a straightdine function of e 
since h = ag/K, 


At the isoelectric point, c becomes equal d (according to defini* 
tion) and the expression within the bracket becomes zero, that is, 
t c amount of external acid to be added in onler to bring the solution 
the isoelectric point is independent of any factor connected with 
the oonoentration of the ampholyte! 



2834 


RAWUNQ AND CLARK : 


If the concentration of hydrion, a, is less than that ^hioh 
obtains at the isoelectric point, the expression within the bracket 
will be negative, that is to say, the amount of external acid to be 
added in order to make the value of a less than that which holds 
at the isoelectric point will be smaller as e increases. On the other 
hand, for values of a greater than that of the isoelectric point 
(gf 4- A) increases as e increases. 

In the above deductions e may be replaced by the total concen- 
tration of the ampholyte for any given value of a, since e is then 


Fig. 1. 



proportional to the total concentration, as may be seen from the 
following ; 

The total concentration of ampholyte is* 

c -f d -f € f - A'a^/Vi 4 nKi,rjK^ |- c -f e^/{K^^K!,|K^Q) 

-- const. A c for a given value of a. 

It follows that for solutions of an ampholyte, acting simply as a 
raonoacid base and a monobasic acid, to which an external acid is 
added, if we plot total concentration of acid present against the 
hydrion concentration of the solution for various concentrations of 
ampholyte, a series of curves should be obtained which intersect at 
a value of a corresponding Vith the isoelectric point of the 
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ampholyte. In the diagram,* Fig. 1, the curves are numbered 
1, 2, and 3 to indicate increasing concentration of ampholyte. To 
obtain a hydrion concentration, more acid is required for solution 
1 than for solutions 2 and 3. The value corresponds with the 
isoelectric point, and at this point the amount of acid is independent 
of the concentration of ampholyte. For of the curves have 
crossed, and it requires more acid for a greater concentration of 
ampholyte. 

This appears to be the principle of Sorensen ’s method (Z. Physiol. 
Chem., 1918, 103, 192 ; compare Pauli, op. cit., p. 52) of determining 
the isoelectric points, but his method of deduction i.s much more 
complicated than that given here. It should also hold for a dibasic 
acid such as sulphuric acid and also for weak acids ; in fact, ydrensen 
uses it for determining the isoelectric point of egg albumin in the 
presence of a mixture of sulphuric acid and ammonium sulphate, 
wliich he considers to be mixtures of the acid with the 

salt NH 4 {NH 4 S 04 ). 

The experimental n;sults obtained with gelatin and sulphuric 
and acetic acids do lujt agree with this theory, since the amount of 
acid necessary to give niinimum viscosity and of 4*7 increases 
as the concentration of the gelatin increases. It remains to find an 
explanation for this. 

Pauli {op. cit.f pp, 45— 4b) stales that in gelatin-hydrochloric 
acid mixtures the hydrion concentration at which non- preferential 
migration of the protein occum in electrophoresis experiments is 
far below that at wliicli the same condition occurs with regulator 
(buffer) mixtures. From this and other evidence, he concludes that 
strong acids Imhavc differently from weak acids towards proteins. 
Examination of his results shows, however, that he really finds that 
strong acids differ from regulator mixtures, since the action of weak 
acids atone, that is, not in the pn.‘sence of their sodium salts, was 
not investigated. Our rt*sults show that acetic acid gives the same 
anomalies as sulphuric acid. Also the many results of Loeb and 
others show that when strong and weak acids which dissociate into 
two ions are compared at the same pii they have the same effect, 
and that dibasic and monobasic acids have similar effects, although 
the quantitative results arc different. 

Pauli explains the anomalies to wiiich ho directs attention by 
assuming that in the presence of strcuig acids certain basic groupings 
in the protein molecule are brouglit into action which are not 
affected by weak acids or by regulator mixtures. It is plausible 
t))at such a diffenneo may e.xist Indween the action of stifing acids 

* The curves »it*y not U' straiglit- liucj* wtiJolly, but llio diagram is oiily 
uiemit to illustrate the imrticular point'at issue. 
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and regulator mixtures, owing to the presence of the neutral salt 
in the latter, but it is difficult to see why there should be a difference 
in kind rather than in degree between the action of strong and weak 
acids. If this difference of degree is accepted, the observed be- 
haviour of sulphuric and acetic acids can be explained ; * more of 
the sulphuric acid than of the acetic acid will be used up in making 
active the extra basic groupings, but owing to the smaller dissociation 
of the acetic acid more of it will be necessary than of the sulphuric 
acid to produce the effect which leads to the isoelectric condition. 
The actual quantities of sulphuric and acetic acids necessary to 
give minimum viscosity and the same may therefore conceivably 
be approximately the same, as in our experiments. 

In working with gelatin, it must be remembered that it is very 
probable that we are dealing, not with a pure substance, but with a 
mixture of a protein and its degradation products. Suppose we 
have a mixture of two ampholytes, the one of which has its iso- 
electric point at 4 '7 and the other at 8‘0, and that the amount 
present of the former is greatly in excess of the latter. It seems 
probable that when submitted to electrophoresis such a mixture 
will show equal and opposite electro-diffusion (as measured by 
Kjeldahl estimations t) at a pn, of 4-7, but of some higher 
value (lower hydrion concentration). In this case, the isoeleetric 
point, as determined by electrophoresis, would be of a p,, inter- 
mediate between the is(>clcctric point of the ingredients. This 
would explain Pauli s results with^ gelatin-- by drocldoric acid 
mixtures, especially since he used gelatin wdiich had been dialysed 
for a very considerable time, and in which degradation product.'' 
would be present, but it would not explain an isoelectric point of 
4’7 ^vith regulator mixture.'^. 

Consider now the case of minimum viscosity in our iiypothetical 
mixture. The minimum viscosity is supposed to occur when the 
maximum number of neutral particles is present aud tliis condition 
with a simple ampholyte occurs at its isoelectric point. 

The state of affairs i-xisting in our mixture may be indicated 

diagram matically (Fig. 2). i i , • 

The concentration of neutral particles duo to eacfi ampholyte is 
plotted against and the sum, shown by the thick curve, gives 
the total concentration of neutral particles. Again the maximum 
.Kicurs between the isoelectric r>oints. Von Schroi.icr [Z. physikoL 
Chem., 1903 , 45 , 75) has shown that the vi.scosity of the dcgradatioi 


* Paul! and HirHchfold {B^ochan. Z. 19U, 82. 245) fouiid 
conentrafon of mid moro .ulphuno than acot.c ac.d 
f Total nitrogen estimationi alone do not m any way tell 
the Hifftming material. 
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products of gelatin is much lower than that of undegraded gelatin 
and therefore, in the case of gelatin, it is reasonable to assume that 
the viscosity will be more affected by the neutral particles of the 
unhydrolysed protein than by even an equal concentration of such 
particles of the degradation products. The viscosity minimum of 
the mixture would therefore most likely occur much nearer to the 
isoelectric point of the unhydrolysed protein than to that of the 
degradation products; it may practically coincide with the iso- 
electric point of the undcgraded gelatin, as is actually found to be 
the case. The non -coincidence of the point of equal and opposite 
electrophoresis with that of minimum viscosity in the case of strong 
acids may thus be explained. 


Fio. 2. 



10 X P K R I M K N T A L. 

The gelatin used throughout these experiments was very kindly 
supplied by l)rs. ^fecs and Sheppard of the Kodak Research Labora- 
tory. It liad been prepared by electrophoresis methods as described 
by Sheppard, kSwett, ami Jh iiedict {J. Amer, Chem. Soc.^ 1922, 44f 
1858) and was stated to contain not more than OT per cent, of ash ; * 
our analyses contirmed this statement. 

The solutions of whicii the viscosities were to be measured were 
made as follows. The amount of g<datin required to give 100 c.c. 

* Gelatin whirli i.s practically and which is often prepared by 

methods depending on first obtaining nn isoelectric solution of gelatin, seems 
to be commonly spoken of as uodcctric gelatin. This is a misnomer, since 
theoretically, isoeloetrie gelatin can only exist in a solution containing extra 
hydrion supplied by an external acid. S\U'I\ gelatins should always be spoken 
of 03 ash-lesa or ash-free gelatins. 
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of a solution of definite strength (calculated as moisture-free gelatin) 
was weighed out into a 100 c.o.* fia^. About 76 c.o. of freshly 
boiled and cooled distilled water wctc added and the whole was then 
heated in a water-bath from room temperature to 75® in twenty 
minutes (compare Davis, Oakes, and Brown, J. Amer. Chern. Soc.^ 
1921, 43, 1526). In the cases where acid was added, the addition 
was made at this point in the procedure. The volume of the solution 
was then made up to 100 c.c. with water at 75® and the solution 
quickly filtered by the aid of the pump, using hardened filter.paper. 
The filtered solution was placed in a flask in the thermostat at 35-4° 
and a sample pipetted into the viscometer held ready in the same 
bath. 

For measuring the viscosities, a capillary viscometer of the 
Ubbelohde type, working under a constant head of pressure, was 
used (compare Hatschek, Laboratory Manual of Elementary 
Colloid Chemistry,” pp. 100—103; Hess, Kolloid Z„ 1920, 27, 154). 
The viscometers were carefully calibrated with water at 35 '4°. In 
the case of two of them, the times of flow with water were 64 and 
82*2 seconds, respectively, using a head of pressure of 34-9 cm. of 
water. Experiments made with a different head of pressure, using 
the quicker-running instrument, showed that errors due to eddy 
currents did not occur, and therefore were much less likely to 
occur with gelatin solutions. For example, with a head of pressure 
of 20 cm. of water the product of pressure and time of flow wa.s the 
same as that obtained for a pressure of 34-9 cm. In order to eliminate 
errors as far as possible, the same viscometer was used for the whole 
of any one series of measurements. Unfortunately, owing to 
breakages, which readily occur during cleaning, it was not possible 
to use the same viscometer for all the series. 

A temperature in the neighbourhood of 35 was chosen for the 
measurements in order that the viscosity of the solutions should 
not alter on keeping for some time in the thermostat, and abo 
for comparison with Pauli and Samec's results. In this way it was 
possible to make several observations of the time of flow mth the 
same solution. For example, the same 1 per cent, gelatin solution 
at 12.30, 1.35, and 1.57 p.m. gave times of flow of 106-1, 106-2, and 
106-2 seconds, respectively. Rogue’s figures ( J . Amer, Chem. Soc., 
1922, 44 , 1319) for a 2 per cent, solution at 35® also show that for a 
range of' p„ values such as those used in this investigation the 
viscosity values do not vary over an interval of two or three 

hours. , , 

The results obtained for l o, 1-0, 0-156, and 0-33 per cent. aoluhon>, 
containing sulphuric acid, an? given in Table II, the visew^ities ing 
expressed in centipoises. The .curves showing the relation w "ii n 



THE ISOELECTEIC CONDITION OF GELATIN. 


2839 


the viscosity &iid th© coucentration of acid in the solution are given 
in Fig. 3. 

In the neighbourhood of the minimum point, the viscosity changes 
very little with alterations in the amount of acid added to the 
solution. The experimental method used does not permit of a 
greater accuracy than about 0-3 per cent., so that in repetition 
measurements it is possible to obtain figures which indicate either 
a minimum or else a region of practically non-varying viscosity. 
If such variations did occur, however, it was found that any 
minimum indicated in one experiment always occurred in the region 


Fia. 3. 



of non -varying viscosity obtained in repetition experiments. By 
comparison of the various results, the positions of the minima have 
been fixed, it is believed, within an accuracy of about 1 c.c. of 
A’/lOO-acid. The minima are indicated by being printed in italics. 

The results obtained are thus very similar in type to those of 
Pauli and Samec, although, if they are plotted as in Fig. 4, it will* 
be seen that they do not agree, probably because different kinds 
of gelatin were used. Our results further indicated that the 
amount of acid necesvsary to give a solution with minimum viscosity 
varies directly wdth the concentration of the gelatin, but it would 
be premature to take this relation as proved. 

In contradistinction to Pauli ai¥l Samec, measurements of the 
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hydrion concentration of solutions showing a minimum viscosity 
and also of some other solutions have been made. Hydrogen 
electrodes of the type employed by Lloyd and Mayes (loc. c»7.) were 
used, and in every case determinations were made with two difierent 
and freshly prepared electrodes. The point only of each electrode 
was allowed to touch the solution, and measurements were made as 
soon as possible after contact. It will be seen (Table II) that in 


Fia. 4. 

Po\ni* represented by circlea are values taken from Table JI ; thoae represented 
by crosses are t'alues obtained by Pauli and Samec, Table /. 



Concentration of sulphuric arid necessary to give 
visrositij. 


each case the solution showing minimum viscosity has a /)j, of 
4 .( 5 — 4 . 7 ^ that Is, the isoelectric jwint is independent of the con- 
■centration of the gelatin. I/^eb’s !nea.surements were generally 
made at 20® or 24®. aiul in all cases he found 4-7 as the of the 
isoelectric point. Tfie value seems to he the same at 35®, but it 
would only bo safe to say that within the limits of error of expm- 
ment the value remains the same over the temperature intrnji 
indicated. Davis and Oakc^s (./. Atncr. Chm. Soc., 1922, 44, 478) 
find that at 40 ’ the minimum v^ilue of the viscosity for 1 per cent, 
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solutions is at pn anomaly requires further investi* 

gation. 

The results obtained for the viscosities of gelatin solutions were 
repeatedly checked, but it was thought advisable to cany out a 
new series of measurements, making up the solutions in a different 
way. A stock solution of 2 per cent, strength was zn^e by dig. 
persing the gelatin in water at 70°, and, after filtering, was placed in 
the thermostat at 354°. Fifty c.c. were then pipetted into a 100 c.c. 
graduated flask and diluted to the mark with water and the required 
amount of dilute acid. The diluted solution was then heated to 
70°, in order rapidly to attain equilibrium after diluting (compare 
.\ris 7 ., KoU. Chem. Beihejte, 1915, 7, i), and again placed in the therm, 
ostat, the viscosity then being measured when the temperature had 
reached 354°. Solutions of 0*00 and 0*33 i)er cent, strength were 
similarly prepared. This method of preparation will give slightly 
w*eaker solutions than those of the corresponding strength made by 
the first method, so that the viscosities will be somewhat lower. 
This is of no importance, however, since the object of the experi- 
ments was simply to find the connexion between the hydriou 
concentration and the minimum viscosity; the method has the 
advantage of using the same sample of gelatin for each series of 
measua'menty, and it is well known that gelatin is a very difficult 
substance to sample satisfactorily. 

The results are given in Table 1{ under the heading “ Method 'L ' 
and it will be seen that they agree with those found by the fir?t 
method. 

Table III gives the results of measurements made when acetic 
acid w*as used, and it will bo .seen that the quantities of acid necessary 
to produce a minimum viscosity arc approximately the same a:; 
those of sulphuric acid. 

'Iaulk ill. 


Acetic acid and gelatin. 


Concent TR lion 

Vi^odities ffirst method only). 




of acid. 

1°() gelatin. 

0*66%. 

0*33%. 

0 

1042 

0*942 

0*8375 

2x10** 

1020 

0*933 


4 X IO-* 

l-00,"» 

om 

0*838 

() • pr-* 


0*942 

0*840 

8 X lO'* 

lim2 

0-946 

0*843 

10 X 10 < 

1*002 




POOO 



UxllH 

1 008 




In 1 per cent, solution in which the concentration of acetic 
%cid waa 9 X 10"* the was 4-65. 
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In acoo^nce with theory it was further found that when a 
solution of gelatin, made isoelectric (u,, = 4.71 » 

or sulphuric acid, was diluted to twice or three times its'^otr te 
remained constant within the errors of measurement. 

Summary. 

1. The minimum viscosity of gelatin sols occurs at a u of i 7 

at 35 * 4 “ with both strong and weak ac^ids ^ ^ 

2. The amount of acid reiiuired to produce the minimum viscosity 
i„ a given volume of gelatin sol i., not independent of the con..entm 
tion of gelatin, but appears to be a straiglit-line function of it 

3. The amount of sulphuric acid required to produce minimum 

viscosity IS approximately the same as the corresponding amount of 
acetic acid. ° 

4. The fact that in some cases ti.e point of non-preferential 
waudermg of protein under the action of an imposed EMF 
occurs at a p„ above that at which minimum viscosity occurs may 
be due to the presence of basic degradation products of the protein. 

The authors are indebted to Dr. T. Slater Price, at whose sugges- 
tion this work was undertaken, for much valuable criticism and 
advice. 

UBOI1.1IOBIES OF THE BeITIsH PhoIOGRAPHIC RESEARCH ASSOCUWOK. 

4^/^^ 1923.J 


CeeXLL— T /d Arhoi'inion of Rndium-h and Eadium-C 
hij Ferric Hythuvidr. 

B\ doHN Arnold Cranston and Koblrt Hutton. 

It ha« hvvn shown that ferric liydroxidf^ adsnrlis (!ioriuni-ue and 
(honum-C in proportions varying regularly with tlii‘ acidity of 
the solution {Cranston and Bumett, T., 1921 , 119 , 203 b), When 
the acidity waa plottH against the atomic ratio Th-£/Th-C 
adsorbed, a curve was obtained having an inflexion at a point 
corresponding with the radioactive equilibrium ratio of thorium-B 
to thorium-C', 

it appeared im4M>rtant to find out whether a mixture of their 
isotopes, radium-B and radium-C, respectively, behaved in a' 
similar manner, showing a point of inflexion corresponding with 
le sanie ratio, or whether a point of inflexion occurred corresponding 
^ the different equilibrium ratio of radium-J? to radium^C, 
ts has now been done and the latter found to occur. 
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The ratio of radium-fi to radium-C after adsorption was found 
from the decay curves by comparison with a series of decay curves 
calculated for mixtures of radium-£ and radium-C^ 

The activity at time ' ( ’ is given by the expression 

Aj — Aj 

where (Jq and Pq — No. of atoms of radium-C and respectively, 


Fiq. 1. 



Time in minutes. 


present initially, and Aj and Xj = radioactive constants for radium J 
and -C, respectively. 

A series of these curves is shown in Fig. 1, where 
constant value 100 and Pq varies. Hence from the sba])e of any 
experimental decay curve, it is possible to obtain the ratio Ra-5/ 
Ra-C present initially by comparison with the theoretical curves. 
In practice, it was found that the ratio of Ra-R/Ra-C’ could be 
moat readily obtained by taking the ratio of the activity at 
end o£ one how to the activity at the end of ten minutes ^ 
comparing that with a theor«tical curve obtained by plotting t ® 
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ratio against the ratio Ra-i?/Ra-C. The latter curve is shown 
in Fig. 2. 

The experiment was carried out in the follosving manner. A 
colloidal solution of ferric hydroxide was prepared by adding 
3 c.c, of A^ferric chloride solution to 300 c.c. of distilled water which 
had been heated to boiling. The solution was then dialysed free 
from hydrochloric acid. An active deposit was obtained on a 
platinum wire in the usual way and dissolved by addition of acid 
of the required strength. The solution was kept for half an hour 
so that the effect of the radium-ri would be negligible, and the 
radium-i? and radium- C would be more nearly in radioactive 
equilibrium. 

Fig. 2. 



HeUio t /jo'vr 

Activity rrffer 10 tnifii/lc/ 


In carrying out the adsorptions, 2 c.c. of the colloidal solution 
were added to the solution of the active deposit in the required 
strength of acid. The ferric hydroxide was then ])recipitated by 
adding a drop of sodium sulphate solution. The precipitate was 
rapidly filtered and dried and the activity determined at short 
intervals in the a-ray electroscope. The zero time for the curves 
was that at which the colloid was added to the solution of the radio* 
active elements. Tlie actual decay curves obtained are shown in 
Fig. 3, the scale of the activities being cho.'Oii so that the initial 
activity in each case is 1(K). 

For acidities lower tlian O'CHiOhV the hydrochloric acid was 
replaced by mixtun'.s of [jotassiinn di hydrogen phosphate and 
disodium hydrogen phosphate for wliieh tlie hydrogen-ion concen- 
tration was known. The aciddics wci-e cliccked by detenu iiiing the 
hydrogen-ion concentration in tlie tilirates l>y means of the hydrogen 
concentration cell. 

VOL. cxxi, 0 D 
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The results are shown in the following table, the hydrogen-ion 
concentration being expressed as — log.[H ]. 


Atomic ratio 


2-0 2-7 3-0 3-4 3-7 4 0 fi-2 6 2 6D 7>8 
018 015 0-15 0 16 0-6 0-8 1*85 2*05 1*86 1-76 


Fia. 3. 



Time in jninuies. 


Fici. 4. 



4 

- Lr>g [H*]. 


The value of - log [H'] was plotted against the atomic ratio Es-5 
to Ra-C adsorbed. The cur\*e obtained ia shovm m Fig ^ 
thus appears that the ratio of Ra-R to Ra-6 adsorbed at a e 
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acidity is different from the ratio of their isotopes, Th-5/Th>(7, 
adsorbed at the same acidity. 

Experiments were then carried out on the simultaneous adsorp. 
tion of the four elements, Ra-5, Ra-C, Th*R, and Th-C. Since a 
marked difference exists between the decay curves of the two 
series, it was thought that the respective ratios Ra*5/Ra-(7 and 
Th-B/Th-C could be found from the experimental curve obtained 
when both series are decaying. 

The active deposit of thorium was obtained on a platinum plate 
and the radium active deposit on a platinum wire. The deposits 
were dissolved off in O-OOLV-hydrochloric acid and the solutions 


Tig. i 



Time in houn?. 


mixed and loft for Jialf an Iiour. Previous experiments had shown 
that under these conditions thorium-j& and tliorium-C, as well as 
radium-J5 and radium-C', would bo present in approximately 
equilibrium ratio. The adsorption was carried out exactly as 
before. Fig. 5 shows the exj>erimontaI curves obtained. 

A series of theoretical decay curves worc plotted for Th-R/Th-C 
ill a similar manner to those for lia-^/Ka-C. They are shown in 
Fig. 6. From the initial rate of decay of the experimental cun*e 
(Fig. 5), it Wfi8 assumed that the activity after three hours would 
he duo entirely to the thorium members, the effect due to the 
radium*C being then negligible. Thus from the reading at the 
end of three hours and at the end of six hours, it was possible by 
comparison with ,lhe theoretical curves to determine the ratio of 
thorium-R to thorium*C originallif adsorbed, and hence their 

fi n 
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initial activity. The difference curve thus obtained was due to 
the radium members. 

In this manner, the curves of Fig. 5 were found to correspond 
with the following ratios. 

£)xpt. 1. Expt. 2. 

Ratio Ra-B/Ra-C adsorbed ; 0’18 0-2 

Ratio Th-B/Th-C adsorbed 4-1 * . 4 .g 

Thus from the same solution the ratio of elements of atomic 
number 82 and 83 adsorbed has a different value according to the 


Fio. 0. 



series to which the cjciiients belong; or, in other wor<L<, a partial 
separation of isotopes has Ik^^mi effected. 

In order to avoid the conclusion that isotopic elements have not 
similar adsorptive properties, th<‘ authors conclude that the evidence 
obtained is in support of the colloidal theory put fonvard in the 
paper already referred to. They picture in 0*OOLV-acid solution 
a certain proportion of the -B nieml)crs as existing in the state of 
ooiloidal aggregates of n^ative chaige which, with lapse of time, 
dudAic^rato partially into the *C members. These are held in the 
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colloidal state and are adsorbed owing to the predominating influence 
of the remainder of the -/? members. Hence the adsorption of the 
.C members is in greater proportion for the radium series owing 
to the period of ra^um*J5 being less than that of thorium-.S. 

Further experiments are being carried out to determine quant- 
itatively the influence of the relative concentrations of the and 
.0 members before adsorption on the ratio in which they are 

adsorbed. 

1. Previous nork on llu' adsorption of -H and -C momhors by 
ferric hydroxide has b('on continued. Radium -5 and radium-0 
are adsorbed in proportions varying rcgnlarly with the aridity of 
the solution. 

2. At a given acidity the ratio Th-7?/'rh'^' adsorbed is greater 
than the ratio of Ra-ii/Ka-^' ad.sorbed. 

3. This different behaviour i.s maintained when the adsorption 
is carried out in a mixed solution rif the four radio-elements. 

4. These results are interpret<Ml as (‘Vj(](‘jK'e in favour of the 
colloidal theory put forward in a pi-evions paper. 

The author? are indelded to The Glasgmv and West of Scotland 
Radium Committee for supplying quantities of radium emanation 
from which the active deposits were prepared. 

Royal Tecemcal rou.FCF. 

Olasoow. -Jifcrircd, Nornnher Wth. W22.} 


CCOXUL~Thp I[!/droh/si.< of Phiiln n m Sails. Part 1 1 . 

Potassium Pkilinihromide. 

Bv Ebbn Henkv AReutini.i) and Willum A. (I.ale. 

CTrt.ain featinvvS irganling tlio hydrolysis of pola.ss}um plathh- 
chloride liavc been noted Uy «uie of us in a previou.s paper (T., 
1920, 117 , 1101), where th(' extent and rapidity of the reaction, 
under deflnito conditions a.s to tem|)erafiin‘ and intensity of light, 
liavp been described. In particular, it nas found that a solution 
as dilute as Njm (K.PtCl, m) did not undergo liydrolysis in the 
absence of light radiation, within, at Ica.-t. several months from 
the time of pifparation ; n hilst uith a A ;.^)-soIution the hydrol,^i5» 
would l)cgin in the absence <4 light after several days and then 
proceed to the same eciuilibriurji point as when under the influence 
of strong light radiations. When soluble chlorides wore added to 
the solution of the liydrolyscil saft, the reverse of the prenous 
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reaction appeared to begin at once, and, if sufficient chloride had 
been added to give approximately a 10 -solution, the reverse 
reaction continued until the acidity of the solution disappeared. 
There were some indications of a secondary reaction taking place 
after the hydrolysis had reached the point of maximum acidity 
without the influence of any added common ioii, a secondary 
reaction that lowered the acidity, but the effect waa so small that 
it could not be measured with certainty. A few preliminary experi. 
ments showed that this secondary reaction was much more marked 
in the case of the platinibromide, and as a study of this change 
in the solution might be expected to throw some light on the main 
reaction, it was thought worth while to follow the decomposition 
of the platinibromide as we had done for the platinichloride. There 
was, further, the question as to whether the intensity of the light 


Fio. 1. 



\voulJ influence the final cipii librium point of tlie solutions; a 
study of the behaviour of the bromide might throw some light on 
this point. With these feature's of the problem in mind, tlie 
exjieriments deserilied belo\v were carried out. 

K X 1“ i: U I M K N T A L. 

PrejiarfUion of Tlu* same care was taken in the 

preparation of all the ciieinicals used as in the previous investi- 
gation. The methods usetl in th<‘ purification need not be repeated 
here. In prejiaring ifie potassium platinibromide, the method 
employed was very similar to that used in the case of the platini- 
chloride. A ntrong solution of liydrobroraic acid w’as electrolysed, 
using as anode the purified jiiatinum black. The arrangement of 
the apparatus will be ea,sily understoml from Fig. 1. 

The solution of hromoplatinie acid wliioli resulted contained s 
large excess of bromine, and a^)art of this was cx}H'l!ed Vfore t e 
potassium bromide solution was added in the precipitation of tie 
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Table L 


^j^/SOO'KjPtBr, solution. 


Time, 

Ba(OH), 

HBr, 

minutes. 

solution, c.c. 

gram. 

0 

0 

0-00000 

30-0 

0-30 

0-00024 

90-0 

0-5.5 

0-00045 

120-0 

0-00 

0-00049 

215-0 

- 0-75 

0-00001 

286-0 

0-80 

0-00005 

415-0 

0-95 

0-00077 


.W/250-KjPtBra solution. 


Time, 

Ba(OH)j 

HBr, 

minutes, 

solution, c.c. 

gram. 

0 

0 

0-00000 

02-0 

1-1 

0-00089 

89-0 

l-,3 

0-00105 

149-0 

1-4 

0-00113 

242-0 

1-5 

0-00121 

337-0 

1-6 

0-00130 

400-0 

1-7 

0-00138 

720-0 

1-4 

0-00113 


Light off 


/ 840-0 
\ 15 days 


1-3 

M 


0-00105 

0-00089 


^/100*K(PtBr, solution. 


TV/oO-KaPtBrg solution. 

Time, 

Ba{OH), 



/ 

Ba(OH)2 

\ 

solu- 

HBr, 


Time, 

solu- 

HBr, 

minut^. 

tion, c.c. 

gram. 

minutes. 

tion, c.c. 

gram. 

0 

0 

0-00000 


0 

0-03 

0-00002 

60-0 

20 

0-00162 


470 

2-2 

0-00178 

85-0 

2-3 

0-0018G 


120-0 

4-0 

0-00324 

145-0 

2-6 

0-00211 


305-0 

5-6 

0-00454 

236-0 

2-8 

0-00227 


4900 

5-2 

0-00421 

332-0 

420-0 

30 

3-2 

0-00243 

0 00259 


550-0 

4-7 

0-00381 

537-0 

30 

0 00243 

Liglit 

turned 

off 

[ 740-0 

1 870-0 

3-7 

3 4 

0-00300 

0-00275 

/ G52-0 

2-8 

0-00227 

i 25-3 hrs. 3-0 

0-00243 

24 hours 2-4 
' 32 „ 2-3 

\ 15 days 1-0 

000194 

0-00180 

0-00130 

[ 42 days 1-9 

0-00154 


,V/25-K,rfBrs solution. 



Ba(OH)j 


Time, minutes. 

solution, r-.e. 

HBr, gram. 

0 

0-03 

0-00002 

58-0 

3-3 

0-00267 

130-0 

28.5-0 

6-2 

9-0 

0-00502 

0-00729 

308-0 

9-2 

0-00745 

435-0 

9-4 

0-00761 

545-0 

9-6 

0-00778 

[ 740 0 

8-8 

0-00713 

, 26 hours 

tumetl off 

6-6 

000535 

3-8 

3-2 

0 00308 
0-00259 

\ 42 days 

2 0 

0-00211 


platinum salt. The platinibromide ^vas washed with dilute bromide 
solution and alcohol in a Gooch crucible and carefully dried at a 
low temperature. 

The colour of the product varies appreciably with the size of the 
crystals formed~-that is, with the rapidity of precipitation— from 
bright scarlet to deep ruby red. * 
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The Experimenis . — He procedure followed in preparing the 
solutions of the platinum salts, exposing them to the light radi. 
ations, and the STibsequent titration of the acid formed from the 
hydrolysis, were the same as described in the previous paper 
With the platinibromide, Congo-red as an indicator was found to 
give the best results. 1 C.c. of the barium hydroxide solution 
equivalent to O'OOSl gram of hydrobromic acid. 


Fig. 2. 



The different solutions dudied had concentrations cnrn'sj'ondins 
to 0 0()4A‘, O'OLV, 0‘02A’, aiifl O Ol.V, considering ouc-fourth the 
formula weiglit, K.>PtBrg;4, the equivalimt. 

Table I shows the extent tn which the liydrolysis has ceno 
under the infliuiue of light. The time of exposure in mimifK 
is giveTi in the {ir^t column. The second column sho^Ys the c.o. 
of l)arium hydroxid - solution neoes.sary to neutralise a 10 c.c. 
portion of platinum .solution, whilst the third column gives tlie 
weight in grants of hydrogen bromide formed in 100 c.c. of soliition. 

Tlie progres.i of the hydrolysis will l>e more readily aeon froiru 
eoiwideratiori of the c;urve.s sfrown in Fig. 2, wlu'rc the time as 
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abscissic is plotted against the acidity expressed as the volume of 
hydroxide solution used for 10 c.c. portions. 

The shape of the curve is very much the same for all concentrations 
studied. It is noteworthy that the rise is at first very rapid, the 
maximimi acidity being attained ^vithin seven or eigh^ hours. ^The 
drop in the acidity from the maximum which wa.s scarcely notice- 
able ni the case of the platiiiichloride is here very marked and 
continues until almost 40 per cent, of the acid formed has di.s- 
appearccl. 

1’hc general enrw as sliown in Fig. 3, which represents fairly 
closely tlic progress of the reactions, at least for the four more 
concentrated solutions, may be divided into four parts. 

From A to B we ha.vG the initial rate of hydrolysis where the 
iiuiount of acid in the soluti^ni ha.s not been appreciably affected 
by any secondary inaction. F rom B to C wc have an almost straight 


Fig. U. 



line portion, rising to a ma.xiinum at C, in approximately eight 
hours, with the jiartieular intensity of liglit used. Over this part 
of the curve the influence of the reaction which accounts for the 
disappearance of so much of tlie acid formed is clearly seen. From 
C to D the acidity decreases rapidly, whilst from D the decrease 
is very slow until linal equilibrium is readied. 

It is found that if a solution that has been exposed to the light 
he placed in the dark before the acidity corresponding with point B 
is reached, the Inalrol^dic reaction j^ractically stops, but \nll con- 
tinue again on re -exposure. If ])oiiit B has been passed before 
the solution is placed in the dark, the acidity does not remain 
constant but gradually drops to the point of final equilibrium, 
almost as rapidly as if in the light. This scM:ms to show that the 
reverse reaction is not influenced by the liglit to tlic same extent 
as the direct reaction. 

I'hc difference . in the behaviour of solutions of platinibromide 
and platiniehioridc can be seen fr*>m the shape of the curves in 
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Fig. 4. The rate of the hydrolytic reaction is very much greater in 
the case of the platinibromide solutions, and the point of maximum 
acidity is reached much sooner for these solutions than for those of 
the platinichloride. The maximum point, however, for the platini. 
chloride is inuch higher than for the platinibromide, and there is 
very little, u any, recession in the case of the former, solutions 
from this maximum, whilst the reverse reaction for the bromide 
accounts for a considerable decrease in the acidity of the solution 
and takes place at an appreciable rate. 

The fractions of the bromine assumed to be replaced at the point 
of maximum acidity and of final equilibrium, for the several con- 
centrations, are shown in Table II. The values are expressed as 


Fio. 4. 



CompariBon of rates of kydrolytis of K,PtKre ond KiPtCl, solutions of 
equ'il concentration (0’02A) the lignt, 

fractions of the bromine associated with the platinum as PtBrj. 
The second and fourth columns give the fraction of one Br that has 
been replaced for that concentration. 

Table II. 


Normality of 
aolution 

0-04 
0-02 
001 
0004 
0-002 

Hydrolysis in the i)ari-.-Tho behaviour of the solutions * 
prepared'and kept in the dark w., «« Wlows. No ch^^ 

L detected for the ftat three days. The ac.dity then rose slowy 


Br rf- pi flood 
Fraction 

at maximum. 

equ 

Fraction 

of 1 Hr. 

% of 4Br. 

of IHr. 

0-07 

2L25 

0-26 

1 12 

2B-0 

0-36 

1-28 

a2-o 

0-50 

1'7 

42*5 

MO 

19 

4T-5 

— 


Br replaced at final 



% of4Br. 
CO 
90 
14-0 
27-5 
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to an equilibrium corresponding with the final acidity reached in 
the light ; there being no evidence of a decrease. The time required 
to reach this point was about fifteen days, both for a saturated 
solution and one that was 0 02iV^. 

TAe Effect of Adding a Common /om.-The addition of potassium 
Bromide to a hydrolysed solution caused a reversal of the reaction 
as indicated by a rapid drerease of acidity. A 0-02A'-solution that 
had reached equilibrium in light became neutral in forty minutes 
in the light after sufficient potassium bromide had been added 
to give a 0-05i\f-solution of KBr. The influence of the light on this 
reverse reaction in the presence of potassium bromide is illustrated 
by the fact that a solution which required five hours for reversal 
in the dark only required forty minutes in the light. 

The addition of sodium bromide to the hydrolysed solution had 
a similar effect to that of the potassium bromide, whilst an equivalent 
amount of potassium nitrate did not appreciably change the point 
of equilibrium; neither did the presence of potassium mtrate 
noticeably affect the rate of the hydrolytic reaction if added to the 
solution undergoing hydrolysis. 

Attempts to Isolate a Product Formed by Hydrolysis.-^An attemiit 
was made to precipitate from tlic hydrolysed solution a product of 
the hydrolysis. Thinking that the reaction product was probably 
less soluble than the original salt, we added a saturated solution 
of potassium bromide to a solution having a maximum acidity. 
The bright scarlet cr>’stals which separated were carefully analysed 
for platinum and potassium bromide, by heating a weighed portion 
of the precipitate in a porcelain boat in a stream of hydrogen. 
The platinum black and potassium bromide W'erc weighed, the 
weights corresponding very closely with the formula KgPtBrg. 
Evidently no appreciable amount of the product formed by 
hydrolysis had been precipitated. 

Evaporation of a hydrolysed solution also yielded crj^stals of 
the normal platinihromide. The ^veight of the residue corre- 
sponded exactly witli the weight of potassium platinihromide 
known to have been originally present. Samples of these crystals 
as well as some obtained from tlie precipitation noted above were 
examined under a high -power inicroscoj.>e and found to have the 
same fonn as those of tlie original con) pound. Tlicse results seem 
to confirm the supposition that the PtBr^" ion is re-formed by the 
reverse reaction. 

A few of the crystals formed from tlie evaporation were re- 
dissolved and the solution was oxjx>scd to the light as before ; the 
initial rate of the -hydrolysis was the same as before, but the point 
0 maximum acidity was not as high—the B C portion of the ctlrve 

5d*2 
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(Fic. 3) being flatter. This was also the case with portions recovered 
from titration residues by partial evaporation and precipitation 
with saturated potassium bromide solution. This may be due 
to the presence of traces of hydrolysed products which act 
catalytically in the reverse reaction. _ 

To another solution that had reached its point of •maximum 
acidity a considerable quantity of alcohol was added. Again tho 
precipitate obtained proved on examination to be the platini. 
bromide. 

The obsiTved increase and decrease in acidity may be accounted 
for by assuming that the following chemical reactions take place; 
AVC may suppose that tlie salt in solution is almost compleWy 
ionised, thus : 

KoPtBr^ “ -K* i- PiBi-jj' (1) 

Under the action of light the ion ciUTving the bromine then undergws 
hydrolysis, thus : 

PtBre" + HOH = PtBrsOH" f HBr (2) 

Tlio second hydroxyl adds on more slowly than the first one, thus; 

PtBrjOH" rHOH-PtBr,(OH);' -i llBr. ... (3) 

The ion PtBr^fOlI)." then rcact.s with the li)-drobromic acid formed 
and reverts to the original .stati.s : 

iPtBr.lOH),/' -r 3HBr = PtBrjOH’' h PtBrj" + 3H,0 (4) 
As pointed out above, the experiraent.s show that tho light has 
a much greater effect on the tlircct than on the reverse reaction. 
It appears, then, that only in the light does reaction (3) take place 
rapidly enough to lumv than couuterbalauce tho effect of reae- 
tioii (4). In such a cum' we get the. maxima shown in tho curves 
(Pig. 2). In the ab.seiice of light radiation, reaction (3) goes so 
.slowly that its effect i.s entirely masked by that of (4), 

Using the spoctroscoi>c of a ’I'utton monochromatic illuiumator 
and Baly absorption tube, some observations have been made of 
the absorption speetrum of solutions of tl.e platinibromidc. -As 
s.x.n as circumstance.s will permit ue wish to extend these measure, 
ments to include both tlie liydrulysr'd and unhydrolysed solution.-, 
as well as the eorrc.sponding solutions for the platiuichlondc. 


Suniinarj/. 

(1) .Soluliorw of p<)ta.ssium plntinihromide arc rapidly hydrohscd 

under the inHueiiee of liglit. .. 

(2) The acidity of tlie .solution mca-a-ses, j»t In-sl ' 
more slowly to a maximum, and linnlly decreases to an cqui 
that varies mth the concentrafion of the solutioD. 
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(3) The addition of a soluble bromide 
of the chemical action. The reaction 

accelerated by light. 


causes complete reversal 
involved here is also 


4) In the absence o Lght rad.at.ons, l>ydroIysis can be noticed 
in the solutions only after several days ; the final equilibrium point 
is then reached without the solution showing a maximum point 
on the acidity curve. ^ 


Chemical Labouatohy, 
University of British 
Vancouver, B.C. 


Columbia, 
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CCCXLIII. Rcscciiches ou Itesidiiul Affinity ajid Co~ 
ordination. _ Pari XII. Cohaliarnmine and Fmic 
Lakes of DmitrosoresorcinoL 


By Gilbert T. Morgan ami John Ewart Moss 


In two earlier communications (T., 1921, 119 , TOd- this vol 
p. 160) on cobaltamminc lakes of quinoneoxime and alizarin d\^es 
it was shown exporimenlally that those adjective dyes owe their 
distinctive lake-forming properties to tlm presence in the colour 
molecule of at lea.st one iinsatnralrd group (I or la) capalde of 


(I) 


.X-0- 


c:o- 


(I^.) 


taking up two positions in the co-ordination complex .suiTounding 
a metallic atom so that the latter becomes tinally held in a hetero- 
cyclic ring. To these unsaturated radicles, which are capable of 
acting as two associating units, has been given the name of chelate 
^groups because of tlio tenacity of tlieir grip on tlie implicated metallic 
atom. 

The presence of chelate groups in a dye may he detected by the 
use of a cohaltainmiric reagent consisting of an amnioniacal solution 
of hydroxopentamminocobaltio chloride, | HO*Oo{XH 3 ) 5 ]Cl.v Jf the 
dye contains one chelate group, three of these unsaturated radiples 
combine with one atom of ter valent cohalt, sattsfying completely * 
its principal and supplementary valencies .so that the metallic atom 
OSes completely its capacity for oombining with nnnnonia. This 
-entral cobalt atom, which is then said to be completely chelated, 
tas become implicated in three heterpcylic rings, one arising from 
of the three chelate groups. 



2858 


MOBGAK AND MOSS : RBSEABOHBS ON 


Meanwhile, the cobaltammine reagent combines with any other 
acidic groups present in the dye to give a pentamminocobaltic 
salt, so that if the resulting complex lake contains n atoms of 
cobalt and m molecules of ammonia the relationship between these 
constitu^ts is expressed by equation (i) . , . m = 5(n — 1). 

If there are two or more lake-forming chelate groups* present in 
the dye, the relationship becomes somewhat more compUcated 
because, owing to spatial arrangement, the second chelate group 
can only co-ordinate once with a tervaient cobalt atom, the latter 
retaining the power of association with four molecules of ammonia 
The eq^uation for a polychelate dye thus becomes 



where c is the number of chelate groups. Several examples of 
dichelate mordant dyes have been observed in the alizarin series 
(loc. cit]. 

These considerations have now been applied to the case of 
dinitrosoresorcinol or 1:2:3; 4-bcnzodiquinone-l : 3'dioxirae (11) 
with the object of ascertaining the nature of the metallic lakes 
derived from this quinoneoxime dye, or, in other words, of finding 
out whether tho colouring matter is a monochclato or a dichelate 
dye. Binitrosorcaorciuol, when precipitated on iron mordants, 






(II.) 


gives rise to fast green lakes, variously designated as resorcinol 
* green, chlorin, resorcin green, Alsace green, fast myrtle green, etc. 
With chromium mordants, it furnishes fast brown lakes. These 
shades of colour resemble closely those derived from the 1 : 2-naphtha- 
quinonemonoximes (Gam bine or nitrosonaphthol dyes) which have 
been shown delinitely to be monooheiatc dyes (^oc. ciV.). 

The foregoing consecutive formula 11 a.ssigned to dinitroso- 
rcsorcinol ha,s not hitherto been demonstrated by direct proof, 
but nevertheless this constitution is rendered very probable by the 
an|lDgie6 drawm from the behaviour of homologues of resorcinol 
towards nitrous acid. p-Orcinol 20H — 1 ; 4 ; 3 : 5], in 

which one methyl group occupies tho position contiguous to the 
two hydroxyl radicles, yield.s only a mononitroso-derivative even 
with excess of nitrous acid, whereas orclnol [CHg : 20H = 1 • 3 . ^1 
ftnd its ifiomcride, creaorcinollCHj : 20H «= 1 : 2 ; 4], readily 
'tinitroao-comiKjunds even with a deficiency of nitrous acid, 
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the latter instance one of the nitroso-groupa must enter the position 
contiguous to the two hydroxyl radicles (Kostanecki, Ber., 1887 , 
20 , 3133 ). The consecutive formula for dinitrosoresorcinol'suggests 
a possibility that this substance may behave towards metallic 
mordants as a dichelate dye, in which contingency the cobalt- 
ammine lake should have a composition determined by the second 
of the foregoing equations. Putting c and n each equal to 2, the 
number, m, of ammonia molecules should be four. Experiment 
shows, however, that the dicobaltic lake contains not four but 
five molecular proportions of ammonia in accordance with equa- 
tion i. Hence it follows that dhiitrosoresorcinol, although a 
dioxime, behaves as a monochelate dye, thus falling into line 
with the nitroBonaphthol or 1 : 2-naphthaquinonemonoxiiTie colour- 
ing matters. The simplest explanation of this behaviour is that 
the median wonitroso- and carbonyl radicles form the two limbs of 
the chelate group, leaving to the terminal zsonitroso-radicle the 
simpler function of salt-formation. On this hypothesis, the con- 
stitution to be assigned to the cobaltammine lake is as showm in 
formula III. 




(in.) 


This view of the constitution of the cobaltammine lake is confirmed 
by evidence derived from a study of the iron lakes of dinitroso- 
resorcinol. 

The iron lakes of quinoneoxime dyes are almost invariably cited 
as ferrous compounds in the technical literature of colouring 
matters. There is, however, no analytical justification for this 
fallacious formulation, which has been advocated probably owing 
to two circumstances : first, these lakes are often produced either 
on the textile fibres or in bulk from ferrous compounds, and, 
secondly, the deep green colour of the lakes suggests a misleading 
analogy with the similar althougli much paler tints of many 
ferrous salts. 

The green quinoneoxime iron lakes can be produced from either 
ferric or ferrous salts, but in the latter instance lake formation is 
accompanied by oxidation. The product contains ferric iron in 
both cases and the intense green colour is characteristic of the 
heterocyclic complex in which the torvalent iron atom has now 
become impUcjated. * 
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When dinitrosbresorcinol and ferrous sulphate interact in presence 
of ammonia under ordinary atmospheric conditions, a deep green 
lake is obtained. This product contains no ferrous iron, but has 
the composition of a basic ferric compound derived from a 
nmnochclate mordant dye (IV). 



The formation of this basic ferric lake agrees TV'ith the analytical 
data obtained by 0. Hoffmann in a study of the iron lakes of 
2-nitroso-2c-naphthoI-4-sulplionic acid (Naphthol Green G), \vhcre 
ferrous salts gave lakes corresjionding with a basic ferric constitu- 
tion {Ber,, 1S9G 24, 3741). This investigator noticed that by 
repeated crystallisation the basic lakes furnished the normal ferric 
lake, a product which was obtained more directly by the use of a 
ferric salt. 

The interaction of ferric alum and dinit rosorcsorcinol in presence 
of ammonia leads similarly to the normal ferric lake containing one 
atomic proportion of iron combined with three molecular pro- 
portions of the inonoainmoniiini salt of the ))enzodiquinonedioxime 
radicle (V). 



The compo.sition and properties of the cobalt am mine and ferric 
lakes of dinitroson^sorcinol fun\ish corroborative evidence in 
support of the view tliat this dye contains one chelate group and 
one salt-forming radicle as symbolised in the fon^going constitu- 
tional formulse. 

Accordingly, our practical results substantiate the consecutive 
formula for dinitrosoresorcinol (11) inasmuch as this configuration 
shows distinctly that the two isonitroso-radicles differ fundamentally 
in function. The median isonitraso-group alone ls involved in 
chelating complex, whereas the terminal wonitroso-groiip situated 
in the para-poeition with respeA to the remaining carbonyl group 
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behaves merely as an acidic radicle. A symmetrical fonnulation 
(1 : 2 : 4 : 5) for dinitrosoresorcinol suggests on the contrary that 
both imitroso-groups have similar functions, thus leading to a 
dichclate dye. This supposition is entirely opposed to the 
experimental evidence. 

E X P E R I E N T A L. 

Dinitrosoresorcinol was prepared by the metliod outlined in 
Cain and Thorpe’s “ Synthetic Dyestuffs,*’ ed. 1913, page 253, 
and dried on porous plate over sulphuric acid under reduced 
pressure. The product then contained one molecule of water 
(Found : N = 15*08, 15*20. CgH404N2,H20 requires N = 15’04 

per cent.) (compare Fitz, Ber., 1875, 8, 031 ; Kostanccki, Ber., 
1889, 22, 1345; Biilow and Dciglmayr, Ber., 1904, 37, 1794). A 
difficulty arose in estimating ammonia in the complex cobalt- 
ammine lakes of dinitrosoresorcinol owing to the fact that the 
colouring matter itself evolved ammonia on heating with 5A-sodium 
hydroxide. The amount set free varied with the time of distil- 
lation ; in three and a half liours, about one-sixth of the nitrogen 
present had been eliminated as ammonia and after thirteen and a 
half hours the proportion of nitrogen eliminated was roughly about 
onc-fourth of the whole; there was no definite end-point. During 
this distillation, an unmistakably persistent odour of hydrogen 
cyanide was noticed, and this acid was identified in the distillate 
as .silver cyanide. The exact nature of the decomposition was not 
ascertained owing to the tarry nature of the non-volatile product. 

\-FenlamminQC.oi>altk ?t-Co}xiUic, 1:2:3: \-Bcn':oi\l<iUinoneA : 3- 
dioxnnaie. (Formula 111). 

Dinitrosoresorcinol (5-G grams) was added to 72 c.c. of 5*Y- 
ammonia, diluted with 30 e.e. of vatcr, wlien a slight brownisli- 
green precipitate wa.s formed, which was dissolved by the further 
addition of 5 c.c. of oA’^-ammonia, 'this solution of the di ammonium 
salt of dinitrosoresorcinol was mixed with eobaltammine reagent, 
prepared by adding 2 c.c. of oA-hvdrogon peroxide to 20 c.c. of 
2A-cobalt chloride diluted with 40 c.c. of 5A-aininonia. The 
resulting mixture, containing a cliooolate-browii precipitate, was 
lieated at 75° for fifteen minutes and cooled to O'. The insoluble 
product, after washing with cold water, was dried over soda -lime 
in presence of solid ammonium carbonate for three day.s under 
10 mm. pres.sure [Found : Co = 15*76, 15*83 ; N = 20*93. 
(CgH204N2,H20)3Ck)2(NH3)5 requires Co — 15*61 ; X — 20*38 per 
cent.]. 

The trihydrate was now dried ove/(piickiimc for three days uhder 
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10 nun. pressure [Found : Co = 16*33, 16*44; NHg — 11 ‘72^ 
11 * 33 ; N = 22*12; another dehydrated preparation gave Co := 
16*95, 16*81; N = 21*31, 21*40. (C 8 H 204 N 2 ) 5 Coa(NH 3 )g requires 
Co = 16*81 ; NH 3 = 12-13; N = 21*95 per cent.]. 

The anhydrous cobaltammine lake was a chocolate- brown, 
amorphous powder insoluble in water and the ordinary organic 
media ; it evolved ammonia on heating and was decomposed by 
warm SA^-sodium hydroxide. The co-ordinated ammonia wsts 
estimated by distillation during one and three-quarters to two hours 
with aqueous borax (0*3 to 3 per cent.); the total nitrogen was 
determined by Kjeldahl’s method after preliminary reduction with 
sodium hydrosulphite; equal weights (0*3 gram) of this reducing 
agent and the cobaltammine lake were digested at 100® with 6 c.c. 
of 2A"-suIphuric acid. The mixture was then heated with 5 tc 
10 c.c. of concentrated sulphuric acid and a globule of mercury. 
Owing to the explosive nature of the cobaltammine lake, the metal 
present was estimated as anhydrous sulphate after a preliminary 
digestion at 100° with 2iV-sulphuric acid followed by strong heating 
with concentrated acid, any separated carbon being oxidised by 
ammonium nitrate. With cold concentrated hydrochloric, nitric, 
or sulplmric acid, the anhydrous cobaltammiii® lake developed a 
reddish -brown coloration, becoming orange on dilution. 

A partly chelated lake was obtained by adding slowly a solution 
of 5*6 grains of dinitrosoresorcinol in 110 c.c. of 15A-ammonia to 
20 c.c. of 2.V-cobaltic chloride, dissolved in 55 c.c. of o.Y-ammonia 
and 4 c.c. of hydrogen jR^roxide. A brown, gelatinous precipitate 
w'as formed, and after adding 15 c.c. of 15A-ammonia the mixture 
was heated at 60°. The insoluble product, washed successively 
with water, alcohol, and ether, w*as dried for four days over soda- 
lime under 10 mm. pressure in presence of ammonium carbonate 
[Found : Co - 15*10, 14*89; X - 21*94, 22 03. 

(C.H.AX.JLOljCogiNHg), 

requires Co - l4’fH); N 23*05 t>er cent.]. 


Ferric Ammonium Lakes of Dinitroso- 
resorcinol. 

*1. Ba»k Ferric hxkr ■. l .-lmmoHium 2-UydroxoJerrk 1 : 2:3:4- 
Jifnzodiquinonc~\ : S-dioxinvtte [ionnula 1\)- 
. Ferrous ani.noiiiuin suli-lmtc (7-82 grams), dissolved in the tet 
amount of Avator, was added to .700 e.c. of water and 30 c.c. of 
18.Y.ammo.:.ia containing 13 grams of dissolved ■ 

when an intense green coloration was produced. I c ^ 
wo., concen.trated on the water-bath to 3.10 c.c. and c<sd i * 
precipitated lake, after washing with 5 A -ammonia. aa.s dued 1 
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four days in a vacuum desiccator over soda-lime [Found : C = 33 07, 
33.12; H = 3-45, 3*36; N = 1905 (Kjeldahl), I960 (Dumas); 

= 12*87, ’12*92, (C6H204N2,NH4)2Fe’0H requires 0 = 32*74; 

U = 2*97 ; N = 19*04; Fe = 12*65 per cent.]. 

The basic ferric ammonium lake of dinitrosoresorcinol was a 
black amorphous powder dissolving in water to a dark green 
solution; its solubility decreased considerably on drying and it 
dissolved sparingly in alcohol or pyridine ; it was insoluble in other 
organic media, but dissolved readily in aqueous sodium liydioxide 
or 18iV-ammonia. With concentrated nitric or sulphuric acid, 
this lake developed a reddish-brown coloration, becoming orange 
on dilution. On boiling with concentrated hydrochloric acid to 
remove dinitrosoresorcinol, the filtrate on dilution gave all the 
reactions for ferric iron and showed no indication of the ferrous 
condition. The foregoing results proved conclusively that the 
lake produced from dinitrosoresorcinol and a ferrous salt in am- 
moniacal solution exposed to air was entirely a basic ferric compound. 

2 Normal Ferric Lake : l-Anononium ^-Ferric 1:2:3: A-Benzo- 
diquinone-l : 'i-dioximate (Formula V). 

Ferric alum (9*6 grams), dissolved in 100 c.c. of cold water, was 
added to a solution of 11*2 grams of dinitrosoresorcinol in 450 c.c. of 
water and 25 c.c. of 15.V-a]iimonia. The solution was concentrated 
in three different experiments to 300, 400, and 500 c.c. of liquid, the 
yields of green lake being, respectively, 6*9, 8, and 1-4 grams. The 
precipitates were wa.shed successively with alcohol and ether and 
dried for five days over concentrated sulphuric acid under 10 mm. 
pressure [Found: Fe = 9‘92. 10*39, 10*44; N = 20*73, 20*11, 
20*42. (C6H204N.>,NH4)aFe requires Fe = 9*17 ; N = 20*71 per 
cent.]. These results agree best with the coinj>o.sition of a normal 
ferric lake. The ]>roduct is a bluish-black powder soluble in water 
or pyridnie to a dark green solution, but insoluble in neutral 
ordinary organic media. 

Inasmuch as pyridine was one of the few organic solvents in wliich 
dinitrosoresorcinol dissolved, an attempt was made to obtain a 
crystalline ferric pyridine lake. Anby drous ferric chloride (1 q 
grams, 1 mol.), dissolved in 7 grams of pyTidine, was added to a 
solution of 5*35 grams (3 mols.) of dinitrosoresorcinol in 20 grams 
of the same solvent. Heat wa.s evolved and a dark green color- 
ation developed, but there was no precipitate until 40 c.c. of absolute 
alcohol were added, when a dark green substance w*as deposited, 
which, after w*ashing with alcohol and drying over quicklime in a 
vacuum desiccator, weighed 3*3 grams. Tlie comiwund ga%*e a 
distinct iodoform test for alcoliof (Found : (1 — 48 b7 ; H — 4 44 , 
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N (Dumas)- 11*99, N (Kjeldahl) - 11*41 ; Fe - 7*62. These 
analytical data indicate a basic ferric pyridine lake, 

lC5H6N‘NO:CcH202’NO!2Fe-OH,4C2HeO,. 

requiring 0 = 4818; H=,5-50; "n = IMO; Fe — 7*44; 
[{C5H6»N-0N:C6H202:N0}2Fe]20,8C2H60, requiring C = 48-75 ■ 
H = 5-43 ; N = 11*32; Fe = 7*52 per cent. It* was,* however’ 
impossible to ascertain precisely by analysis the degree of hydration 
This ferric pjTidine lake was sparingly soluble in water, alcohol 
or ether, but dissolved readily in pjTidine to a deep green solution’ 

Cobaltammine Salts of Colour-producing Intermediates. 

In connexion with an investigation still in progress on synthetic 
mordant azo-d 3 TS, it became of interest to examine the behaviour 
of the generators of these colouring matters towards the cobalt- 
ainmine reagent, esjx'cially when it was found that complete 
chelation of the cobalt ic complex took place less readily in the 
benzene than in the naphthalene series. 

8‘Ammo*a*naphthol-3 ; 6-disuIphonic acid (H acid) yields a 
cobaltammine salt (VI) containing a threefold chelated complex, 
whereas 2-ammophcnol-4-sulphonic acid gives only a partly chelated 
compound even at To', and repeated attempts up to 100'" have 
failed to produce more than twofold chelation (formula VII). The 
ease of anthranilic acid is even more exceptional. The cobalt, 
arnmine reagent givTs an insoluble cobaltous anthranilate, which 
is also formed more simply with ainmoniacai cobalt ehlorido in the 
absence of hydrogen peroxide. The determining factor in this 
reaction is in all probability the sparing solubility of cobaltous 
anthranilate, this salt being removed from the sphere of action 
before oxidation can occur. The cobalt atom, which exhibits its 
lower valency, has also the lowvr co-ordination numl>er of 4 as 
in the cobaltous a-oximinoketones recently described by Ponzio 
(GazzpUa, 1922, 52, i, 2So). 

3 : ii- Di penfaw w i }iocol)aIt i<: 1 -Coltfildc Amino - 1 -oxj/nnjihlhnJ< : fi. 
disulphonnif (Formula ^’l). 



A s{)oeially pun tied .specimen of the monosod iunv salt of H acid, 
obtained from Dr. de Mouilpic^d'of the British DycstufT.s Corpor- 
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atioiij gave Na = 6 08, 6 12; S -- 17*91, 17*32 per cent., these 
numbers corresponding with the acid sodium salt with 11-HoO 
(compare Dressel and Kothe, 5er., 1894, 27, 2137). ^ ^ 

One- third of the cobaltammine rcagpnt from 30 c.c. of 2iV-cobalt 
chloride, 45 c.c. of SA^-ammonia, and 6 c.c of oA^- hydrogen peroxide 
was added to a solution of 10*8 grams of this acid sodium salt 
dissolved in 8 c.c. of loiV'-amjnonia and 10 c.c. of ^vater, and after 
heating at 100 the mixture Avas allowed to cool, Folio Aving the 
addition of the remaining two-thirds of cobaltammine reagent, the 
dark brown, viscid liquid was heated at 60^ the cobaltammine 
compound being subsequently precipitated by the addition of 
150 c.c. of absolute alcohol. The chocolate- broAvn product after 
washing with alcohol and ether was dried for a Aveek over soda- 
lime [Found : Co — 13*45; NH 3 13*60; N =:= 14 0; S -= 13*35. 
(GioH 40 NH 2 'S 20 g) 3 Co 3 (XH 3 )io require.s Co -- 13*63; NE 3 = 13*13; 
E = 14*05; 8 ~ 14*84 per cent.]. The cobaltammine compound 
of H acid dissolved in Avatcr to a reddish- broAAii solution, changing 
to carmine on adding caustic alkali or to yellow on acidifying. It 
was insoluble in organic media, cA'olvcd ammonia on heating, and 
developed a hcIiotrojAe coloration, changing to carmine, with con- 
centrated sulphuric acid. 


Cobaltammim Salt of '1- A mi nophenol A-sulphonic Acid, 



A solution of 11*5 grams of 2-aminophenol-4-sulphonic acid in 
20 c.c. of 15A"-animonia and 50 c.c. of Avatcr Avas added to sufficient 
cobaltammine reagent (sec preceding ])rcparation) to furnish 
sufficient cobalt for a dicobalt ic salt. The i)urpUsh-brown liquid 
Avas heated at 605 cooled, treated witli 30 c.c. of alcohol, filtered, 
and diluted with 250 c.c, of alcohol. Tlie broAvn pi’ccipitatc after 
Avashing with alcohol and ether Avas dried for a AAcek over soda- 
lime under 10 mm. prcssui'c : found Co ~ 13*75; NH 3 — 13*66. 
This preparation, redissolvcd in dilute ammonia and heated again 
at 60°, gave, after similar treatment. Co 13*52: XH 3 = 14*00. 
Another six^cimcn, after heating at 75', gave Co — 14*54; XH 3 — 
13*62. These analyses give the ratio, Co atoms : NH 3 molecules 
= 2:7, corresponding with the ’partially chelated compound 



2866 RESIDUAL AFFINITY AND CO-OEDlNATlON. FART Xtl. 

(CjHsONHa'SOs'HaOjsCojlNHa),, which requires Co = 13-82; 
NH 3 = 13*96 per cent. 

Cobaltous A j , 

To 8*2 grains of anthranilic acid (3 mols.), dissolved in lo c.c. 
of 5.^-amnionia, 'was added the following cobaltamminc reagent 
(1 mol.) : 20 c.c. of 2iY-cobaItous chloride^ 22 c.c. of lOiV-aninionia, 
and 4 c.c. of 6iV-hydrogcn peroxide. On warming at 80", the 
solution yielded a dark brown precipitate which assumed a light 
grey colour after washing with alcohol and ether [Found : Co =; 
17-45; N =: 9-40. (C^HgOaNlaCo requires Co ^ 17*77 ; N == 845 
per cent.]. The product contained 1'62 per cent, of ammonia, 
The preparation was repeated with two molecular proportions oi 
anthranilic acid ; the grey product contained Co = 17*47 ; N = 8’70i 
and only 0’83 per cent, of ammonia. 

These results showed that the foregoing product was cssentiaDy 
cobaltous anthranilate, and not a cobaltamminc salt. The pre- 
paration was now modilicd by using ammoniacal cobaltous chloride 
(1 mol.) to two molecular proportions of anthranilic acid but no 
hydrogen peroxide. 4'hc cobaltous anthranilate; an amorphougj 
grey powder insoluble io water and the ordinary organic media, 
gave Co — 17‘60; N — O'lO ; and only 0-68 per cent, of ammonia. 
Anthranilic acid, melting at 141", was set free cither by hydro- 
chloric acid or on prolonged digestion v,*ith boiling water. 

The authors de.sire to exprc.ss their thanks to tlie Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 
investigation. 

Chemical Departme.st, 

University op Birmingham, 
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CCCXLIV — on Residual Affinitij and Co- 
ordinatioyu Part XI I L CobaUa^nmine and Chromic 
Lakes of the Azo-salicylic Acids, 

By Gilbert T. Morgan and J. D- Main Smith. 

In our earlier communications on mordant dyes (T.,^19-li 
704; this vol., p. lfif>)» wc have shown that the quinoneoxime an 
alizarin colouring matters, when treated with hyc^xopentamn^o 
cobaltic chloride (“ cohaltamnlino reagent/' this vol., p. i' 
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furnish oobaltic lakes in which at least one radicle of the colour 
molecule is capable of acting as a chelate group in satisfying the 
whole of the chemical affinity of tcrvalent cobalt, so that this 
implicated metallic atom no longer retains the property of co- 
ordinating with ammonia. Any ordinary salt-forming group 
present in the dye such as the hydroxy], carboxyl, or sulphonyl 
radicle, loses hydrogen in exchange for the pentamminocohaltic 
group, Co{NH 3 ) 5 . Hence the cobalt and ammonia content of the 
cobaltammine lakes of quinoneoxime dyes and of the monochelate 
dyes of the alizarin series can be expressed by the simple numerical 
relation w = 6{n - 1), where m and n represent, respectively, 
the numbers of ammonia molecules and cobalt atoms. 

It has since been shown that chelate groups do not occur in the 
substantive nitro-dyes (picric acid, aurantia, dinitro-a-naphthol 
and its sulphonic acid, this vol., p. 1723), so that presumably 
these chelate groups arc characteristic of acidic mordant dyes. 

The cobaltammine reagent has also been applied to the case 
of dinitrosoresorcinol (this voL, p. 2857) Mith the result that this 
colouring matter, despite its two nitroso- or isonitroso- groups, 
was proved to be a monochelate dye, thus falling into line with 
the nitrosonaphthols. 

The method, being thus shown to be of general application, has 
now been extended to the azosalie^dic acids, a group of colouring 
matters which, although substantive for wool, arc generally applied 
in conjunction with chrome mordants. 

On treating w-nitrobenzeneazosalicylic acid and its congeners 
with the cobaltammine reagent at 70^, cobaltammine lakes are 
produced which demonstrate the existence of a chelate group 
analogous to that present in alizarin. The hydroxyl and con- 
tiguous carbonyl radicles of the salicylate residue form the chelate 
group. The other hydroxyl group attached to the carboxylic 
carbon atom acts as a salt -forming group, its hydrogen becom- 
ing replaced by one principal valency of the pcntamminocobaltic 
radicle (Fig. 2). Six mordant dyes of this series have been 
examined, five being derived from salicylic acid and one from 
2 : 3-hydTox\Tiaphthoic acid (m. p. 216'). 

w-Nitrobenzeneazosalicylic acid (Alizarin Yellow GG) and 
p-nitrobenzencazosalicylic acid (Alizarin Yellow' R) reacted with 
cobaltammine reagent, giving tx^ntamminodicobaltic lakes, both 
represented by formula II. The foregoing lake formation was also’ 
effected in two stages, using wi-nitrobcnzcncazosalicylic acid as the 
example. At the ordinary temperature, this acid reacts with aquo- 
pentamminocobaltic hydroxide, [HjO,Co5NH3](OH)3, yielding the 
complex diroseo-salt (formula I). iThis compound is, howeyer, 
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unstable in boiling water or hot aqueous ammonia and decoiu. 
])oses, with loss of half its ammonia, into the chelated lake 
{formula II), the cliaiigc being irreversible. 



[Co(NHj,H,0] 

(ir.) 



o-Carbuxybenzencazosalieylio aeid (Diamond Yellow U) and 
/n-earboxybeii/.eiieazosalicylic acid (Diamond Yellow G) reacted 
with a larger proportion of cobaltamminc reagent, inasmuch as 
each of these colouring matters contains an extra salt-forming 
carboxyl group. Tlie resulting complex lakes each contain thin 
cobalt atoms and ten molecular proi>oi1ions of ammonia as 
indicated in graphic formula III. 



A still mori* complex lake is produced by the use of 6 ; S-disulpho- 
iui[)hthalene‘S-azosaIieylie aidd (t'rumpsall \cllow), and since this 
colouring matter carries tlireo salt -forming groups the product 
eontaijis four culm It atoms and tifteen moh^cular prupurtions of 
ammonia as shown in formula I\ . 

The replacement of salicylic aeid by 2-hydroxy. 3 -naphtlioic 
acid leads to t'Xixaimental ditlieulties owing to the circumstance 
that the dyes jirodueod from this naphthalene intermediate arc 
much more prone to oxidation under the influence of the cohalt* 
ammine reagent tlian is tiie civse w’ith the simpler azosalicylic acid 
dyes studied in this investigation. This dilliculty is, niorcoier, a 
significant one, as it suggests that the eobaltamniine inelliod may 
bmik down when a[)|)lied to oxitlisablc dyes. Kevcrthelcss, in 
spite of the oxiflising action of the reagent, it is possible to obtain 
evidence of the formation from n\-ni(rohrnzcn4:-\-azo-2-h>jdroxfi’ 
tinpfithoic add *)f a dief>baltie lake containing the normal propur- 
tioiis of cobalt and aminonia (Co ; NH3 — 2 : 5 ). Ik'sicies containiJig 
an oxidisable naphthalene residue, this lake differs in another 
iiiiixjrtant rcsj[)ect from the fot'cgoing members of the scries un c 
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examination. Its azo-radicle is in tlie ortho-position to the chelate 
gyoup, the constitution of the complex lake hein^f represented by 
formula V, TChcrea.s in the azosalicylates IIk'Sc snhstituents are 
iniitually in the para-position. 



A surrey of the forego! np; diagrams that altliougli those 

cobaltammino lakes of hydroxyazo-dyos derived from salicylic 
acid and 2 : 3 -hydroxynapiitlioic acid vary in complexity with the 
number of salt-forming groups, yet they all conform to the general 
type now identified as characteristic of monochelate dves, the 
relationship of ammonia molecules {m) to cobalt atoms (??) as 
expressed in the equation m ofn — 1), Avhich lias now been found 
to hold for three scries of mordant dye.'^, the quinoneoxirac group, 
the azosalieylatcs, and the monoehclato dyes of the alizarin series. 

That the cobaltammino lakes of the azosalicylic acid dyes have 
a definite relationship to the cliromio lakes of tliese colouring 
matters is showTi by piT paring the yellowish -hull chromic lake from 
sodium m-nitrobenzeneazosalicylate and chrome alum , This simple 



/ 
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\ 
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u(NIo).] 


(VI.) 


(vir.) 


lake (VI) contains two atomic jiroportions of chromium to tlirce 
molecular proportions of the nzosalicylato-radicle. thus conforming 
to the general tyjK' exhibited by the complex cobalt ammine lakes. 
Moreover, .salic3die acid itself contains tlie clielalo group wliicli is 
operative in the foregoing lakes, and should accordingly furnish a 
cobaltammine lake of .similar ty|>e. This anticipation has been 
realised experimentally b}’ the isolation of the sage-given salicvlie 
lake (VII) as a b^'-product in the preparation of the salic^dato: 
cobaltammines (this vol., p. The salicylato-radicle, there- 

fore, is a note worth 3" instance of a cliolate group wliich can fimction 
m two different W’a3’s ; one (tf its isomeric forms giving rise to the 
soluble cr3’stallisal)le salicylattx’obaltainmincs, the other 3'ieldmg 
the insoluble salicylic lake. 
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Expbbimbktal. 

PerUamminodicobaUic m-Nitrobenzeneazosalicylate (Formula II) 

One-hundredth of a gram-molecule (8*6 1 grams) of w-nitrobenzenc 
azosalicylic acid (synonyms Alizarine Yellow GG [M] and Chrome 
Yellow R [P]) was dissolved by boiling in 20 c.c. 'of lOA'-aramonia 
and 30 c.c, of water; the deep red solution treated with 64 c.c o{ 
cobaltammine reagent (M8 grams Co), a thick brown precipitate 
was formed and the mixture after warming at 60° for half an hour 
was cooled on ice. The yield of dark buff cobaltammine lake after 
washing with dilute ammonia and water and drying over soda 
lime was quantitative [Found : Co = 11*1 ; NHg = 8*0 ; N = isq 
(Ci 3H705N3)3 Co 2(NH3)5 lequircs Co = 11-2; NHg - 8*0; N = 18-5 
per cent.]. This lake was also obtained in a yield of 03 per cent 
calculated on the dye, when a 50 per cent, excess of cobaltaminine 
reagent w^as employed. It was insoluble in water, dilute acids 
strong ammonia; pyridine, or organic solvents ; it dissolved sparingly 
in 5A’'-sodium hydroxide vith yellow to red colorations and evolvincr 
ammonia on boiling. In methyl sulphate, and in all concern 
t rated acids, it developed intense red colorations distinct from 
those of the free azo-dye, the latter being precipitated on dilution. 


B isaquopen ta m m i n oro fxi It ic m - N it roixm zeneazosa I icylale ( Fo rni ula I j . 

Aquoixjntanuninocobaltic chloride (5*4 grams in 20 c.c. of water) 
was triturated with exce.s.s of silver oxide and the filtrate con- 
taining aquopontamminocobaltic hydroxide (roseo-base) thoroughly 
stirred with 5*74 grams of alizarin yellow GG, when an intense 
browTi solution wa.s formed, from which a brown precipitate separated 
immediately. Tlie trituration was continued for three hours, no 
ammonia being evolved; the precipitate was then wmshed suc- 
cessively with water, alcohol, and ether and dried over calcium 
chloride; the yield was quantitative : Found : Co = 10*3; NH^- 
14*3. (C,3H,(),X3)3[Co(NH3)3lU)]j requires Co -- 10*0; 
per cent. Thi.s bisaquoptmt.iinmino salt was readily soluble in 
cold 5iV-so(lium hydroxide to an intense orange-yellow solution, 
hut wa.s only sparingly so in 5 A’- ammonia. Methyl sulphate or 
concentrated siil[)buri(^ acid develuiK*d intense yellow colorations 
resembling those obtained from the dye and differing from the red 


colour prcKluced with the chelated lake. 

On boiling with water, i gram of the aquo|X'ntamnnne saltiest 
half its ammonia quantitatively within fifteen minutes, pa-^inginto 
the foregoing eliclated lake, the latter compound then undergoing 
a very slow dpcon)jx>Hition amounting to tho oHminatioii of less 
than one molecular proiwrtu^n of ammonia in an liour. 



BESmtTAL AFFINITY AND CO-ORDINATION. PART XIU. 2871 

experiment suggested that the chelated lake, although appreciably 
iinstable in boiling water, would exist unchanged at this temperature 
in the presence of ammonia. This anticipation was verified by 
boiling for two hours 1*5 grams of the aquopentammine (roseo- 
salt) with 100- c.c. of 5A^-ammonia, the ammoniacal content of the 
solution being maintained by the occasional addition of drops of 
ISi^-ammonia. The reddish-brown aquopentarnmine assumed a 
jrellowish-buff colour, the product (98 per cent, yield), which was 
insoluble in cold 5N-mdmm hydroxide, developed intense red 
colorations with methyl sulphate or concentrated sulphuric acid 
being thus identified as pentamminocobaltic m-nitrobenzeneazo* 
salicylate (II) (Found : Co - 11-2; NHg ==. 8-0 per cent.). 

Bishexamminocoballic m -Nitrobcnzmeazosalicylate 

^N02*C6H4‘N2*CeH3<^^J^^[Co(]^H3)g]2. 

Alizarin Yellow GG Avas triturated for three hours with a solution 
hexamminocobaltic hydroxide (luteo-base); the product was 
3xtracted with cold pyridine to rcunove unchanged dye, washed with 
jther, and dried at the ordinary tcmpcTature over sulphuric acid : 
Found: Co = 9’3; NH3 (evolved in boiling water) 7-8; total 
N’Hj— 15'7. ^i 3W7^5^^3)3[^^{^"II3)8]2 j*^^^ 2^ rcquircs Co — 9’3; 

5NH3 = 8-1 ; I2NH3 1G‘1 per cent. The product after boiling 
ivith water was a buff yellow lake developing orange-yellow' color- 
vtioiis with methyl sulphate or strong sulphuric acid clielated lake, 
it differed from the others under exam inat ion in belonging, 
not to the piirpureo-, but to the I uteo -series, 

[(CnH703N3)3a)l[Co(NH3),l. 

Pentanminodkoballic ^-Nifrobf nznnazosaliryhifc (Formula II). 

A warm solution of 8*01 grams of p-nhrobenzencazosalicylic 
tcid (.synonyms Alizarin ^>l!ow Terracotta [G], 

'Jhrome Orange [P]) in 12 c.c. of IbY-aminonia and 00 c.c. of 
ivater was added to 4o c.c. of cobalt am mine reagent (Co — 118 
grains) and 20 c.c. of water. The mixture. coiitai7iing a thin, 
reddish-chocolate piisfe, was warmed at 70® and then cooled, 
Che insoluble lake (yield quantitative) uas washed successively 
with dilute ammonia, water, ab'ohol, and ether and dried 
mr soda-lime [Found : Co ^ lO t); Nrig 8-2; N - 17'd. 
(^3H705N3)3Ck)2(NH3)5 rcqtlire.s Co - 1 1-2 ; NH3 = 8*0 ; N - 18-5. 
per cent.]. The lake, which .slowly evolved ammonia on keeping, 
'Aas insoluble in pyridine and other organic solvents, except meth)'! 
•'Ulphate, with which it developed an intense red coloration similar 
^0 that obtained with streng a cuts. With hot mV-sodiiim hydroxide, 

' evolved ammonia and dissolved tcTa red solution. 
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3 : Ayijie.nfammino-^ : 4 : 4rkd)aUic BpMzme‘\-azoA‘Oxyhf>}i^p^^^ 
3 : ‘dicarhonjlate. (Formula III). 

The deep red solution containing one-hundredth of a graa 
molecule of m-carboxybenzeneazosalicylic acid (Diamond Yello' 
G [By]), dissolved by boiling with 12 c.c. of b^A'-ammoriia an 
30 c.c. of water, was added to 60 c.e. of cobaltammine reagen 
(Co =1-77 grams) and the mixture warmed at 70'^. A bulf pr^ 
cipitate separated which on analysis proved to be a mixture of th 
lake and ammonium salt of the azo- compound. Accordingly th 
product was treated twice in succession with molecular proportion 
of eobalfaminine reagent. The linal residue, a kliaki-brown powde 
(yield 30 per cent.) gave the following data : Co 14*8* XJf 
144; N-.18-2.^ [(0i,H4),N,)/V,];[Co(NH3)J, requires Co -- i ts 
NH3— 14-2; N ^ 18-7 per eiuit. Tliis tricobaltic lake, uiiicl 
slowly evolved ammonia on kec'ping, wa.s slightly soluble in wato 
or cold dilute aqueous alkalis to yellow solutions; with hot .^V 
sodium hydroxide it evolved ammonia and dissolved witii ar 
orange colour. Insoluble in concentrated aqueous ammonia 
pyridine, and organic media excepting methyl sulphate, it dis 
solved in the last solvent to an intemse red solution similar tn 
that obtained with ooneentrated acid.s. 

2 : 3'-/J/pc/dum//i/’ao-2' : 3 : 4-iV/Vo6n///c 

2 ' : 3 - f //r f/ rhnxjfl atp. ( For m u I a III). 

The warm reddLsh-orange solution of one-hundredth of a grain- 
molecule of o-carhoxybenzeneazosalicyiic acid (Diamond Yellow 
U [By]) in 6 c.c. of ir».V-amnionia and 2(1 e.c. of Imiling water 
was added to 160 e.e. of cobaltammine reagent (('0 - ^ 1-77 grams). 
A slight buff precipitati' apjK*ared, but redis.solved on wanning at 
70’ and no further separation was effooted on cooling until 7 volumes 
of alcohol were added, when a reddish- hr* )\vn lake was precipitated, 
which was washed successively with (lilut<‘ alcohol . alcohol, and 
ether (yield 70 |jer cent.): Fouiid : Co NHg-lt'l: 

X ” 1S‘I. [(t,'jjfI-O.X..)ot O ]![( '(){ XH,j)^J, napiires Co "14‘S: 

14'2; X 18-7 percent. 'I’lie eolour reactions are .similar to iliosr 
of the preceding lakfv 

3' : 6 : H-Tripf ^ltnumino^y : 4' : 6 : >>4tlrfirulial!icVt : i^-lHsidphonajih’ 

thalf nr-'^-nzO’V- oxjfhr a ;; r - 3 ' - ra rhoxijl atP ( Kornui la I V ) ■ 

The warm intensely red solution of 7*1 1 grams (one two-hundrolth 
of a molecule) of the acid sodium j-ydt of 6 : S-disulpitonaphthalene- 
P-azosalicylic aeid ((’nimpsall Yellow [Ii<'V.]) ’obtained hy dis- 
Aolfin^ the dye in boiling watdr (10 c.c.) and 12 c.c. of oA -ammonia, 
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^vas added to 56 c.c. of cobaltanmiiiie reagent (Co = I -77 <rra 
or 60 per cent, excess). A viscid, dark bro^m precipitate apLred 
and on warm.ng at 70“. On cooling the inTnsely 

red solution to 0 , a microcrystalline precipitate separated (yield 
54 per cent) and was washed succes.sively with dilute ammmia 
„-ater, alcohol, and ether and dried over calcium chloride and 
soda-lime : Found : Co ^ 13'5; NHg = 14-4; N 15 . 7 . ^ ^ y.j 
[{^ 17 ^ 8 ^ 0 ^ 2 ^ 2 ) 3 ^^^]* rerpiires Co — 12-9; XH — 13-9 • 
N = 16-0; S- lO'o per cent. Thus crystalline lake, wtich dis’ 
solved in water or dilute caustic alkali.s to a broTOLsh-yehow or 
reddish-orange solution, respectively, evolved ammonia with hot 
aqueous alkali ; it was soluble in dilute acids to a reddish-purple 
solution, concentrated acids and methyl sulphate giving a carmine- 
red coloration and becoming purple and orange on dilution. In- 
soluble in pyridine, it dissolved sparingly in concentrated ammonia. 


Dichromic ta-Xilrobemeneazoialicykle (Formula VI). 
w-Nitrobenzeneazosalicylic acid ( 8-6 grams), dissolved to a deep 
red solution by boihng in 30 c.c. of A'-sodium hydroxide and 50 c.c. 
of water, was added to 65 c.c. of 046A'-chrome alum (= 0-52 gram 
Cr), when a lemon-yellow precipitate appeared, assuming a buff 
colour on boiling. Phis product, extracted with benzene in a 
Soihlet apparatus, yielded 1-5 grams of dye insoluble in this solvent 
[Found: Cr =10-6; X _ 12-7. (Ci 3 H, 0 ,X 3 ) 3 Cr, requires Cr 
10-8; N — 13-1 per cent.]. 

This dichromic lake was in. soluble in organic media, in water, and 
in cold dilute acids and alkali.^. It dissolved to a yellow^ solution in 
hot o.V-sodium or ammonium hydroxide, in pyridine to a yellow 
solution, ill methyl sulphate to a red solution, and in concentrated 
nitric or sulphuric acid to an orange solution. It was insoluble in, 
but changed to brick-red by, eoneent rated liydroclilorie or synip}^ 
phosphoric acid. 


^■PeiUaininiiw-’Ji : MinMlic in \ilrobcuzr,ic-l-a:o--U.ry.3.naj>kh- 
ixitr (L*V>rmula \). 

in-Adro 6 en:e/n>I-rt;o- 2 -/iyd;v>.i 7 /- 3 '/mp/i^/io/V acid was prepared 
by coupling 7/i-nitrofx‘nzencdiazonium chloride (( 1*9 grams 
with 2 : 3-hydroxynaphtlioic acid ( 9 -9 grams) in 
bO c.c. of SAV-sodium Jiydroxide and 200 c,e. of *V / 2 -sodium acetate ; 
the solution-, containing a dee]) red deposit, was warmed at 80°’ 
and acidified ; the vermilion ]irceipitate, when crystallised from 
pyridine, in w-hich it wus modiTately soluble, separated in coppery- 
red needles melting at 271—273° (Found : X = 13-0. Ci-HnOgNj 
requires N -= 12-5 per cent.). Thisiazo-pigmcnt was insoluble in 
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water or concentrated hydrochloric acid and dissolved only spar, 
ingly in aqueous ammonia or caustic alkalis. Methyl sulphate and 
concentrated sulphuric acid developed intense carmine-red color, 
ations. 

When 7-4 grams of the azo-hydroxynaphthoic acid were sus. 
pended in 60 c.c. of hot 5A"-ammonia and treated witli 48 c.c, oi 
cobaltammine reagent, a brownish-red product separated which 
assumed a chocolate colour on heating the mixture to 60^, After 
cooling over-night, the supernatant liquid and a small amount of 
oxidised scum were decanted ; the residue was w'ashed successively 
with dilute ammonia, w'ater, and alcohol, 8-4 grams of the 
brown lake being obtained [Found : Co ~ 10-3 ; NH^ = 6-9. 
(Cj7H805N3)3Co(NH 3)5 rcquircs Co = 9-8 ; NHg = 7-0 per cent.], 
It was insoluble in water, aqueous alkalis, and dilute acids; it 
dissolved in pyridine to an intense brown solution and developed 
deep red colorations with methyl sulphate and concentrated nitric 
acid or sulphuric acid. 

Pentammino-\ ; 24icobaltic 'H-Oxybenzoate (Pentamminodicchaltic 
Trisalicylate) (Formula VII). 

Reference has already been made {this vol., p. 1961) to the 
formation of the cobaltammine lake of salicylic acid as a by-product 
in the preparation of salicylatocobal tarn mine salts, the maximum 
yield being about 12 fier cent. It was thus obtained as a sage 
green powder insoluble in water, dilute acids or alkalis, and the 
ordinary organic solvcnt.s including pyridine [Found : Co = 17*7; 
NHg = 12-7. (C^H^OglgCoolNHaljiHsOla requires Co ^ 17-7; 
NHg = 12-8 per cent.]. This lake, w'hich ivas also obtained from 
disodium salicylate and a Iwiling solution of hexamminocobaltic 
chloride, evolved ammonia on w’arming with 5*V-sodium hydroxide; 
it developed brown colorations witli methyl sulphate and con- 
centrated sulphuric or nitric acid. Hot concentrated hydrochloric 
acid decomposed it with evolution of chlorine into salicylic acid 
and a green .solution of col)altous ehlorkle. 

The authors de.'.irc to express their thanks to the Advisory 
Council of the Department of Scieiitilic and Industrial Research for 
grants which have helped to defray iho ex|)cn3e3of this investigation. 

DKCAHiurN t, 

UnIVEIWITY or IJlKMf.MiUAM, 

Kdoua.sTON. [Hcccivrd, November ith, IW;!.] 
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—Boundary Lubrication and Chemical Con- 
stitution. The Optically Active Carhinols of the 
Formula C2H5-CH(OH)-C„H2„+i. 

By Ida Doubleday. 


In measurements of lubricating power, a slider having a spherical 
face is applied to a plane surface, lubricated with the substance under 
investigation, in an atmosphere of perfectly clean, dry air The 
conditions operating are those of “ boundary lubrication,” and the 
horizontal force which just fails to cause motion of the’slider im- 
mediately it is applied is taken as a measure of the static friction 

It has already been shown (Hardy and Doubleday, Proc Eoy Soc 

1921, [A], 100, 550) that for certain homologous series of carbon 
compounds, the coefficient of static friction {/. =. poll in grams 
divided by weight of shder) is a hnear function of the molecular weight 
of the lubricant. With the exception of the lowest two members of 
the acid series, formic and acetic acids, this relation holds strictly for 
the normal paraffins and their related primary alcohols and acids. 

Through the kindness of Dr. Pickard, the author has now had the 
opportunity of examining a long homologous series, comprising 
the optically active forms of fourteen normal secondary alcohols of 
the formula C 2 H 5 ‘CH{OH)*C„H 2 n.^j (where n varies from 1 to 15) 
prepared by himself and Dr. Kenyon (T., 1913, 105, 1923). These 
carhinols are of extreme purity. In the homogeneous state, 
abnormality as reg?irds molecular rotatory power was found when 
n = o (or 6), 10 (or 11), or 15 [he. cit .) ; that is, at those members 
of the series where the growing chain may be expected, from stereo- 
chemical considerations, all but to return on itself. The viscosities 
of the members of tw'o similar series, CH 3 *CH(OH)*C„Hon+i and 
(^H 3 ) 2 CH‘CH( 0 H)*C|,H 2„4 j, and the esters of these, were deter- 
mined by Dunstan and Thole (T., 1913, 103, 127; 1014, 105, 782) 
hut no similar abnormalities were observed, and the curves connect- 
ing the logarithms of viscosity with molecular weights in each series 
were found to be linear. 

It was suggested by Dr. Pickard tliat lubricating power might 
be a more liighly constitutive proiXTty tliaii visco-sity, and that 
measurements of might give some indication of the spiral form of 
the growing carbon chain; the present investigation was therefore 
undertaken with the object of testing this s\iggcstion. 


Experiment.^l, 

The apparatus and experimental method have been .folly described 
earlier papers (Hardy, Phil Mag., JOIO, [vi], 3^, 32; Hardy and 
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Doubleday, Proc. Boy. Soo., 1921. [d], 100, 550; 1922, [.4], 

^*Me^uremeiits were made on glass and steel and with the lubricants 
both in the flooded state and as a primary film formed by spreading, 
The solid carbinols (ethyl-fi-octylcarbinol and all higher members) 
were deposited as invisible films from pure, dry ether, and were also 
used in the liquid state, the temperature in the experimental chamber 
being re<nilated to about 1“ above the melting point of the solid; 
previous°investigation having shoivn that, at any rate from 15“ to 
110“ « is independent of the temperature so long as the lubricant 
is completely fluid or is applied as an invisible film. The possibflity 
of partial racemisation with increase of temperature could be dis. 
regMded, as these optically active carbinols are known to be 

extremely stable. > i i 

The values of the coefficient of friction, }i > , are given below for 
flooding and primary films on glass and steel (Table I). It wiU be 
seen that within the limits of experimental error the corresponding 
flooded and film values are identical in each case. 


Lubricant. 

d-Methylethylcaibinol 

Diethylcarbinol ■ • ; ■ 

<f-Ethyl'rt- propylcarbinol ... 
(/-Ethyl- rt-butykarbmol 



d-Ethvl /i-hesylcftrbmol 

(//-Ethyl-H-bexylcarbinol 

(i-Ethvi-ri-heptyUarbmoI .. 

(i-Ethvl-n-octylt-arbmo 

/-Ethyl- n .noiiylcurbmol 

/.Ethvl-n-ilecyU'tirbinul . ■ ■ • ■ 
/-Ethvl-fi-undccylcarbinoi 
/.Ethvl-u-dodecylcarbmol - . 
/.Ethyl -u-tridecylcarbinol 
/-Ethyl-fi-pyuta^^h’cylcurbmol 


Table I. 


Lubricants on Glass. 

Primary 

Lubricants on Steel. 

Primary 

Flooded. 

&lm. 

Flooded. 

film. 

n-6215 

0-6246 

0-4453 

0-4416 

0-520{J 

0-5192 

0-3601 

j 0-3552 

0-4657 

0-4623 

0-2962 

^0-2973 

0-4400 

0-4454 

0-2680 

0-2643 

0-4105 

0-4098 

02378 

0-2378 

U-3812 

0-3812 

0-2152 

0-2206 

0-3124 

0-3087 

0-1663 

0-1507 

0-3531 

0-3495 

0-1834 

0-1804 

0-3282 

0-3304 

0-1605 

01577 

0-3006 

0-2986 

0-1298 

0130!) 

0-2713 

0-2701 

0-1072 

0-1054 

t) 2423 

0 2377 

0-0701 

0-0664 

0-3814 

0-3829 

0-2024 

0-2001 

0-1004 

0-1868 

0-0226 

0-0218 

0-1351 

U-1364 

immeasur- 
able ; slider 
moves with 
weight of 
scale pan. 

unmeusiur. 
able ; slider 
moves iritli 
weight oi 
scale pan. 


Tf the 0 values of /X arc ploUcd against molecular weights, the curves 

% 1 » “K” 

Tower for steel. . / n n 

Discussion of ResuUs. 

weight, lie on a straight line, and moreover, the curves lorg 
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steel are parallel. The slope of the curves is slightly greater than 
that of the normal primary alcohol series, given in a previous paper 
{loc. cit.). Therefore, if the first two and the twelfth members of 
the series be neglected, the curves satisfy the equation 

, fi ~ b — aM 

where M is molecular weight of the lubricant; a is a parameter 
independent of the nature of the solid face and dependent only on 
chemical type, varying from one chemical series to another; and 
6 is dependent on the nature of the sohd face, as well as on the 
chemical series. This is the relation previously shown to obtain 
for normal paraffins, alcohols, and acids (see earlier papers). 



Any -abnormalities due to the spiral arrangement of the carbon 
chain should be shown when cither the branch chain or the whole 
chain of the carbinol molecule contains a multiple of five carbon 
atoms. That is, departure from linearity might be expected at the 
amyl, decyl, and pcntadecyl carhiiiols (5, 10, and 15 carbon atoms 
in the branch chain) ; or at the ethyl, heptjd, and dodecyl carbinols 
(5, 10, and 15 carbon atoms in the whole chain). Actually abnorm- 
ality is found in two cases where the number of carbon atoms in 
the whole chain equals a multiple of five, that is, at the ethyl and. 
dodecyl members. A glance at the curves, however, will show 
that some explanation other than the dLspo>ition of carbon atoms 
lu the chain will have to be found to account for the abnormality, 
for no trace of irregularity is shown by the heptyl member, and 
further, it is highly improbable that^he effect for a chain of fifteen 
VOL, CXXI. 0 E 
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carbon atoms would be greater than for one of five, yet the actual 
abnormality shown by the dodecyl carbinol is very much greater 
than that of the diethyl compound. It is evident, therefore, that 
the spiral arrangement of the carbon chain, if it exists, exerts no 
influence on the lubricating power. This is in ag^ment wth the 
view advanced by Hardy, that in the primary films with which 
we are dealing in lubrication measurements, the atomic pattern 
of the molecules suffers rearrangement, somewhat like that which 
occurs in crystal formation. The primary film m a s^e may be 
said to be crystallised ” {Proc. Roy. Soc., 1921, [^]. 10°. “JO)- 
In the case of the dodecyl carbinol, the abnormally high value 
of a is hard to explain, unless we assume that the sample was 
contaminated by some impurity. It is known that a mmute 
percentage of impurity may affect the lubricating power enormously ; 
thus the merest trace of moisture will raise the value of y for 
the primary alcohols nearly to the “ clean” value (= 0-94 for the 
wlass used). The compounds employed in the present investigation 
were as has already been stated, of an extremely high degree of 
purity strong confirmation for this being found in the general 
linearity of the curves. It is possible, nevertheless, that a trace 
of moisture or other foreign substance had found its way into the 
specimen of dodecyl carbinol, and that the exaltation of friction 
wus due to this. There seems to he no other possible explanation. 
It may be noted that this carbinol has also been found to be slightly 

abnormal as n'gaids density. „ , j ,u i 

The departure from linearity shown by the meth}i and cth\ 
carbinols is not unexpected, since with almost every physical 
proiiertv, tlic results for the fimt one or two members of an homo- 
Lmis senes tend to anomaly. This is often asenbed, m the case 
of hvdroxyl eomiiounds, to the high degree of association possessed 
by the iifitial members. In the ease here considered, however, 
tL abnormality is in the wrong direction. Association by m- 
ereasing the mJlecular weight, would tend to lower the ''^1™ ^ 
whereas actually the values obtained for the two compjn « 
higher than would be expected. An associated “"j 
have less residual affinity than a single 

po.s.sible that if association does L “jse 

to increa.scd molecular weight is more than balanced y 
due to diminished residual affinity. 

There remains one more ,Knnt of interest to be 
active compound.s examined, some that the 

rotatorys a^d from the results o tamed te 

lubricating power is “f^Athylhcxjdcarbm^^ 

found, howtner, that the dffmodification of ethym y 
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gave a value for fi considerably lower than that of the correspond- 
ing (i-carbinol (see Table I). Several measurements were made, 
))Ut the same low value was always obtained. At present, no other 
compound has been examined, but if this result was not due to 
impurity arid can be confirmed in other cases, it is of considerable 
theoretical importance as indicating that the molecular conditions 
of the inactive and active liquids are different. 

The question of the existence of liquid racemates is one over 
which there has been a great deal of controversy, and the evidence 
obtained has been conflicting. Various physical properties of 
liquids have been utilised in an attack on the problem, such as 
the molecular volume, viscosity values (Thole, T., 1913, 103 , 19), 
absorption power (Steward, T., 1907, 91, 1537), refractive index 
(Pope and Peachey, T., 1899, 75, 1111), and molecular weight as 
determined by Ramsay and Sliields's surface tension method (Mitchell 
and Smith, 'T., 1913, 103 , 489). In spite of the huge accumulation 
of data, none of the methods employed can be said to have definitely 
established the existence of liquid racemates, and in the case of 
the normal secondary alcohols the methods hitherto used have 
(riven negative results only. Tiic applicatiou of lubrication measure- 
ments should be eminently suitable for investigating this problem, 
since the lubricating power of a liquid is very essentially a mole- 
cular function. It is, of course, impossible to theorise on the single 
example given above, but it is li(q)ed to continue the investigation 
by examimng several ^/Mi(iuids and their corresponding dextro- 
and hcvo-rotatoiy forms. 


In conclusion, the author wi>]u s to express her best thanks to 
Dr. Pickaixl for suggesting tlie rese uvli and for the loan of matenal. 


PUVSIOLOGICAL LaBO»ATOIIV, 

Umvkbsity ok Cambkiduk. 


[Hccekcd, youmbcr ^th, 1922.] 


CCCXLVI.-r«# Dyes of ike A:o-smcs. 

By Dhikexdra Nath Mukekji. 

This work was undertaken with the object of disco\eriug a method 
by which insoluble azo-dyes could he fixed on textile 
The investigation of Green and Boarder (T., 1911, 19b0) on 

uitrohydrazo-com pounds suggested the idea that suitaj e 
compounds might be applied as vat dyes. It oun a 
iip’-dinitrohydraiobenzonc was absorbed by wool rom i u c 

alkaline solution and on exposing the fibres tu air the corres^ndmg 

0 E «• 
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dinitroazobcnzene was regenerated within the fibres, but the dye- 
ings wei*e not so fast to washing and alkalis as expected. The 
preparation of similar compounds of deeper colour was then 
attempted, and three azo-dyes were prepared. Of these, p-nitro- 
benzeneazo-4-nitro-a-naphthol and p-nitrobenzeneazo-o-nitrophcnol 
could be reduced to the corresponding hydrazo-cdmpounds with 
alcoholic ammonium sulphide. The reduction of the third com* 

})ound, 4-nitroiiaphthaleneazo-4-nitro-a-naphthol, could not be 

tried on account of its smaU yield. The hydrazo-corapounds thus 
obtained were not very soluble in dilute aqueous alkali. However, 
it was found possible to use them as vat dy^ and to regenerate 
the azo-compounds by exposing the fibi^es to air. But the metliod 
does not seem to be very promising, as the dyeings have not the 
desired fastness. Moreover, the hydrazo-compounds are not 
readily soluble in very dilute aqueous alkali, which alone is suit- 
able for a wool-dyeing batli. Cotton, which will withstand more 
concentrated alkali, does not readily absorb the hydrazo-compounds. 


Exfi:rime>^tal. 


jyp* 'Dinit^ohydrazobenzenc. — This compound was prepared accord- 
ing to Green and Bearder (loc. cit.). 

Wool Dyeing.-OOb Gram of the substance was dissolved by 
iHoiling with 15 c.e. of water containing O’Oti gram of potassium 
hydroxide (six times the theoretical amoimt). One gram of wool 
was then introduced into the vat, which Wivs kept at tlic laboratory 
temperature. The \\<)ol was taktui out after an hour, well wrung, 
and expo.^rd to the air for two to tlin?c liom-s. Tlie colour of the 
dyeing changed from dee)) blue to goldcn-ycUow'. 

'cotton Ihieing.-CoiUm was dipped in a 0 i)er cent, luiumis 
,H.ta.sh solution of the .lye.tulf (o Fr cent, by wfigl.t of t ie 
.Otton u»cd). The euluUf .•lianfi.-d from lisht blue to yellow hv 
<.xidatiim ill KM-. It w,t.s found tintt very little of the dye.dull 


w.u taken up bv ct)tton. 

M i yt-Nitruaiuliiie was diazo- 

ti.' d‘in the usual wav at, d ciui.led with 4 -uitro-a.nai.hthol, dissoM 
iu a strong sidutmu of sodium carbonate. a 

v„us ervitalli.sed from a niivture of nitroben/ene (' I'"' P';.., 
acetic 'acid (4 parts) and obtained , 

melted with deeonip...siti.in at Jt sparing y so 

alcohol, acetone, er acetic acid, but dis.soI\cs readily 

W™.;, 11 » in .IM; >■“' ' * 

concentrated sul[)huiie acid, yielding a \ lo e so u , 

It was obtained it, a line state of division by “ 

(Found : N - IC M. C„Hu(/,X, requires N = 16 o6 pe^ 
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p.OTro6€n2«n€Ayiimso-4-nt7ro-a-7ia;3A^^?, 

N02*CeH4*NH*NH*CioH5(N02)*OH, 

_One gram of the finely divided azo-compound was warmed at 
00—70^ with 20 c.c. of alcohol and 1 c.c. of ammonia while a slow 
current of .hydrogen sulphide was pas.sed into the mixture until 
solution .was just complete. Dilution with water precipitated the 
hydrazo-compound as a brown, amorplious mass, which was 
filtered, washed, and purified by extraction with acetic acid. The 
substance melts at 220°. It is readily soluble in alcohol, acetone, 
or acetic acid, but insoluble in ether. It dissolve.s in alkali with a 
bluish-green colour, which fades on exposure to air, a brick-red 
precipitate, which resembles the original azo-compound, being 
formed. The dyeing of wool was effected as with dinitrohydrazo- 
benzene. The colour changed from violet to rose -red on exposure 
to air (Found : C == 56-11 ; H = 3-62; N = 16-32. 
requires C — 56‘47 ; H = 3 o2; N — 16‘47 per cent.), 
p - ]j^iirohenzp,nthydra 2 o->o - n i t ropkenol^ 

N02-C6H,-NH*NH-C«H3(X02)-0H. 

— p-Nitrobenzeneazo-o-nitrophenol (Hewitt and Mitchell, T., 1905, 
87, 229) was prepared in a different manner by diazotising p-nitro- 
aniline and coupling it with o-nitrophenol. It was then reduced 
in the ^me w'ay as p-nitrobcnzcncazo-4-nitro-a-naphthoI. The 
crude hydrazo-compound w-as freed from unchanged material by 
Iwiling with benzene for a few minutes, and further purilied by 
extraction with alcohol. The substance melts with decomposition 
<at 200°. It is readily soluble in alcohol or acetic acid, insoluble 
in benzene, and dissolves in alkali with a fine blue colour. The 
alkali solution decolorises on expo.siire to air, leaving a brown 
])recipitate. The dyeing of wool was effected as with the other 
hydrazo-eompound.s. The colour on expo.siire to air changed from 
violet to lirown (Found : 0 — 49'ol; H — 3*79; N “ lO'dl. 
('i^HioO^N^ requires C ■ 49 65; H ~ 3*44; N " 19*31 per cent.). 
■\-yifro)iapkthaleneazoA-nitro-x- naphfhol, 

N02-CioH,-NVCioH,(X02)d)H. 

- It was not found necessary to separate I-nitronaplUliylamine 
from the 2-nitro-aeeto-a-nap!tt!iaIide formed during it'*, preparation 
(biebermann, PSTO, 183, 229). Two grams of the mixture 

were diazotised in the onl inary way and the miclmngeil 2-nitro- 
aceto-a-napht halide w-as removed by tiltratioii. 'the use of ethyl 
nitrite in diazotisation {loc. cit.) is tliereforo not necessary. Thi* 
solution of 4-nitronaphthalenodiazoniiim chloride was coupled 
with 1 gram of 4-nitro-a-naphlhol, di.’^.solvcd in a solution of sodium 
carbonate. Thc; dyestuff crystallises from a mixture of nitrobenzene 
(I parts) and acetic arid (1 ])art),in brow*nish-rod needles which 
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melt with decomposition at 240®. The substance is almost insoluble 
in alcohol, acetone, or acetic acid, but dissolves readily in nitro- 
benzene (Found : N -= 14-34. requires N 14-43 pe,. 

rent.). 

In conclusion, the author expresses bis sincere thanks to Pro- 
fessor E. R. Watson for his kind encouragement and valuable 
suggestions. 

Dacca College Laboratory, 

Dacca, Bengal, India. [Received, Oetoher 24M, mi] 


CCCXLYll— Researches on Residual Afmily and^ Co- 
ordination. Part XIV. Interactions of Metallk 
Salts and Dmethyldithiolethylene. 

By GTr,BERT T. and Wn.™ii> Leddi.-ry. 

The selective character of chemical aflinity is manifested in llie 
combination of the metals with oxyg(‘n aiul sulphur, respectively. 
The metallic element. s may in this respect be divided roughly into 
two main series; one series, exhibiting a marked tendency to 
combine with oxygen, occurs in oxygenated minerals, whereas 
the other series shows a similar projamsity for association with 
sulphur, the latter group being found in the natural sulphides. 
The line of demarcation is, however, not sharp, as several metals 
occur both in oxygenatcfl niineral.s and in sulphides. 

The researches deserihed in this eomniunication deal with a 
representative set of llie metals comhining preferentially with 
sulphur. On the current <'lei-lrunie theories of eliemical combin- 
ation, .ailphid(^s arise as a result of the sharing of electrons between 
lliP rldieles of electTopr.sit ive im tals ami electronegative sulphur, 
tlie latter element being uniformly bivalent in these eoinhinatinii>^. 
'iVre is, however, abundant < \|M‘rim('n1al evidence for the Mk-f 
that this interehanuf of (doctrons does not exhaust the possibilities 
i.f chemical eomhination. The metallic radicles and the bivalent 
sulphur atom each exhibit reMdual aflinity: the former in tlinr 
livdrated and animonialcl .salts, the latter in such eo nrdmatol 
compounds <a.s (Clf;^).iS.Znl>r 2 and 2(( U- 

' Our results show that there is at le^^i a ipialitatlve relatioib'i] 
between the tendency for a nirtallie radicle to combine with ^ulpliur 
by principal or eh'ctronic valency and its 
a.s8ociated witli alkyl suiphidcfl, the 
employed l>eing dimethyldithiolethylcne, tta- 
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stAnc6 which functions co>ordinatively as a chelate group containing 
two associating units. The metals are considered in periodic order. 


Group I --The Curr{>nc.y Melnh. 

Cupric chloride and l>romide combine in molecular proportions 
with dimethykiithiolethylene even in aqueous solution. The 
resulting dimethyldithiolethylene cupric haloids (I) show, however, 
a marked tendency to change into cuprous compounds {II), the 
instability being especially noticeable in the case of the 
dibromide. 



The diminution iji the valency of copper is accompanied !)y an 
alteration of colour as the dark green cupric compound changes 
to the white cuprou.s derivative. This reduction offers a close 
analogy to the change occurring in the precipitation of cupric 
salts by hydrogen .sulphide, when the product consists partly of 
cuprous sulphide. 

A similar parallelism is observable in the case of gold salts. 
Precipitation with hydrogen sulphide leads to reduction, the pro- 
duct containing only the lo^er gold sulphides. Auric chloride 
and the dithiol ether furnish yellow dimethyldithiolethylene auric 
chloride. (Ill), stable only in the absence of moisture, which, in 
contact ^vith water or moist solv'cnts, undergoes reduction yielding 
white dimefhyldifkioleUiykne aitrousi chloridf (IV). 






Owing to their highly associated character, the silver haloids 
could not be brought into combination with the di thiol ether even 
under pre.ssure at 220 \ 


Group i I -Mitah of the Zinc Fumily. 

In this group of metals the stability of the sulphide increases 
with the rise of atomic weight : from magnesium sulpliide, decom- 
posed by cold water, to imTCiiric sulphide, which is extremely 
resistant to strong mineral acids. The co-ordination compounds 
of the zinc group with alkyl sulpliidcs show^ a precisely similar 
change in stability. Combination was observed between magnesium 
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iodide and the dithiolethylene in anhydrous ether, but the product 
dissociates rapidly at the ordinary temperature. 

Bimethyldiihiolethylene zinc bromide (V) is more stable, but is 
decomposed by water or alcohol. 

DimethyldUhidethylene cadmium iodide {VI) can be. prepared in 
aqueous solution, although the corresponding bromide and chhrlit 
are decomposed by water or moist solvents. 




(V.) 






-s 

CH, 


ZnBro 




(VI.) 


Considerably greater stability is observed with the dimetkyldilhiol^ 
ethylene mercuric haloids (VII), and this stability increases from the 
chloride to the iodide. 


CH3 

^ ( 

CH3 

X - Cl, Br, or I. 


CH 

lu 


3 

’^82(^03)2 

3 




It is noteworthy that the interaction of the di thiol ether and mer- 
curous nitrate is attended by the elimination of a considerable 
proportion of the mercury prt‘sent as in the sulpliide precipitation 
of mercurous salts, but on operating in the cold, a white, crystalline 
dimethylditkiohthyhne mercurous nitrate {V7II) separates, which 
is, however, very unstable, water or moist solvent.s causing a separ- 
ation of inercur}*. This tendency of the mercurous additive com- 
pound to shed a jwrtion of the metal is reminiscent of many anal vtical 
reactions of mercurous salts. 


< irony III. 

The rare metals of tlie gallium gnnij) were not t(\sted with the 
dithiol, but Kurowski's nijsorvation [Her., llKXb 43, 1070) that 
thallous acetylacetono combined with carbon disulphide wa? 
reviewed in detail whon it was found that the reaction with thi^ 
thallous derivative anrl also with tliallou.s Ixuizoylacctone wr.s net 
one of simple addition. In eaeli ca.se lialf tlie '^j-diketono radicle 
was replaced hy a inoleeular pro|>orti(m of the bisulphide. The 
orange-coloured profincts were, however, amorphous and very ill- 
defined, so that it was not possible to derive a rational birmiilafor 
these .substances. 

Grouy I W 

The stannic haloirls eombined reatlily with the dithiol ether 
and. in the case of the ehloridft (IX) considerable heat was goner- 



PAET XIV. 2885 


RESIDUAL AFFINITY AND CO-ORDINATION. 


ated. This ad<htive compound and the corresponding bromide 
(IX) show a Afferent order of co-ordination from that indicated 
by the iodide (a). 


(I""-’ ?H^-S-C>S'>Cl,orBr, 

CH 3 


VH 3 

VH2-«~SnI, 
CH,--S-~SnI, (X.) 

CII3 


It was not found possible to induce a combination of the dithiol 
ether with the more associated lead haloids. 


oVoup V. 

The most strikmg result in this group was obtained with bismuth 
iodide, which gave rise to a bright scarlet, crystalline trisdimethyU 

(XI). The appearance of this 
co-ordination compound recalls a dry test for bismuth in which 
a compound of the metal after heating before the blowpipe with 
sulphur and potas.sium or cuprous iodide furnishes a scarlet in- 
crustation stated to be bismuth iodide (Fresenius, Qualitative 
Chemical Analysis,” 1887, p. 150). The new red co-ordination 
compound is, however, very sensitive to Hght or moisture and, 
losing a portion of the dithiol ether, passes into dime thy Idithiol - 
ethylene bismuth tri-iodide, a black substance of simpler type 
(XII). ^ 


(XL) 


CHn- 


CH, 


-S — 

CH, 


CH, 

I 3 



CH, 

CH3 “ ^ 

. CH-S-Bil, 


CH -S-Bilj 

1 

CH3 



CH3 



(XII.) 


Group 17//. 

Of the transition elements, platinum had already been combined 
'rith dialkyldithiolethylcnes by Tschugaeff and Kobljamski {Z. 
anory. CAem., 1913, 83, 14), prcnlucts of the foUomng types 

[C 2 H,(SB) 2 ,PtCy, [;C 2 H,(SR) 2 !Pt]Cl 2 and [ ;C 2 H 4 (SR),! 2 Pt]PtCli 
being obtained with each di thiol ether. 

With potassium palladochloridc, the dithiol ether furnished 
quantitatively ^nly one product, the well-defined, crj’^talline 
^^^^hyldithiolelhyhne palladous ckloridn, {XI 1 1), from which the 

.5 T7* 
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correspoudiiig Iromide, iodidey and nitrate are obtainable by double 
decomposition. The hydroxide, produced in aqueous solution by 
the action of silver oxide, is distinctly alkaline, so that it is prob. 
able that the chloride exists at least partly in an ionised con- 
dition owing to the tendency for palladium to have a co-ordination 
number less than four. 



r 


9^3 '■i 


CH,— 


CH,,— 1 

(Xlll.) 



CH„— S-'-’P** 


- ' CHj J 

L CH 3 J 


Nummary. 

1. In certain instances the metallic radicles precipitated as 
sulphides in analytical practice give rise to well-delined co-ordin- 
ation compounds with dimethyldithiolethylcne. 

2. Whenever the analytical procedure tends to produce an 
alteration in the valency of the metallic radicle a similar tendency 
is observable with the dithiol derivatives ; diminution in valency 
is noticed with copper and gold, w^hereaa an exaltation of valency 
accompanied by partial elimination of metal is indicated in the case 
of mercurous salts. 

3. Of the metals examined, those forming the most refractory 
sulphides furnish the most stable dithiol co-ordination compounds. 

4. It may be concluded from these experimental results that the 
same selective affinity is at work between sulphur and the metallic 
radicles whether it is effective as principal valency in producing 
sulphides or whether it operates as residual affinity in the formation 
of co-ordination compounds. 

Experimental. 

Preparation of Dimethyl IHlhiotethylene, CH 3 *S’CH 2 ‘CH 2 ’S*CH 3 , 

Methyl mercaptan, the starting point in this research, was pre- 
pared conveniently by Arndt's method (Per., 1021, 54, [5], 2236), 
in which thioun^a is converted into methylthiourca sulphate, the 
latter substance being hydrolysed by 5!V-8odium hydroxide into 
dicyanodiamide and methyl mercaptan (b. p. 6®). The volatile 
product was collected in a bulb tube, cooled with solid carbon dioxide- 
arid ether, and con veiled into its sodium salt by pouring into 
saturated alcoholic swla. To the alcoholic solution of sodium 
mercaptide in a reflux apparatus was added the calculated amount 
of ethylene dibromide. Considerable heat was generated, sodium 
bromide separated, and the double decomposition was completed 
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Oil the water-bath. Tlic alcoholic mixture was ,>^,...,,1 • < 
the heavy oil subsided, and a further amount was oLL^d 5 
extracting the aqueous solution with ether. The crude dbhin^ 
was dried over anhydrous sodium sulphate and distilled the f 

Bi,dmtlh!jldUhiohlh,jl< nr f 

(C Hj'tS 'CUf^-iS 

On adding the ditWocther (1-8 gram,;) t; 3:2 grams of hydrated 
copper sulphate in dO e.c. of water, the .solution as.sumed a vivid 
emerald-gTccn colour, but the oily thio-coiupound remained undis- 
solved. The addition of o grams of pola.s...um bromide in saturated 
aqueous solution caused a further colour change to dark olive-vrceii 
and on continued agitation a browni.sh-w bite, crystalline substance 
slowly separated, the colour of the solution faded to light green 
and the odour of the thioethcr almost disappeared. The product’ 
after w'ashing with alcohol, chloroform, and ether, was dried over 

"ith decompo.sition to a clear liquid 
at 161— 162 (bound: tii -.2:1-94: Br .= .30-2,5 ■ S = •'.3-94 
(-'gHsoBrjS/hi, requires Cu 2:1-95; Er 30-12; K = 24-10 per 
cent.). ’ ^ ^ 

BisdmelhyldilJiiohlhjhnt aiprous bwmuk separated in six-i^ided 
plates insoluble in water and the volatile organic media with tlie 
exception of pyridine, which dissolved the compound to a bright 
yellow solution, becoming olive-green on warming. 

Bkdi mdhyUUth ioldh yhr r 
To a solution of 1 gram of 

--i- - jji Ai.f ui wiuer 

was added 1 gram of the organic disulphide in alcoholic solution 
together with 4 c.e. of concentrated liydrochloric acid. The 
addition of a largo excess of alcohol caused the cupric chloride 
additive compound to separate from tlic olive-green solution in 
'cry dark green, almost black, clusters of wcll-detined, glistening 
needles, which, after washing sueeessi\ely witli absolute alcohol 
and dry ctlier, retained a faint odour of tiic organic sulphide (yield 
gram). On long exposure, the compound assumed a grey tint 
owing to reduction from the cupric to the cuprous condition. It 
|va8 appreciably soluble in absolute alcohol and separated from 
IS solvent in dark green, acicular crystals, melting and decom- 
posing at 130 loO’o'. The compound was only spiaringh’ soluble 
m the common anhydrous organic &cl\vnU (Found ; Cu - :24-83; 

® C^HjoCI^SjCu requires Cu == 24*79; Cl 

27*68; S = 24-95 per cent.). 


Chloride. (Formula 1). 

.‘iipiie chloride in li> c.e. of water 
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Dimelhyldithiolethyhne Bimnrous Chloride (Formula III), 

The thioether was added to a solution of auric chloride in water 
or in moist ether or alcohol so long as a yellow precipitate wa^j 
produced. The mixture was then agitated until the colour of this 
precipitate changed to white, a b^o^vn, viscid material being formed 
as a by-product. The white product consisted of microscopic 
rod -like crystals, which were dried over concentrated sulphuric 
acid (Found : An -- 00*85; Cl ~ 12*10. C 4 HJQCI 2 S 2 AU 2 requires 
Au = 07-14; Cl = 12*09 per cent.). 

This white co-ordination compound was only very sparingly 
soluble in alcohol and almost insoluble in other volatile organic 
media; it blackened without melting at 178 — 179®. 

Dimcthyldithiokthyknc auric chloride (formula IV) was oh. 
Uined in agglomerates of small, orange -ye How, acicular crystals 
when the thioether was added to a solution of auric chloride in 
dehydrated ctlicr. This yellow' auric derivative w'as rapidly con- 
verted into the preceding aurous com})ouiul by the addition of 
water, but [iroviding that all moisture w'as excluded it remained 
suflicieritly pern^anent for analysis (Found: Aii— 40*40; Cl = 
24-90. CVIjoCl^S.Au requires Au - 4()*:i:i ; ('1 - 25*02 per cent.). 

The dithiol auric chloride decompo.sed indeliniti-ly at 70— 
and wa.s decomposed by moist .solvciits. 

Dimflhyldithioleihijlene ikr'unt'ivcs of Mayncsiumj Zinc, Cadmiuu}, 

aud MiTCunj. 

Dime ihyidi til i( dot hyicne magnesium iodide, which w’as produced 
by adding the thioether to anhydrous magi\esium iodide in dry 
ether, separated in colourless crystals on com en tinting the ethereal 
solution, but it decomposed so quickly into its generators even at 
the ordinary temperature tliat it could not bo analysed. 

LihiclhijldithioUihyJriK: iiuc Iromidc (fonmila A ) w'as distinctly 
more stable than the preceding magm-sium derivative; it was 
similarly prtq^aretl from earofully dehydratial materials. Powdered 
zinc (2 grams) and bromine (1*5 0 . 0 .) wore (‘(>mbin('d in 12U e.c. of 
dry ether. One gram «>f tliioether was add<sl t») the lilte red solu- 
tion and after thorough mixing the lupiid wa.s evaporated and the 
residual oil left in tlie {hsiecatnr, Augregate.s of small, hard, 
octahedral cry.'tals et* para ted and were washed with dry other 
( Fou n( I : Zn 1 9*1 ! 1 ; Hr - 4 5 • 92 . ( H jq B rgS^Zn requ iros Zn = 

18*82; Hr -- 4('i*0() prr ernl.). 

This co-ordination eionjuainfl softened at 123^ and melted to a 
clear liquid at 137^ it w'as decoinpostal at once by water and 
oven by warm alcohol; it dU*K)lve(l readily in ether or acetone, 
but ils solubility in ntlu r orgasue solvents was very slight. 
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Bim^lhyldithiolelhylene cafhnivm iodide (formula VI) was suffi- 
ciently stable to be prepared in aqueou s .solution . Potassium iodide 
(5*47 grams) was added to 25 c.c. of warm water eontaining 5*08 
grams of cadmium nitrate and 2*01 grams of thioethcr. The 
mixture was agitated, when a colourless, crystalline mass separated 
which, after cooling, was w^ashod successively with water and 
alcohol Tlie cadmium compound wa.s very soluble in warm alcohol 
and crystallised from this solvent in white, glistening nfeedles 
melting at 168-'1()9° and assuming a yellow tint on exposure to 
air and light {Found ; Cd 22*70, 2:M2; I -= 52*20; S =: 13*04. 
C^HjcIoSgCd re(iuirc.s Cd-- 22-95; 1 = 52*00; 8 = 13*11 per 

cent.). 

The compound was readily soluble in methyl alcohol, but only 
slightly soluble in benzene or chloroform. The pure dry substance 
had a decided odour of the tliioether, which was much more notice- 
able than in the ca.se of the following mercury compounds. The 
corresponding tliioether derivatives of cadmium chloride and 
bromide could not be prepared in aqueous solutions. 

J)imeihyltkioJe(hi(le}ie Mercurous Nitrale (Formula VIII). — An 
immediate precipitation of inelallic iiurcury occuned on treating 
a saturated aqueous solution of mercurous nitrate with a few 
drops of the organic disulpliide. Ibirther depo.sition of metal 
ensued on wanning, but on cooling the filtered solution, which 
at this stage possessed a peculiar sweet odour, a hard, white, 
crystalline deposit began gradually to .sej)arate. These crystals 
consisted of very small, nacreous prisms matted together in wart- 
like incrustations. After its separation, tlic mercurous compound 
was not washed with w'ater since tliis treatment caused tlie separ- 
ation of mercury [Found: Hg = C2-47 ; (by reduction to 
XHg)- 19*11. CVIm'^;.(-W 3 )Jig. requires Kg = 02*00; XO, = 
19*16 per cent.]. 

This mercurous additive cfjinpound, which was only sparingly 
soluble in organic .solvents, melied and decomposed violently at 
156*51 

Dimeth yhlifh ioleih rhr )fierc uric ciil on d c, 

' (TlySdbll^-S'CTl^.HgCl,,. 

produced quantitatively on adding the calculated amount of thio- 
ether to a W'arm concentrated solution of mercuric chloride, separ- 
tded in hard, colourless, prismatic crystals melting at 100^ with 
decomposition (Found ; Flti - 50-S8 : FI - 17*91 ; S = 10* 15. 

requiavs Hg - 50-89; Cl = IS-U); 8 = 15*92 per 

cent.). 

The corapouitd was sparingly soluble ill cold wat<T, dissohed 
more readily on warming, but wi^h dissociation; it was slightly 
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soluble in benzene, acetone, or chloroform, and more soluble jj 
alcohol. 

DirndhyUlthioUiliylene mercuric bromide ^ 

‘ CH3-S-C2H4-S’CH3,HgBr2, 

prepared by mixing warm solutions of potassium bromide and th( 
preceding mercuric chloride compound (I gram in <70 c.c.), gepar 
ated from the filtered solution in colourless, acicular crystals; ii 
was sparingly soluble iii hot water or alcoliol, but less dissociatec 
than the pi*eceding compound in th(‘se solvents; it melted at 11, y 
{Found ; Hg = 41-51 ; Br ~ 33-08. C^HjoBrgSgHg requires Hg ^ 
41-49; Br = 33-16 per cent.). 

DimcthyldiOiiolethylenc mercuric iodide, CHg'S'CoH^^S’CHj.Hgl, 
obtained by a similar double decomposition from potassium iodidi 
and the dithiol mercuric chloride compound, was sparingly solubk 
in hot w'ater, but unlike the preceding mercury compounds it dis. 
solved without dissociation. From M'arm alcohol, it separated in 
snow-white, matted needles, becoming yellow at 126—127® and 
melting at 134° ^vith decomposition (Found : Hg ^ 34*32 ; I 
44-32. CiHjoTjSoHg requires Hg := 34-71 ; I ~ 44-04 per cent.). 

Dimrthjldiihi oldhjlene Stayi u icMoridc, CHg'S'CgH^^S'CH^^SnCl^. 

On adding stannic chloride to excess of the tliioethor, the two 
liquids combined so vigorously that cooling was necessary. The 
product, a white, powdery mass, was freed from the organic sulphide 
by washing with cold chloroform ; it dissolved in alcohol and 
separated therefrom, on evaporating, in a crystalline form. It 
melted at 200° with decomposition (Found: Sn = 31-05; Cl = 

36- 88; S~ 16-71. requires Sn=t 31*08; €1 == 

37- 08; S = 16-67 per cent.). 

This .stannichloride, which was comparatively stable in the 
atmasphere, was readily deconqK^sed by water; it dissolved in the 
ordinary organic media, but was cry.stalU.sed only with difficulty 
owing to its extreme solubility. 

Dimdkyldithiolfihyh’hc Stan n ibromide, CHg'S'f’ Jl 4 *»S*CK 3 ,SnEr 4 . 

Powdered tin wa.s healed under rellux with a 12 |>er cent, solution 
of bromine in carbon tetrachloride until the colour of the bromine 
had disappeared, when to tlu’ filtered solution was added slowiy 
the calculated quantity r)f the thioether, dis.solvcd in carbon tetra- 
chloride. A ye llowislo white, crystalline j)recipitate separated 
which was very slightly soluble in chloroform, benzene, or carbon 
disulphide. On heating, it assumed a bright yellow colour and 
then melted with dt^oompositiou at 199° to a brown liquid. This 
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product dissolved readily in alcohol, acetone, or ethyl acetate but 
was not reprecipitated from these solutms by chloroform or carbon 

iBr.SoSn 


tetrachloridjB (Found : Sn == 21-09 ; Br 56-80. C H 




requires Sn = 21-20; Br = 57-07 per cent.). 

Water decompo.sed this bromide slowly in the cold, more rapidly 
on warming. * > y 


Dmetliyldithiolelhylene Stami -iodide (Formula X) 

Recrystallised stannic iodide, prepared by dissolving granulated 
tin in a warm benzene solution of iodine, was treated in this solvent 
mth excess of the thioethcr, when a browm compound separated 
which was very soluble in organic media. At 93^ it assumed a 
yellow colour, and melted sharply at 100^ (Found : Sn = 17-33 

17-05; 1 = 73-09. C4HJgS2Sn2 requires Sn = 17-30; 1 = 73.84 

per cent.). 


Trisdimethyldiihiol ethylene Dibmmitholri-iodide (Formula XI). 

On adding the thioether to a solution of bismuth oxjmitrate in 
dilute hydrochloric acid, no precipitate occurred although the 
solution assumed a transient yellow tint, but the introduction of 
potassium iodide solution caused tlie deposition of a bright scarlet, 
crystalline substance which, when collected and dried as rapidly 
as possible, melted at 85 — S7'’ (Found : Bi = 26-93, 27-05- I = 
49-15. CjgHajjIgSgBia requires Bi 26-95 ; I = 49-36 per cent.). 

This characteristic red co-ordination compound of bismuth was 
very sensitive to light or moist air, although dried specimens, 
when kept in sealed tubes in tlie dark, retained the red colour 
for a considerable time. Digestion with cold organic solvents 
led to the removal of two-thirds of the thioether with the formation 
of a black substance, dimethyldUhiolethylene lismidh iodide (formula 
XII) (Found : Bi - 32-56. CH3-S'02H,-S-CH3,2BiT3 requires Bi 
32-25 per cent.). 

Di methyl di thi oleJhylen e Palladous Chloride 
(Formula XIl and XIII). 

On agitating potassium palladochloride (2-9 grams) in 60 c.c. 
of water with 1-20 grams of the dithiol, a yellow precipitate ap- 
peared and the mixture was warmed to complete the reaction. 
The yellclw product settled out completely (yield 96 per cent.), 
leaving a yellow, supersaturated li(pad. The compound crystallised 
from hot water in short, lustrous yellow' needles melting and de- 
composing at 234-^235® (Found : Pd = 35-70, 35-56; Cl = 23-90. 
requires Pd .= 35-Si>; Cl = 23-70 per cent.). • 
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The compound was appreciably soluble in hot alcohol, but reduc- 
tion occurred and palladium separated; a slight decomposition 
occurred in aqueous solutions. 

When added to a warm aqueous solution of dimethyldithiol. 
ethylene 'pcdladous chloride ^ silver nitrate produced an immediate 
precipitate of silver chloride, and the filtrate on concentration at 
the ordinary temperature yielded an extremely soluble, yellow 
crystalline di thiol palladous nitrate, melting at 162® to a red 
bquid. Moist silver oxide became coated \vith silver chloride 
and the filtrate was distinctly alkaline, containing probably a 
complex soluble hydroxide. Aqueous ammonia decomposed the 
co-ordinated palladous chloride, setting free the dithiol and form- 
ing dichlorodiamminopalladium, (NH3)2PdCl2, crystallising in yellow 
needles. Warm dry pyridine also decomposed the palladous 
chloride compound, liberating the dithiol. On cooling the solution 
a colourless substance separated having appn^ximately the com- 
position {C5H5N)gPdCl2; this product lost pyridine w'hen exposed 
in a vacuum desiccator over sulphuric acid and ultimately loft a 
residue of dichlorodipjTidinopalladium [Found ; Pd — 31 -/.p 
(C5H^N)2PdCl2 requires Pd = 31*78 per cent.]. 

Dimethyldifhioletkylene jxiUadous bromide^ 
CH3*S-aH,-S*CH3,P(lBr2, 

obtained on adding aqueous potassium bromide (1 mol.) to a hot 
aqueou.s solution of the preceding compound, separated a.s an 
orange-yellow precipitate consisting of .small needles; it melted 
and decomposed at 219 — 229® (Found : Pd = 27*21; 8 ^ 16-1, j; 
Br - 40-92. C^H joBr282Pd requires Pd - 27*42 ; 8 =:= 16-45; Br J 
41*18 per cent.). 

This paiiadium bromide additive compound wa.s boluhle 
than the chloride in organic solvents. 

Dimethylditkiolethylfne iodide, Cil3*S*r2^fr^’^*Bo.P(if2, 

separated as a dark red, crystalline precipitate on mixing niolf'- 
cular proportions of potas.siinn iodide and the foregoing ehl<!ride 
in aqueou.s solution (Found : Pd -■ 22 01 ; I 51*41. l 
require.s Pd -- 21-99; I -- 51-61 percent.). 

The pallad<nis iodide, which consisted of small, aeicular crystals 
slightly soluble in boiling water or alcohol, incited with df com- 
position at 204®; redindion to metallic palladium occurred in tlie 
latter solvent. 

Action of (.\trbon l)isnlphide on Thalloun 

Kurowski oLkserved that earlxm di.Hiilphide, added to an alcehelic 
or benzene srdution of thallous acctylaoetonc, prodneed an erango 
yellow, flocculent precipitate iooO, 43, 1079). The follo’^viiig 
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experiments showed that the reaction was not one of simple addition 
To 1 gram of thallous aoetylacctono (m. p. dissolved in 
30 c.o. of absolute alcohol, were added a few c.c, of redistilled 
carbon disulphide, when the liquid slowly became turbid Ld 
deposited the orange precipitate. After a few hours when no 
farther precipitation was noticeable, the amount of insoluble 
compound was only 0-4 gram and the filtrate .still gave the read i, me 
of thaUium aeetylacetone. The reaction wa.s not brought to 
completion even on adding a large exce.ss of carbon disulnhidc 
The product was amorphous and insoluble in the ordinary organic 
media. When digested with hot aqueous alkalis, the compound 
yielded a small amount of thallous sulphide. On heating, it blacfened 
at 115“ and evolved pungent vapours with no trace of c-rbon 
(Usulphide. Analyses of various preparations made in alcohol or 
benzene gave T1 = G9-I0, 68-89, 68-80; S 12-30, 11-99 12-10 
per cent. These data indicated that approximately half the 
aeetylacetone had been replaced by carbon disulphide as in 
TljCtflCO'CHglojCS^, but it wa.s inipo.s.-iblc to arrive at a rational 
formula. 


Thallous benzoyiacctone and carbon disulphide reacted similarly 
giving an orange, amorphous product, the aiialyses of Avhich sug- 

gasted a similar empirical formula, ,€82 but the 

substance was quite as ill-defined as that froni'tliallous acetvl- 
acetone (Found ; T1 -= 62-99, 03-18; 8 11-04, H OT per cent.") 

Thallous aeetylacetone rlecomiio.-od hy a-thionaphthol, 
ginng the yellow thallous salt of the latter ivagcnt and free acetvl- 
acetone. Dilute alcoholic solutions contai?]ing thiophen and 
thallous aeetylacetone in molecular proportions gave a yellow 
product similar to Kurowski's comjKuind \vith carbon disulphide, 
but on allowing tliese n-ag(‘nts to interact iji concentrated solution 
a small amount of thallous Miljfhidc was prccijiitated, indicating 
a decomposition of thiophen, 

l\ith concentrated alcoholic solutions of thiophen and thallous 
hydroxide, black thal!(')i]s snlrihidc was rap'idiv precipitated and 
the filtrate after expo.surc to the air yielded a small proportion of 
white thallous succinate, tljcsf' rosiiMs suggesting the following 

reactions : 


ch:ch 

ch:ch 


>8 -f 2T1()11 
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CH.T’H'OII 

aiX'H-Oli 


CH.-CffO 


-f i\ -f 2Tll)H 


CH.AVJi 

rHyfUTl 


ill wliieh the thionated cy<‘lic 


system is completely hroken down. 
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The authors desire to express their thanks to tlie Advisor^ 
Council of the Department of Scientific and Industrial Researei 
for grants which have helped to defray the expenses of (hj, 
investigation. 

Chemical Department, 

University op Birmingham, 

Edgbaston, [Bccch'td, Novemhn 1022,] 


WAR MEMORIAL. 


Unveiling of the War Memorial to Lt.*Col. E. F. Harrison, C.M.G, 
and other Fellows of the Chemical Society on Thursday, Novcmfioi 
I6th, 1922, at 3 p.m., Sir James Walker, D.Sc., F.R.S., President 
in the Chair. 

Sir James Walker : “ We are met to witness the reception in 
tnist by the Chemical Society of the Harrison Memorial and tn 
take part in a simple ceremony — the dedication of a tablet in 
memory of Lt.-CoL Harrison and of those other Fellows of the 
Society who died in the service of their country during the Gre.it 
War. 

Sir George Beilby, Chairman of the Harrison Memorial Com- 
mittee, will make a statement of the origin and destination of the 
Memorial Funds, and I now call upon him to do so." 

Sm George Beilbv : " Mr. President, My Lord, I>adies and Gentle- 
men,— We are gathered here to-day to take part in the unveilin^j of 
the memorial to tho,sc Fellows of the Chemical Society who made 
the supreme sacrifice during the Great War. It is my duty to relate 
to 5 *ou how the memorial came to he erected, and to ask you to 
accept, on In^half of the Chtunical Society, cu-st(xly of this, and 
of an additional memorial, the nature of which 1 will describe. 
Among ad those who knew the late Colonel Harrison, few better 
realised his intense, self-vSacriticing energy, and his Rondetful 
success in cq nipping our Troops with protection against poison 
gas than wc, his colleagues upon the Chemical Warfare Committee. 
None can realise belter than we that he gave his life in the 
service of the Country as truly and a« willingly as those, who died 
on the field of battle. Shortly after liis death we decided to 
endeavour to create some fitting memorial of his life find Mork, 
To this end we formed a Committee to invite sulweriptions from 
those who had known and worked with him, and tfie sura collccte 
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has amounted, with acorned interest, to some £1,640 It was 
decided to use a portion of this money in the erection of a per 
„anent memorial for which we felt no more appropriate home 
could be found than this building winch houses the senior Society 
of the science which Harrison pursued. In agreeing to accept the 
custody of the memorial, your Society expressed a desire to combine 
vrith it a Roll of Honour of the remaining Fellows who lost their 
lives in the War. To this we willingly consented, and it has been 
possible to prepare a joint memorial harmonious in conception 
and in detail. 


"With the balance of the sura collected, it was decided to create 
a fund to provide, every three years, a prize of approximately £150 
to be awarded to the chemist, man or woman, not over thirty 
years of age, who shall have made the most meritorious original 
contributions to chemical science during the previous five years 
The prize is to be awarded upon the recommendation of a Com- 
mittee composed of the Presidents for the time being of the 
Chemical Society, the Society of Chemical Industry, the Pharma- 
ceutical Society, and the Institute of Chemistry. It is to be given 
for distinguished research in any branch of chemistry, pure or 
applied, and no restriction is to be placed upon the manner in 
which the prize is to be utilised by the recipient. The Fund, the 
interest on which will provide the prize, will be held in trust,' and 
administered by the Chemical Society. The subscribers to the 
Harrison Memorial Fund hope that this prize will do something 
to stimulate and encourage the younger chemical investigators, and 
we know that a purpose such as this is one that Colonel Harrison 
had ever foremost in his thoughts. The Prize and Memorial will 
be, we trust, appropriate tributes to his memory, recalling to the 
chemists of the future how gloriously he used their science in the 
cause of right and humanity. 

" I ask you, Mr. President, to accept, on behalf of the Chemical 
Society, the custody of the Memorial affixed to the wall behind us, 
and of the Trust, the deeds and funds of which I now place in 
j’our hands.” 


SiE James Walker : “ Sir George Beilby, on behalf of the 
Chemical Society, I gratefully accept the Trust which has been 
so generously offered to us by the Harrison I'lleraorial Committee, 
It is a great satisfaction to the members of the Society to know 
that they have been entrusted with the care of the Memorial ai^ 
with the administration of the Harrison Prize Fund. That part 
of the funds should be devoted to the institution of a prize for 
s-ward to young chemists who have done meritorious research 
commends itself to us all as a most wise allocation. The capable 
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\at the outset of his career is sufficiently provided for 
and grants, and late in life he generally has received 
lor the most part) some reward for his work. But there 
^ period in which the substantial encouragement of such a prize 
may well prove a determining factor in his development, Xhe 
regulations for the award seem to have been framed with the 
utmost care and forethought. The Society considers it a hiffh 
honour to have charge of the Memorial and to assist in the ad- 
judication of the Prize, I thank you and your Committee in the 
name of the Chemical Society.” 

The President then called upon The Right Honour.ible Tjie 
Eabl of CB.\WFOBr) AND Balcarbes, K/T., P.C., who said : 

‘'We are here to commemorate a small group of men connected 
>nth the branch of science specially represented by this learned 
Society — and in particular the service and sacrifice of Kdward 
Harrison . These are occasions of melancholy retrospect, when we re- 
open the closed book ; but none the less the record of public service 
the acknowledgment of heroism, the recognition of exceptional 
skill and distinction do carry some small compensation, and let 
us hope cast a ray of comfort into the house of mourning. 

“ The Memorial presently to be unveiled is a tribute to 30 Pellovs 
of the Chemical Society who lost their lives. Each name is there 
engraved, taking its apposite place in the Roll of Honour, and 
forming part of a striking work of art. May I say how much I 
rejoice that the Memorial itself should be a beautiful thing. How 
wise you men of science ha^'e been in choosing a sculptor of note, 
placing at his disposal an admirable and we 11 -lighted site, giving 
him full frecdum to develop his idea, and thu,s to conceive a monn- 
ment which is a distinction to him, a credit to yourselves, and a 
worthy record of your deceased colleagues for all time. 

“ We do well to eiuplmsise and perpetuate their memory, We 
do not oiirsclve.s forget their .services, and we desire that posterity 
shall appreciate our veneration, We shall not act like tho^e who 
disregarded the men of sei(uiee in Keelesiastes, the poor wise man 
who by bis wisdom ^j,vrd tli- city, and then was forgotten hy 
those for whom he had done so much. 

” The name of Mrlward Han'ison stands out prominently amongst 
those of a gallant band called upon to protect, indeed to save our 
forces from the most terrible a&saults ever directed by science 
against an army in the field, 

^During the spring of 1015 our troops found themselves faced 
by the horrors of an unknown and inconceivable style of warfare. 
Science terrifies, but science also protects. There was a moment 
of incoherence, though let me say never a pcrio(f of panic, when 
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mysterious agencies cast their death-warrant over our bewildered 
soldiers— a form of unseen aggression against which no remedy was 
Jmown, and threatening the life of our armies, and with it the 
existence of our nation, with an unspeakable cataclysm. 

A few months later our science asserted its mastery. British 
science kept pace with German aggression, and I believe out- 
stripped it. Somebody, I know not who, detected the genius of 
Harrison, rescued him from military duties where his special powers 
were being wasted, and by the autumn of 1915 he was laying the 
foundation of a huge organisation ultimately destined to become 
one of the central factors of victory. 

“ Though I never had the honour of meeting Colonel Harrison, 
I well recall a curious tumbledown little group of huts where 
experiments were conducted. It was difficult to penetrate into 
that out-of-the-world enclave, but I had occasion from time to 
time to see what was going on, and to share the obscure enthusiasm 
which prev^ailcd among threatened men that something concrete 
was being done to stave off the impending danger. Poison gas 
was indeed our most implacable foe, and its intangible horrors the 
most subtle as well as the most lethal of all engines of war. 

Prom what I can learn kdw’ard Harrison possc-ssed the pow'er 
of concentrating the accidents of knowledge and intelligence, 
directhig them into a consistent and specific cliannel. He had the 
power of interrogation, combined with premonitions, intuitions, 
which enabled liim to anticipate developments, and thus to meet 
in good time, sometimes in advance, the progrc.ss of ememv attacks. 

He takes his place among tliose illustrious men, from Jenner 
(low'n to Lister, whose achievements in the noble efforts of pro- 
phylaxis confer incalculable fame upon British science. 

But it is not only Har^i^^on to whose achievement wc do honour 
to-day. Here I have a list of young Fellows of the Society, men 
of conspicuous ability in tiicir own departments of research, men 
0i character and promise, wliosc prcciou.s iivc's were prematurelj" 
ended. These, too, jjcrformed tiicir part, each and all animated 
by the same motives of duty and patriotism — devoting tliemselves 
and ultimately sacrificing tlii'ir lives in defence of all that w’e hold 
most sacred and most dear." 


The Earl of Crawforj) am> Balcarres then unveiled the 
Memorial, and after the Last Post had been sounded, follow’ed by 
one minutx" s silence and the Reveille, the President said : 

The sound of the bugle lias announced the completion of 
to-day s ceremony and lias recalled us from sorrowful reflection on 
f e days of the Great War to tlie ordinary business of life, 
lease God, neither wc nor our dvldrcn shall again see a time in 
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which our patriotic duty and our common humanity shall be sq 
at variance. 

“ It only 1 ‘emains for me to thank tJie Earl of Crajrford for per- 
forming tlie unveiling of tho Memorial and for the eloquent and 
touching W'ords of his address. That Lord Crawford was 
Commissioner of Works, and thus responsible for th6 fabric in whiejj 
the Memorial stands, is the least of liis qualiiications for the task 
As an artist and a wTiter on sculpture, he is peculiarly fitted to 
judge of the artistic merit of the Memorial, but what must appeal 
to us most is that he enlisted as a private in the R.A.M.C. and saw 
with his own eyes the ravages of poison ga.s and the success of the 
protective measures employed against it. 

‘‘ Lord Cra\\iord, on behalf of the CJicniical Society and of the 
contributors to the Harrison Memorial Fund, I convey to you our 
most gratefid thanks for your kindness in performing to-day's 
ceremony/* 


OBITUARY NOTICES. 

JAMES KOBERT APPLEVAHO. 

Born 1870; Died October 1921. 

James Robert AvrLEVAiu) w’as boni in Bradford in 1870 and was 
the only surviving son of Mr. Rufus Bentley Aj)pleyard, a schooi- 
master of that town. He w’as educated at his fathers school and 
subsequently took tho regular course in chemistry and dyeing at 
the Bradford Technical College, fn ISOfl lie was appointed assistant 
to Professor Percy F. Frankland at Dundee, where he subsequently 
also gave the lectures on dyiing and allied subjects. Ton years 
later he was appointed Lecturer oil Dyeing at the Salford Royal 
Technical Institute, becoming later the Head of the A])plied Chemistry 
Department, which po.sitiori he occupied up to the time of his death. 

While still at Bradbird, Mr. Ajqileyard carried out work in 
collaboration with others on the <|uantitative estimation of picric 
acid, on the composition and [>roperties of Tus.sah silk, and on tlic 
absorjition of acid.s and liases by certain textile fibres, the resuils 
of which were publisher! in the Journal of the Sockhj of Dym 
Colourists, Subsc({tient work on which Jic was engaged was of a 
niofo strictly scientific character anrl included a paper On ' halt'' 
of (dyceric Acid; Intlur rirr* of Metals on the S[X'cific Rotation of 
Active Acids’* in coKahoralion with Professor Percy Franklaiid 
(T., 1895, 67, 29fi), and in collaboration with Professor James 
Walker, papers on " Ethereal Salts of Ethanctctracarboxylic Acid 
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(T., 189j, 67, 798), ‘‘Transformation of the Aikylammonium 
Cyanates into the Corresponding Ureas ” {T., 1896, 69, 193) and 
‘^Absorption of Dilute Acids by Silk ” (T,, 1896, 69, 1334), In 
collaboration with Mr. J. B. Deakin he contributed a paper ou 
■*Xho Action -of certain Inorganic Sulphur Compounds on Cotton 
(./, Soc. Dyers and Col, 1902, 128), whilst his last contribution (with 
Mr. R. C. Jefferson), which w'as also technological in character, 
;vas on tJie “ Kate of De-sizing of Cotton Cloth [ibifl, 1015, 153). 
During the past fifteen years most of Mr. Applcyard\s spare time 
^vas taken up with industrial investigations and consulting work. 

An excellent teacher and of a genial disposition, Mr. Appleyard 
was beloved by his students and all who knew him, Although 
Ke had been in failing health for some years prior to his death and 
had latterly not been able to carry out his full duties, his interest 
in the subject was maintained to the end. HLs loss will be felt not 
only by his numerous friends and past students, but also by the 
industry which he represented, for which he had given of his best. 
He leaves a widow and an only son. 

E. Knecht. 


ADKIAX BROWX.-^ 

Born April 27tj[, 1852; Died July 2nd, 1919. 

Aurlvn Brown was the junior member of tlie very remarkable 
amateur scientific quartette, Peter Cricss, Conielius O'Sullivan 
and the brothers Brown- -Horace and Adrian, once active in the 
scientific service of brewing at Burton -on -Trent. 

The amateur scientific worker is a peculiarly British product ; 
he hates drill and grows through force of example, not of precept ; 
he has not matured in countries where drill has been in the ascendant. 
Griess was an outstanding example. He spent six or seven years 
at the University — doing nothing as a formal student ; the saying 
goes, that he wasted his time. Far from tills— wliilst lie took his 
fill of student life, what to-day would be called his subconscious 
mind was dearly at work and he suddenly displayed extraordinary 
activity in the laboratory. His great ability was appreciated 
hy Kolbe, his teacher, luraself a man of tlic highest intelligence, 
to some extent trained here, under the late Lord Piaydair, as fellow 
Worker with the late Sir Edward Frankland, the ablest chemis’t 
of his time in the laboratory and the author of the theory of valency 
'ipoii which our entire system of structural formulae is based. 
Kollie recommended Gnesa to Hofmann, then Professor at the 
* Bopriuted by peroaisAion from the proceedings of the Royal Society.. 
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Royal College of Chemistry, in Oxford Street, ^Undon— whence 
arose the dyestuff industry, as the outward and visible sign of the 
ffreat leader's activity and example as an original worker. Griess 
brought with him from Germany his discovery of the diazo- 
compounds one of the most remarkahle in the history -of chemistry, 
as it involved recognition of the fact, that nitrogen, pp to that 
time regarded as an inert element, could form compounds of 
unusual chemical activity and extreme iiistabiUty. He developed 
his discovery in f^ndoa, until in 1882 he become assistant in 
Allsopp's Brewery in l!urton-on-Tront. Here, until his death 
in 1888 , he occupied an anomalous position, living a life all but 
apart from the brewery, an indefatigable worker, high up in an 
empyrean of constructive organic chemistry. Apparently, Gricss 
did nothing in particular for brewing, beyond assaying its 
products ; but he laid tlie foundation of a branch of the dyestuff 
industry 'wiiich has since been the most remunerative of its many 
activities His services were once sought by an English dyestuff 
firm hut the beggarly terms offered him were naturally declined 
and wc lost an irrccoicrablc opportunity. 

In the iiast, .scientiiic workers had their individual patrons ivbo 
supported their iiKpiiries; Init the All.sopp lirm behaved to their 
chemist ill a wav which is without liarallel in the history of industrial 
enterprise; tluy sc.in to liave gloried in liaving .so distinginshcd 
■I man on their stall, without considering tlic direct value of bis 
services His presence was tistiuioiiy to their breadth of vieiv, 
as wcU as to tluir liberality; they undoubtedly gained in repute 
from their action. 

Horace Brown enten d on his teelmical career, in 1880 at the 
time when Griess took up tlm i.osiiion of chief chemist, at AlhopP*. 
vacated hv Dr. B itting r, father of the Dr, H. von Byttingir, 
recently dceei.sed, who is noted for the part he 
development of the (I, rmau Dye.stuff Indu.stry. He had been 
iutluenceil, as a lad, both by Bottinger and by 
didactic training in chemistry was a year ^ 

CoUege of c:he.ui,-try. partly under Hofmann ami partly inid t 

HofinanrixS jiU< cc-'itr, i-raftklnnci. 

0 ft, IS'., « .vO I" "”1™ “ one »• '•» »•! “ 

. .anil «I *1 lift IO."‘l * „ 

,to ft I ; 
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investigating the action of the enzymcR of malt (diastase) on starch ; 
]ie may he said to have rediscovered maltose in the course of this 
^vork and to have established its significance as a fundamental 
unit in the ‘Complex starch molecule. Although others have 
followed in his footsteps, to the present day wc remain ignorant 
as to the preciso nature of the successive changes which the starcli 
molecule undergoes on hydroly.sis and of the number of enzymes 
concerned in the process. O'Sullivan was also the first to study, 
in detail, the rate at which cane-sugar ^v'as liydrolysod by yeast 
invertase. Pinally, he undertook an inquiry into the products 
of the hydrolysis of gum-arabic and laid solid foundations which 
no one yet has built upon. 

Adrian Brown did not enter the scientific service at Burton 
until 1873, when its foundations liad been deeply laid : he then 
spent several years studying for the di.stinguishcd part he was to 
take in the quartette. 

He was bom at Burton on April 27, l<'^u2. Ke came of a practical 
and nature-loving stock. His father, Edwin Bro^vn, the son of a 
small builder, left school at an early age, to become clerk at a 
private bank in Burton, ultimately the Burton, Uttoxetcr and 
Ashbourne Union Bank, of which he was manager during the last 
twenty- five yeare of his life. He died suddenly, in 1876, at the 
age of fifty-seven. He was an ardent naturalist, six^ciaUy known 
as a coleopterist, with a strong scientific bent and leanings to all 
the sciences, particularly geology. 

He is referred to in tlie “Life and Ldters of Charles Darwin'’ 
in a letter from Henry Waller Bales, tlic celebrated Amazonian 
traveller, to Dannn, dated October 17, 1862 : - 

“ Mr. Edwin Brown is jiuinagcr in a large Bank at Burton. 
I have know’ll Inm Iwcnty-fuu' years; he was my earliest 
naturalist friend. 1 liave alvays looked on him as a man of 
extraordinary intcHocfnal ability . I have given him my 
notices on Carabi, He is arnas^iiig material (specimens) 
at very great exjxnse. He has newT travolh.'d; this is a 
great deficiency, for the relation cd species to clo.seIy allied 
species and varieties cannot, 1 think. l)e flu-rougidy understood 
without personal observation in difUTcnt countries." 

In the ‘memoir, by Hr. ICdward Clodtl, prefixed to the reprint 
of the unabridged edition of “ The Xaturalist on the Biver Amazon, 
published by Mr. Murray, in 1802, it is stated that :~ 

“Bates w'a.s born at Ijetecs^er in 1825 and spent his youth 
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in the district. Apprenticed to a hoisery business, he left it 
soon after his master died and eventually entered Allsopp’j^ 
Brewery as a clerk. " 

Mr. Clodd adds 

“ As often as he could he escaped from the desk to tlie 
open air, and some results of his entomologising are 
in a paper on ‘ Coleoptera in the neighbourhood of Burton 
on-Ti'ent,’ publi.shed in the Zoologist {VI, 1848, 1997 ^ 
Mr. Kdwifi Brown, wlio obtained him the situation at Allsopps' 
is referred to as the captor of several species schednlerl iri 
the paper. 

Edwin Brown appears to have exorcised considerable influenoo 
upon the fortunes of both Bates and A. B . Wallace. Bates became 
acquainted with Wallace at Leicester, wiiere the latter was English 
ma.ster in the Collegiate School. Mr, (iodd tells us that:— - 

" The two friends often discussed schemes for going abroad 
to explore some unharvested region and at last these took 
definite shajie, mainly through the interest excited by a little 
hook, published hy John Murray in 1847, entitled ‘A Voyage 
up the River Amazon, including a Residence at Para/ by Mr. 
W. If. Edwards, an .American tourist.’’ 

The WTit(T learns from Dr. Horace Browm that this book had 
greatly’ interested his stepfather, Edwin Browm, w’ho lent it to 
Bates to road. The recovery of such a fragment of history will 
not bo without interest, as giving a clue to the mental process 
whereby the two travellers were eventually led to the .'^tiidy of 
problems of world- wide significance. 

.Adrian Brown was therefore niirtimHl in a scion title atmo-spherr. 
Hn attended the local grammar school, hut his efTeetivo tramiii^^ 
w'a.s at the hands rj his father and, in chemistry jjarticularly, of 
his elder hrotlur, lltiraeo. He received his special ttvhuical 
training mainly at the Royal College of Science, tlie combination 
of the Royal (’otb ge of C'hcml.-'try, Oxford Street, with the Royal 
School of Alines, -lermvn Street, tfien just effected at Soiitli 
Kensington. On leaving, ho hocanie private assistant to l)r, 
Ru.s,sell, I.eefurer on ( ’limnistry' in St. Bartholomew’s Hospital 
Medical School. 

In 1873 ho cpiitled f/nulon for Burton, to act a.s chemist to 
Messrs. Salt and Co., Browers. 

In reff-rring to the Burtonian quartette, which Adrian Rrotta 
was the last to join, as amateur workers, the writer is not unniindhi 
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„f tbe fact that all were brewers’ ohemi.st3 ami therefore profe.ssionaUy 
engaged, excepting, perhaps, Griess— and it, has always been thought 
that he ha.s not had sufficient credit for the work he did in the 
brewery. Noh6 the less, the spirit in whicli they worked was that 
of the amateur of the past : they sought neither gain nor applause • 
love of their art. was their guiding light; they were led solely by 
desire to explore its fields, to grasp its value, to display its 
beauties. 

Adrian Bro^vn remained twenty-five years in the brewery, 
leaving in 1899 to take charge of the newly founded Chair of 
Brewing and Malting at the Mason College, Birmingham. When 
the University of Birmingham was established, he became Professor 
of the Biology and Chemistry of Fermentation and Director of 
of the School of Brewing. Be rlied suddenly on July 2, 1919, 
three days after his wife. 

A naturalist from liis birth ii])wards, a man of unobtru.sive 
manner but great personal cliarni, lie gained ihv esteem of all 
whom he met officially and the affection of his many friends. Xot 
only was his standard of endeavour ever the highest but all he did 
was characterised by originality, great independence of judgment 
and a consistent logic. 

He was not elected into the Society until 1911. His first work 
wus in advance of the time and did not receive the attention it 
deserved, although the subject, the action of oxidising organisms, 
was one of great interest, oxidation playing so determining a part 
in vital activity. He began by stndjdng the action of the well- 
known Bacteriu7n a^cti, used in producing vinegar from alcohol; 
then that of another organism, Barferunn xyJiiuim, which he was 
the first to isolate from ‘‘Mother of Mnogar,” 

The point brought out in tlu' earlier inquiry was tlic inability 
of B. aceti to condition the oxidaiion of methylie alcoliol, although 
it grew i?i presence of this compound : Hum. tliat it w’as able to 
determine the conversion, juit only of ethyiie alcohol but also of 
propylic, to the corresponding aciil ; yet was without action on 
isopropylio and isobutylic alcohols : still, it grew in the presence'* 
of these compounds but was Idllcd by fusel oil and auiylic alcohol. 
These remarkable differencc.s in beiiavioiir of compounds so closely 
related remain miexplained t<) tlic present day. As.suming that 
oxidation be determined l>y a catalyst, i.r,, at a solid surface, it 
is most probable that the surface is differently affected by tfie 
different alcohols : but on any Iiv])othesis the fiict tliat methylie 
and isopropylic alcohols are un attacked, whilst compounds so 
close to them in all chemical properties are oxidised, is very striking ; 
no other such raarkod instance of bacterial epicurism is known. 
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The results of his work on B. xylinum were of less direct signi 
ficance, as his attention was mainly directed to the membrane 
which this organism produces in sugar solutions ; ho thought it 
was a yariety of cellulose hut from later work.^y Emmerlinc; 
it is probable that the product is of a chitinous character. 
again, however, a field is ojjened up for further inquiiy-^if 
take place within the cell, how comes it that such a product ^ 
secreted without the organism if this be not destroyed in the 
process ? 

The activities of B. xylinum were studied, a few years later by 
the French chemist, Bertrand, who established the fact that 
an entirely remarkable discriminative power, as in compounds 
sensitive to its oxidising influence two H»C*0II groups arc present 
not only in conjunction but so placed that the two OH groups in 
these are on the same side of the plane in the formula; thus when 
the two isomerides formed by reducing sorbose are submitted to 
the action of the organism 
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sorbitol alone is oxidised and reconverted into kotosc (sorbose). 
It is in no way clear, at present, whether the selective activity 
displayed by the organi.sm be that of an enzyme or traceabifi 
merely to a ])ecuiiarity in the oxidative process. 

The root ideas iimlerlying our ])rescnt conception of (he nature 
of onzymie liy(lr*>jy.si,s are largely traeeable to Adrian Bro\ni’s 
iconoclastic work. Beginning with observations on tlic rate of 
reproduction of viast cells, he noticed that a constant amount 
of yeast b mum ted an a|»proximately v'eirjht of .sugar, 

in unit time, in of rdrijifuj cn^'c^rlmtion ; tlie graph of 

his cxperiment.> was a straight line, not a logaritlnnic curve 
indicating the change of regtilarly diminiidungamounfs in .siieccs'ivf* 
unit period; .>ueh as was held to bo expressive of the simple 
enzymic chang*' conditioned bv invcrta.se, on the bu.sis of thr 
expcTirnents by ( ‘ornelius 0 Sullivan and Tompson, publidiol 
iu Hence ho was lerl to re-examine the evidence adduced 

by these chemists, in snp}x>rt of their view, that the onzvi:m' 
change wa.s a mass-action effect, strictly comparable with the 
changes taking place in solutions of crpUillohls in other word.s, 
that enzymic change took place in solution. 
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He dealt with this subject in an exhaustive maimer. The 
cottclusion amved at was, that during the earlier period of change 
as in fermentation, the sugar is hydrolysed at a linear rate, the 
amount converted being practically independent of the concen- 
tration of the- solution, in no way proportional to it. The rate 
of hydrolysis is much reduced by the addition of invert-sugar, 
that is to say, of the products of change ; lactose, except in very 
large proportion, however, has little effect. 

These conclusions have been fully confirmed by later inquiries. 
It may now be taken as cstabUshed, that enzymic action is effected 
at solid surfaces. Complete confirmation of this explanation 
has been given by recent observations on the action of a catalyst 
such as finely-divided metallic nickel in determining the hydro- 
genation of the fatty oils. 

Much of Adrian Brown s work was in criticism of Pasteur's 
findings, especially the great hrenchman's conclusion that fermen- 
tation was life without air; he thought that he had proved the 
contrary. He studied the effect of alcohol and found that it greatly 
retarded the reproductive growth of yeast; also the effect of 
carbon dioxide but came to the conclusion that, as it had no greater 
influenejp than hydrogen and as there was a much larger increase 
in presence of air, the repression of gio^vth w-as due to exclusion 
of oxygen. He was, therefore, led to favour the conclusion that 
reproductive growth of the yca.st cell, under ordinary anaerobic 
conditions, is determined by tlie amount of oxygen at the dispo.saI 
of the organism prior to the commencement of reproduction. 

Recently, however, Slator, working in the laboratory of Messrs. 
Bass and Co., thought lie had proof that not only has carbon dioxide 
a greater influence than has been supposed on the activity of the 
yeast organism but alsc) that oxygen is not requhed for i*cproductive 
growth of the cell — thereby iijiholding both a common opinion 
of carbon dioxide and Pasteur's ^ iew as to oxygen being minccessary. 
Later observations have sliown, he admits, that he had not 
bufficiently removed the oxygen. 

It remains to consider what is undoubtedly his most remarkable 
work— that on dii'iusiun into the barley corn, notcwortliy both 
on account of the beauty and delicacy of the method he developed 
fuid the significance of the results. Having eyes to sec as well 

an inquiring mind, he was led to take special notice of the blue 
layer just below the skin in certain varieties of barley. Desirous 
'*f linding out what liappcnotl, in the malting process, when barley 
'vas steeped in water, as it is duriiig the preparation of malt, also 
what would be t^he influence of impurities in the water, he first 
studied the behaviour of dry' barl^- corns in water and then in 
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various solutions, He saw that in blue barley he had a perfect 
niecbanism for the quantitative study of difiusion phenomena,. 
The blue layer furnished the discriminating membrane ; the finely 
granular mass of starch within the com served to attract water 
into the grain. By placing a set of weighed corns' in water and 
at intervals removing them and determining the increase in weight, 
at various temperatures too, the rate at which water entered was 
easily ascertained. The variation in the rat© at which it accunm. 
lates in the grain, as the temperature is raised, M'as in agreement 
with that at which the vapour pressure of water rises when this 


is heated. 

A similar talc is told by solutions of most salts and of substances 
such as the sugar's— these all have vapour pressures lower than 
that of water and water accumulates less rapidly in barley corns 
placed in these solutions than if they were in w'ater, the rate 
depending on the concentration. 

Solutions of the ordinary strong acids and alkalis also give up 
water to dry barley corns and become concentrated but no acid 
passes aci*oss the discriminating membrane; the blue colour 
remains unchanged in all sound corns. 

But weak acids, also weak alkalis, such as ammonia, /cadiiy 
pass through; moreover, the membrane is penetrable by all 
chemically neutral substances at all soluble in water -such as 
acetic acid and its homologues, chloroform, oven hydrocarbons 
such as benzene. These all pass into the et>rn together with waUr 
and actually aceelerato the pas.sagc of water into the grain. It is 
no t question of molecular size : such molecules do not penetrate 
the membrane f>ecausc of their smaller size; on the contrary 
but^•ric aeid enters mon' ra[)idly than acetic and the alcohols of 
the ethylic serie.s pass through the mort> rapidly the greater tlicir 
molecufar weight, so long as they are reasonably soluble m 
water. 

Eventually an equilibrium is reuehed within the corn and the 
coneeutration of the solution may bocorae higher than in tk 
liquid outside; it has even l>ceii observed, in the case of plieaol 
and aniline, that the internal solution is " supersaturated;' To 
take an examph', when the corns are .saturated in a solution con- 
taining 50 i)cr cent, of acetie aeid, the .solution within contains 
go per cent, of the aeid-but this Ls the limit, no more passing m 


from stronger .solutions. , . , 

Previou.s observers on the pas.sage of such .substaiiu-o 8 
living tis.suc8 have correlated their n-lative activity an 
lethal power with the solubihty in fats and , 

existfnee of a lipoid layer at t^c tissue surface?. Adrian i> 
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obsemtiOM justify us m putting aside aU such fancy explanations 
_the correlation IS of consequence only in so far as the solubiUtv 
referred to of substenoes m oils and fats is usuaUy the converse 
of their solubibty in water. 


A fuU discussion of the work Adrian Brown accomplished and 
its bearing on contemporary inquiries, by the witer, is pubUshed 
in the Jourm of iht IvshMe of Brewing 1921 vol 27 
197-260. From the point of view advocated in the present nkfce 
his exemplary career and achievements merit most careful attention! 
His genius lay not on the surface but was manifest in a continuity 
of effort which, in sum, was remarkably effective His work 
was an expression of himself; it came from within- but that 
he was induced, if not forced, to display his genius owing to the 
influence of the conducive environment in which he was placed 
is probably a not unwarrantable conclusion. Chamber music 
such as the Burtouians have discoursed so successfully might 
well and should be more cultivated, not only in industry but in 
the new Univertiitic^, c\cn at Oxford. H F \ 


WILLIAM CiOWLAM). 

Bok.n Oeck.mber 1(3th, 1842; Died Jlnk 19th, 1922. 

Professor Willum Gowi^vm), Emeritus Professor of 

Metallurgy at the Koyal School of Mines, died on June 10, in his 
eightieth year. By his death Metallurgy has lost one of its most 
learned and authoritative exponents, and a man of singular personal 
charm and distinction. It is interesting to notice that, like his 
predecessor at the Royal School of Mines, lie liad intended to enter 
the medical profession. Wlioreas Percy, however, completed his 
course of instruction and practised professionally for some years, 
Gowland, after w'orking with a medical man in Sheffield for three 
years, abandoned this work and became a student at the Royal 
( ollegc of Chemistry. From there he passed, in 1868, to the Royal 
School of Milieu, and two years later obtained the Associateship 
both in mining and metallurgy. He was awarded the Murchison 
medal in geology and the De la Bochc medal in mining. 

Gowland's first post was that of chemist and metallurgist to the 
Broughton Copper Company, Manchester. 'J Lhvo years later, he 
accepted an invitation to the Imjx'rial Mint at Osaka, Japan, 
where he held the post of chemist and metallurgist for six years. 
Puring the next eleven years ho ^cted as assayer, mctallucgist, 
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a.id chief of the Foreign Stafi at Osaka, and waa for aomo time 
adviser to the Imperial Arsenal. Hts decidedly 

varied nature, and he did much to introduce Western, metallurgical 
and chemical methods into the departments with which he was 
associated. Indeed, during this period, work of ^hemical nature 
nredominated. It was at this time that he acqui^ the.knowledge 
of Japanese methods of extracting, refining, and working metah, 
for which he subsequently became so famous Jn addition, ho 
carried out exploration work m Korea on behalf of the Japanese 
Government, which was by no means free from danger to himsell 
and his party. As a young man. Professor Gowland was a keen 
oarsman! and was the first to introduce rownng into Japan. Tho 
u^of the wheel.barrow was unknown m the country. He provideil 
with wheel.barrows the labourers who were engaged on some 
excavation work in the Copper Mint. The Japanese, however, 
did not appreciate this form of mechanical transport, and very 
Quickly removed the wheels, preferring to carry the barrows, 
Lded! on their backs. During his residence, he burl up a very 
fine coUection of Japanese art. which included some valuab e hh. 
,nonas. On leaving the country in 1889 the order of Cheva lie, 
. 11,0 Imnerial Order of the Rising Sun was conferred on him ly 
him the Emperor of Japan, personally. Until the time of his 
Lth he maintained his connexion with Japan, where he was hod 
n verv hieh e.steem, and his London house l.ccame the Meoea ol 
T„ .ne-c metallurgical stiuh iit.s who visited this country. 

vkr his return to Englan.l, Professor Gowland acted as chid 
m;ta h rgi,t to the Rroiigiiton Copix-r Company for some yea., 
T ' howeier he entered the academic side of metallurgy. 

1 « aunointed Professor at the Royal School of Mines, ir. 

" ■ !o tlie late Sir William Roberts-Austeii. This post he 
tTlTTeven veam and retired in 1999. althougl. he again tilled 

• at the Sehool during an i inergency in the Session from IHR 

his fiost at the . 

“‘h , 'iZ J li.* i" 

after all ‘ ‘ ,,,,, ..xuvmely thorougli in everything 

madesucli -su ^ ,,,4 

that jj j I ^i(t ,J clear aiiJ trciichaiit wpoa- 

time ungrudgingly m i.an by uitbe 
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and West. In 1914 he published a text-book nn x „ 
of non-ferrous metals, which quickly becamp rp ^ 

He also contributed various pajjers to the Institution oVS ' 
ind Metallurgy, the Chemical Society, and the Society of 
Industry.. In .1907 ho was elected President cTtlfe lnsS- 
„f ffiningand MetaUurgy, and in 1909 was awarded the Institution " 
pld medal. He was an ong.nal member of the Institute of Metak 
founded in 1908, and became its third President and its firt 
May Lecturer. “ 

There was however, another side to Gowland’.s intellectual 
Bterests, as shown by his membership of the Society of Antiquaries 
the Royal Anthropological Institute, and the Numismatic Liety’ 
His pubhcations under the.se heads were numerous and varied 
lealing inth, for example, the early metallurgy of lead and silver’ 
the remams of a Roman silver refinery at Silohester, siiver in nro- 
iistoric and proto-historic times, and the burial mounds and dolmens 
)f the early emperors of Japan. From 1903 to 1907 he acted as 
President of the Royal Anthropological Institute. 

During the last seven years of his life Professor Gowland who 
lid not escape the infirmities of advancing age, was very ’much 
;onfined to his room. He was, however, a man of indomitable 
pint and mamtained his intellectual activity and catholicity up 
;o his death. Ho endeared himself by his personal qualities to a 
.vide circle of friends, by whom he will always be affectionatelv 
'emembered, 


H. C. H. C. 


PROF. PHILIPPE A. GUYE.* 

Born June 12th, 1862; Died March 27th, 1922. ’ 

By the death of Prof. Philippe Auguste Guye, on March 27, SAvilzcr- 
;and loses one of the most eminent of her savants, and the world of 
science is the poorer by the passing away, in the fuU maturity of his 
ntellectual powers, of an assiduous and successful cultivator of 
latural philosophy, distinguished alike for the range and profundity 
)f his knowledge, the force of his genius, for his originality, his 
Rgenuity and nmiarkable oxixri mental skill. Geneva has long 
ken a home of science; some of her citizens are among the most 
honoured of its votaries, and (luye now assumes his due position 
p a roll already made illustrious by the names of Saussure, Dc La 
pive, and Marignac. 


« 

^ VOb. exXT. 


6 P 


Reprmted by permission from Xature, 
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Philippe A. Guye was bom at Saint-Christophe (Vaud) on June 
12, 1862. His earliest scientific studies were made at the University 
of Geneva, where he worked under Graebe, with whom he published 
papers on diphthalyl and on naphthalene hydrides — ^a modest 
enough theme for the ’prentice hand — mainly a repetition of Graebe’s 
observations of ten years previously, which seemod to liave teen 
called in question by the subsequent work of Agrestini. After taking 
his doctorate he repaired to Paris, where he remained some years 
working in the laboratory of Friedel. Here he appears to have 
come under the influence of ideas on spatial chemistry which science 
owes to Le Bel, and much of his work during the next few years 
was devoted to their development. In 1892 he was recalled to 
Geneva to occupy the chair of theoretical and applied chemistry in 
the university of that city, to which he remained attached for thirty 
years. During this period Guye, by his energy and personal influ- 
ence, his organising power, and the catholicity of his scientific aims, 
made an indelible impression on the academic life and activities 
of the university. He surrounded liimsclf wdth a body of earnest 
and enthusiastic workers, attracted from all parts of the world, to 
whom he gave freely from a wealth of ideas which ranged over every 
department of chemical and physical science. It is estimated that 
upwards of 600 communications emanated from the Geneva labora- 
tory while under his direction, some 200 of which bore his name 
alone, many others being joint contributions by himself and his 
pupils. His own \vork \vas characterised by a rigorous sense of 
accuracy, by caution and a recognition of possible sources of error, 
amounting almost to intuition, combined with a capacity for general- 
isation and a flair for fruitful hy^pothesis which seemed, at times, 
like divination. 

Although Guye began his scientific life under the guidance of 
Graebe, and at a time when the theory of organic chemistry and it.s 
technical ai>t>Hcations were developing with extraordinary rapidity 
and success, systematic organic chemistry of the type with which 
the name of his eminent teacher is a.ssjx^iated had few attractions for 
him, and it is doubtful whether Oraebe's teaching and example 
had any permanent influence on his career. At all events, on his 
election to the Geneva chair he cmhark(‘d upon the long scries of 
investigations on problems of physical chemistry on which his fame 
mainly rests. Ho was early attraeted to the many issues to which 
the molecular theory of van dor Waals gave rise. He discovered a 
.series of now relation.^ between the physical constants of liquids 
and their molecular magnitudes, and he greatly extended the con- 
ception of molecular a.ssociation in liquids. He devised new methods 
of dpterraining the molecular yieights of substances in the liquid 



OBITUAEY NOTICES, 


2911 


state and at the critical point. He attacked the study of molecular 
dissymmetry, and traced the connexion between optical activity 
and homology in liquids, between isomerism of position and rotatory 
power, and with the aid of his pupils he accumulated a great mass 
of experimental material which served to extend and substantiate 
his generalisations. 

In 1903 Guye turned his attention to the study of atomic weights, 
and, in particular, to a critical examination of the experimental 
basis upon which these magnitudes rest. He thereby followed and 
perpetuated a tradition with which the fame of the Geneva school 
of chemistry, as personified by Marignac, will always be connected. 
Practically the greater number of the one hundred contributions to the 
literature of chemistry which we owe to Guye’s pen during the past 
twenty years are devoted to this subject, upon which he la%ished all 
the powers of his matured intelligence, his experience, ingenuity 
and manipulative skill. Thanks to his organising capacity and 
the ability and enthusiasm of his collaborators, we have been fur- 
nished with a series of fiduciary values which are probably among the 
best determined of physical constants, in which every knoAm source 
of error has been rigorously scrutinised, and, as far as possible, 
eliminated. Naturally the trend of modern developments of ideas 
concerning the essential nature of the elements, and their funda- 
mental relations and possible interdejrendence, attracted Guye’s alert 
intelligence, and at the Brussels meeting of the International Confer- 
ence in June last he pointed out their significance in connexion 
with the proposed reorganisation of the work of the International 
Committee on Atomic Weights, of Avhich he w’as an enthusiastic 
advocate, and on which, had lie lived, he w ould certainly have made 
his influence felt as a member. 

It might be supposed from Guye's mental characteristics, and 
from the nature of his studies, that he would have little sympathy 
with the technical applications of chemistry. No such surmise 
could be further from the truth. Although not a professed technolo- 
gist, he had a considerable knowledge of manufacturing chemistry, 
and he enjoyed the confidence and esteem of the leaders of chemical 
industry throughout Switzerland, to whom he w'as ahA'ays accessible, 
and by whom his counsel and advice Avere highly appreciated. His 
name will always be associated with the extraordinary development 
of electrochemical synthesis in SAvitzerland, to AA'hich his lectures 
and Avritifigs largely contributed. 

Guye exercised great mfluence in scientific circles in Geneva, and 
took a leading part in the organisation of Swiss science. He pre- 
sided over the Swiss Physical and Natural History Society, was a 
member of the central Committee cf the Helvetic Society of Natural 
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Sciences, and president of the Swiss Chemical Society and of the 
Council of Swiss Chemistry. In 1903 he established the Journal 
de Ckimie physique^ in which the greater number of the.commuuica- 
tions from his laboratory after that year were published, and he 
was mainly instrumental in placing Helvetica Chimicd .dcto— now 
the leading chemical journal in Switzerland — upoh a sound and 
permanent foundation. 

Guye’s merits as a man of science were widely recognised. He was 
a member of the Scientific Academies of Petrograd, Madrid, and 
Bucharest, and honorary member of the Chemical Societies of France 
and England, a corresponding member of the French Institute, 
and a foreign associate of the Reale Accaderaia dei Lincei, and he 
shares with his countryman Marignac the honour of being a Davy 
medallist of the Royal Society. To the great regret of his 
many friends in England, the illness which ended in his death 
prevented him from coming to London to receive the medal in 
person. 

He has another association with the memory of Davy, who died 
at Geneva, which British chemists will not forget. They are 
grateful to Guye for his pious care of the tomb which holds the 
remains of the great chemist. 

T. E. Thorpe. 


WILLIAM KELLNER. 

Born 1839; Died September 12th, 1922. 

William Kellner died at Victoria Road, Charlton, on September 
12, in his eighty-third year. 

Bom at Frankfort in 1839, he received his scientific training under 
Prof. Wohler at Gottingen, finally obtaining his Ph.D. degree in that 
University. He became a Fellow of the Institute of Chemistry in 
1878, and served on the Council from 1895 to 1898, In 1862, he 
came to England as Assistant to Sir H, Roscoe at Owens College, 
Manchester, whence, in 1864, he went to Woolwich and joined the 
staff of the War Department Chemist (Sir Frederick Abel, Bart , 
K.C.B., F.R.S.). In his early years at Woolwich Dr. Kellner was 
engaged in the varied general work of the Chemical Department, 
later his main work became investigatory and experimental, both 
in connexion with explosives, and also to meet the requirements o 
the various Commissions and Committees on which the War ^part- 
xnent Chemist was a prominent member; of these the Bov a 
Commission on Accidents in Mrnes” and “The Explosives oni 
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mittee ” (appointed in 1889 to produce a smokeless powder for the 
Serrice) may be mentioned. 

Dr. Kellner also devoted much work to the production of an 
apparatus for the determination of flashing point in oils, and was 
largely responsible for the Abel flash point apparatus, eventually 
perfected; in collaboration with Sir Boverton Redwood, he carried 
out an exhaustive series of tests with this apparatus. 

As a scientific worker, Dr. Kellner was painstaking and methodical, 
displaying much skill in devising experiments to assist in elucidating 
the various problems confronting him in the course of his-work. 

As regards practical results, his most important work was in 
connexion with the evolution of cordite, much of the more difficult 
research and experimental work leading to the production of this 
explosive being carried out by Dr. Kellner, in the Chemical Depart- 
ment, at Woolwich Arsenal; in spite of the numerous smokeless 
powders which have been brought into use since, the fact that after 
a period of thirty years cordite still remains the British Service 
propellant for Army and Navy use is perhaps the best testimonial 
to the thoroughness of his work in this direction. 

In 1892 Dr. Kellner succeeded Sir Frederick Abel as Chemist 
to the War Department, and in addition to the duties of this office 
served as an Associate Member of the Ordnance Board and as Con- 
sulting Chemist to the Royal Gunpowder Factory at Waltham 
Abbey ; he retired from the Service in 1904. 

Of an extremely modest and retiring disposition, the value of 
Dr. Kellner’s work was little known outside his Department; he 
had a kindly and sympathetic nature, and his invariable courtesy 
and cheerful optimism charmed those he came in contact with ; he 
won the esteem of a large circle of friends. 

He was gifted with artistic tastes, a lover of music and devoted 
to gardening, in his retirement deriving much pleasure from these 
pursuits. He was unmarried. 

0. Trigger. 

GEORGE WILLIAM MACDONALD. 

Died August 7th, 1922. 

To a wide circle of chemists connected for the most part with the 
explosives industry, the announcement of the death of Mr. George 
W, MacDonald, O.B.E., M.Sc., brought with it the sense of loss of 
one with whom was associated the recollection of much pleasant 
co-operation and friendly' intercourse. 

Bom in Australia of Scottish parents — he claimed to be of the 
MacDonalds of Glencoe — he was ediJcated in Melbourne and Dunedin 
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and passed through Melbourne University, taking chemistry under 
Prof. Ormo Masson. Having obtained an 1851 Exhibition Scliolar- 
ship, he came to England in 1893, and worked at University CoUego 
with Sir William Ramsay on various subjects, such as the interaction 
of nitric oxide and sodium ethoxide, the possible occurrence of 
argon in animal and vegetable substances, the production of cyanides 
at the temperature of the electric arc, and the disengagement of 
nitrogen from azides. The last-inentioned process he had frequently 
carried out with safety, but on completing an operation a few hours 
after he had heard by cable of the death of his mother, an unfortunate 
explosion occurred which deprived him of the sight of an eye, 
Although he recovered the sight of the other eye, its eventual 
blindness was destined to affect his career. 

Undeterred by this experience, after his recovery MacDonald 
took up the study of explosives in the laboratory of Mr. William 
Macnab, whence he obtained an appointment with Messrs. Curtia’s 
and Harvey, in the first place in 1896 at their works near Dartford, 
and later at Cliffe-at*Hoo, whore he took charge of the research 
laboratory in 1908. 

MacDonald's work in Curtis’s and Har\^ey's was for the most part 
concerned with cellulo.se nitrates, their manufacture and chemical 
proprties. Bringing to bear a mind which was essentially 
methodical, he determined the conditions and laid down the controls 
for obtaining consistently the various natures of cellulose nitrate 
needed for incorporation into blasting explosives, for preparing the 
firm’s smokeless sporting powders, and for making into cordite. He 
conducted a large body of work on the chemical stability of cellulose 
nitrate, and was one of the first in this country to introduce, for 
the purpose of works control, methods for safeguarding the stability 
of the product, founded on the principle of heating the esters under 
standard conditions until a marked decomix>sition supervened. 
Some of the results of this work on manufacturing processes and on 
stability wore contributed in papers and discussions before the 
Society of Chemical Industry during the years 1904 to 1914. tor 
many years {\m) to 1916) he contribute^tl to the Journal of tha 
society a scries of valuable alxstracts from the current literature on 


Always interested in tlic historical development of lus subject, 
MacDonald brought out in 1912 a book, “Historical 

Explosives.” in which he described m an Interesting manner 
the work of the discoven^rs of mercuric fulminate, guncotto , 

Ik. .1*1. f.ll.«J 

(Inscribing more minutely tlic advances made by i ■ 

Off account of his health, Ws connexion with Messrs. 
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and Harvey was broken for nearly two years, which ho spent in 
Cairo and in Belguim, where he was engaged in introducing modern 
plant and processes for a Belgian Company making nitrocellulose. 

MacDonald returned, however, to the service of the firm before 
the war, and took part in designing the subsequent expansion of 
their works. His keenness to assist was shown at this period by the 
enthusiasm with which he took up the manufacture of that substitute 
for cordite (Cordite R.D.B.) which had been put forward from Wool- 
wich as it did not involve the use of acetone. When further exten- 
sions of plant for making guncotton were required, his special 
experience was utilised by the Admiralty in advising on matters of 
design of plant and of buildings in order to avoid certain dangers. 

On the occasion of the recognition of his work at an Investiture 
of the Order of the British Empire, he received the O.B.E., and had 
personal consideration at the hands of the King as his eyesight by 
this time had almost entirely failed. The gradual loss of the sight 
of his remaining eye, in spite of a scries of operations, constituted 
the tragedy of MacDonald’s life, and until near the end the hope- 
fulness and courage ^Yith which his friends found him meet his great 
handicap have always been amongst them a matter for remark and 
admiration. 

It would be \^'rong at the same time to omit reference to the help 
which MacDonald had from his wufe {nh Callcndar), not only in 
her care for his health , but also as regards his w'ork. A good linguist, 
she assisted him in translations from foreign literature, and saved 
the strain on his eyesight involved by reading and preparation of 
papers, abstracts, and reports. 

On his arrival in England, MacDonald speedily made a large 
number of friends who were attracted by his personality and the 
merriness and the sparkling character of his conversation. 

Later he will be remembered by the group of chemists who 
occupied the “ explosive table ” at the dinners preceding the 
meetings of the Society of Chemical Industry, as the one who more 
than any other by his joviality helped to make it justify its name. 

Those who knew him will never recall MacDonald ^^thout 
remembering him as one whose characteristic was his willingness to 
assist either by undertaking work himself or by freely affording the 
results of his experience, all this being done with a personal charm 
which was the reason for his circle of friends being both appreciative 
and large. 

He died in London on August 7, 1922. 


R. Robertson. 
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LIONEL WILLIAM STANSELL. 

Born 1861 ; Died May 22nd, 1922. . 

Lionel William Stansell was born in London in I86i 
Educated at the City of London School, he became a ptpH 
Mr. Otto Hehner in 1877. 

After spending eighteen months as assistant to the late C. H. Piesae 
he went to Maidstone in 1880 as assistant to the late Dr. M. A. Adams* 
Public Analyst for the County of Kent, and afterwards became his 
partner. Dr. Adams retired from practice in 1911 and Stansell 
acted as County Analyst for two years, until a whole-time appoint, 
ment was made to that office. Stansell retained, however, the 
appointments of Public Analyst to the City of Rochester and the 
Boroughs of Gravesend and Maidstone, and waa also engaged in 
private practice. • 

Stansell waa a conscientious and hard-workmg analyst, whose 
whole heart was in his duties. These left him little time for any 
original work, but in his earlier days he w'as joint author with 
Mr. C. H. Piesse of a paper dealing with the analysis of mustard 
and w’as also responsible for the chemical work involved in several 
papers contributed by Dr. Adams to the Analyst. 

Singularly quiet, modest and reserved, he w’as little knowm out- 
side his immediate circle. He was an accomplished musician, 
Stansell died, after a long illness, on May 22ud, 1922, leaving a 
widow and one daughter, his only son having died a few years 
before as a consequence of war service. He became a Fellow of 
the Chemical Society in 1887. E. M. H. 
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TRUST DEED ESTABLISHING THE EDWARD 
frank HARRISON MEMORIAL FUND.* 

TO ALLft'O WHOM these Presents shall come THE 
CHEMICAL SOCIETY of Burlington House Piccadilly London a 
Society incorporated by Royal Charter sends greeting : — 

WHEREAS in order to create a fund in memory of the late 
Colonel Edward Frank Harrison deceased formerly Deputy Con- 
troller of the Chemical Warfare Department and to commemorate 
the devoted services he gave in the protection of the British Forces 
from poison gas ^ the la^ Great War a Committee was formed to 
invite collect and administer subscriptions to the said fund and 
subscriptions thereto were received from former friends and 
colleagues of the said Edward Frank Harrison and others amounting 
in the whole with accrued interest to One thousand six hundred 
and forty pounds or thereabouts 

AND WHEREAS in accordance with the wishes of the 
subscribers the sum of Five hundred pounds has been expended 
out of the said fund in the design production and erection of a 
bronze relief memorial in the rooms of The Chemical Society at 
Burlington House and in the payment of certain small incidental 
expenses and the balance of the said fund remaining after pay- 
ment of certain expenses incidental to the administration of the 
said fund {including the costs of and incidental to the preparation 
and execution of these presents) and consisting of Five per cent 
National War Bonds for One thousand pounds and One hundred 
and fifty pounds one shilling and five pence cash has by the direc- 
tion of the said Committee and in accordance with the wishes of 
the subscribers been transferred to The Chemical Society to be 
held by it upon the trusts and with and subject to the powers and 
provisions hereinafter declared 

NOW THESE PRESENTS W I T N E S S and The 
Chemical Society HEREBY DECLARES as follows — 

1. THE Trust hereby established shall be called ‘‘ The Edward 

Frank Harrison Memorial Trust 

2. THE Chemical Society shall either retain the said National 

War Bonds as invested or at its discretion sell the same 
or any part thereof and shall invest the proceeds and the 
said sum of One hundred and fifty pounds one shilling and 
five pence cash and any other money requiring investment 
hereunder in any mode of investment from time to time 
authorised by law for the investment of trust moneys and 
may* at its discretion from time to time vary investment-^ 
within the prescribed range The investments from time 
to time representing the said National War Bonds and cash 

* See also Traus., p. 2894. 
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SO transferred to The Chemical Society as aforesaid are 
hereinafter called “ the Fund ” 

3.’ THE income of the Fund (including mcome resultmg from 
the investment of income) or such part thereof ^ The 
Chemical Society shall think fit shall be applied in pro- 
viding periodically and for such selected candidate as here- 
inafter mentioned a money prize to be called the Harrison 
Memorial Prize ” not exceeding in each case One hundred 
and fifty pounds which Prize shall be at the absolute disposal 
of the recipient free from any restriction The sum of One 
hundred pounds cash may be raised out of the corpus of 
the funds transferred to The Chemical Society and be treated 
as income of the Fund so as to be available for the provision 


of the Prize . 

4. ANY income which in the opiruon of The Chemical Society 

is not required for the provision of the Prize shall be in- 
vested so as to form an accretion to the corpus of the Fund 
with a view to meet the contingency of a reduction in the 
amount of income from time to time produced by the Fund 
but if in the opinion of The Chemical Society there is no 
reasonable probability of the income produced by the Fund 
being so reduced as to be insufficient to provide the Prize 
any such surplus income as aforesaid may be applied by 
The Chemical Society for such purpose having for its object 
the promotion of Chemical Research as having regard to 
the objects of the Trust The Chemical Society may think fit 

5. The recipient of the Prize shall be selected by a Committee 

consisting of the Presidents for the time being of The 
Chemical Society The Institute of Chemistry of Great 
Britain and Ireland of 30 Russell Square London The 
Society of Chemical Industry of 46 and 47 Finsbury Square 
London and The Pharmaceutical Society of 17 Bloomsbury 

Square London t i m • 

6 THE President of The Chemical Society shall be Chairman 
of the Selection Committee and the selection of the recipient 
of the Prize shall l>e by a majority vote of the Selection 
Committee the Chainnan in case of equality of votes hamg 


a second or casting vote 

THE Prize shall be awarded to the chemist of either sex being 
a natural bom British subject aa for the time being defined 
by Statute and not at the time over thirty years of age 
who in the opinion of the Selection Committee shall dunng 
the previous five years have conducted the most mentonous 
and promising original investigations in Chemistry an 
published the results of those investigations m a scientmc 

to 'the condition that the Selwtion Committ^ 
shall be of opinion that there is a candidate of 
rtinction to warrant an award of the Prijo the first award 
shall be made in December One thouaadd nine bun 
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and twenty-three and in December of the third year reckon- 
ing from and exclusive of each year in which the Priz'e is 
in fact awarded the Prize shall subject to the same con- 
dition again be awarded If in any year in which the Prize 
fnllp to be awarded the Selection Committee shall be of 
opinion that there is no such candidate as aforesaid the 
award of the Prize shall be deferred to the next following 
year or thereafter from year to year until the Selection 
Committee shall be of opinion that there is such candidate 
as aforesaid 

9 UPON every occasion when the Selection Committee shall 

meet for the purpose of selecting a candidate for the Prize 
it shall be reminded that the award is not limited to out- 
standing merit in any special branch of chemistry but that 
it is to be given for conspicuously meritorious work in any 
branch of chemistry pure or applied and further that it 
was intended by those who contributed to the Fund that 
the Prize should be regarded as an exceptional distinction 
to commemorate an exceptional man and to be conferred 
upon the young chemist who in the opinion of those best 
qualified to judge has made a notable addition to our know- 
ledge of chemistry 

10 THE Officers and Council of The Chemical Society in con- 

sultation with the Selection Committee shall decide whether 
any public announcement of an imjjending selection of a 
recipient of the Prize shall be made and if it is to be made 
shall determine the nature of the announcement 

11 THE Prize shall be presented by the President for the time 

being of The Chemical Society at an ordinary or special 
meeting of the Society as soon as possible after the announce- 
ment of the award and shall be accompanied by a Certificate 
or Medal (as shall be hereafter detenu ined by The Chemical 
Society) to be provided out of the income of the Fund and 
which Certificate or Medal shall bear the name of him in 
memory of whom the Fund was founded 

IN WITNESS whereof The Chemical Society has hereunto 
caused its Common Seal to be affixed the Sixteenth day of Xovember 
One thousand nine hundred and twenty- tw^o 

THE COMMON SEAL of The Chemical 
Society was hereunto affixed in the 
presence of 

JAMES WALKER, President. 

JQCELYN THORPE, Treasurer. 
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by fuller’s earth (Ridkal and 
'Thomas), 2119. 

AAiiity, residual, and to-ordinatimi 
(Morgan and Smith), 160, 1956. 
2866; (Morgan and Drew', 922; 
{Morgan and King). 1723; (Morgan, 
Drew, and Barker), 2432 ; (Mouoan 
and MtiNR), 2857 ; (Mo ROAN and Led- 

ni'KY), 2882. 

Alooholf, in trod net ion of tlie chlom- 
ethyl group into (CLKnoand Perkin), 
64l 

Aldah^et, conversion of, into acetals 
(HAWORTH and L*?wourii), 76. 
interaction of thiocarbamidcs and 
(Tatlob), 2267. 

aromatic, in eucalyptus oiln (Ten'- 
rOLU), 286. 

AlUartn enlonring matten, cobalt 
* dariTatives of (Morgan and Smith), 
160. 

AlfcaH hydrogen sulphites, eouiltbrla of, 
in a<|neous aointiona (Baly and 
BAtLET), 181S, 

Alkaleldi, eiiichona. See Ciuchona. 


Alkyl iodidea, reactivity of, with sodimn 
benzyloxide (Haywood), 1904. 

Alkylarylaminei, hydroxy-, esters of 
(SAUNDKKa), 2667. 

Alkylhy draionM ( Bbau y and Me H ugh ) 
1648. 

AlkyUdenaeyanoaeetic acidf, syntheses 
of (LarwuRth and MgI^eI 1699 
2741. 

Alloys, formation of (Mansuki), 2272. 

Altuninloxalie aeid, CilLOi,.!!. 

Aluminitim alloys with atonic (Man 
MURi), 2272, 

Aluminiiutt sulphate, equilibnum of 
potassium sulphate, water, and 
(Bbitton), 082. 

chiorosulphoxide and sulphur cldoride 
(Smubbkau), 1017. 

Amaniia muxaria^ iaolatiou of muscar- 
ine from (King), 1743. 

AoMdea, acid optically active, c.vta1ytic 
race mi nation of (McKenzie and 
Smith), 1348. 

AmioeSt action of, on scmioarliazones 
(Wilson, HoprEn, andCuAWFORD), 


hydroferr icy snides and hydroferro- 
cyanidea of (Ccmming), 1287. 

Lmiso-eonipOTlluls, introduction of thi^ 
chloroethyl group into (Clemo snd 
rERElN), 642. 

LttBittOi, complex metallic (Duyi'!, 
450. 

tmmenta, reactivity of (Baly and 
Duncan), 1003. 

ignition of mixtures of, with air and 
oxygen (White), 1688. 
action of, on t:opj>ef (Ba-ssett and 
Durbant), 2630. 

bnmooittiB chloride, equilibrium in 
the systems of, with water and 
rnbaltous, ferrous, or nickel cldonuc 
(Clkndinnen), 801. , 

chloride and sulphate, equilibriura of, 
with sodium chloride and sulplwt« 
and water (UiVEtr), 379. 

diamminotetranitrocolwittate 

(Knaoos) 2078. 
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nitraU, properties of (Mil- 
ligan, JosiPH, and Lowjiy), 
959 ; (Early and Lowey), 963 ; 
(Pebnan), 2473. 

decompositiori of, by lie.it 
(Saunders), 693. 

action of, .on- copper (Bassett and 
Durrant), 2630. 

sulpbate, eqm)ibri*mn of glncinnm 
sulphate, water, and (Brittonj, 
2612. 

equilibrium of raagnesium and 
potassium sulphates, water, and 
(Wiwton), 1223. 

Aiamoiiiflm ^ organic compounds, 

niiatemary, influence of solvents on 
the Telocity of formation of 
(Hawkins). 1170. 

Amygdalin, ChHjtOiiX. 

iDTlaios Gf cereals (Kakep. and 
Holton), 1929. 

A^\dropogon Jwarancwa^ terpenc from 
the essential oil of (Simoxhen), 2292. 

Amioal Oeneral Xeeting, 722. 

Anthracene senes, studies in the (Bak- 
sirT and Cook), 1878 j (BAiisiETr, 
Cook, and Grainger), 2059. 

Aathraquiuone, 2*hydroiy*, CullgO,. 

Aromadendral, true nature of (pESKoi.n), 


266. , 
AroaadenWtt, constitution of (Xrsnt. 

KAWA and Robinson), 339. 

Aromatic compoondl, i»!y nuclear, mole- 
cular configuration of (Chbistik 
and Kenner), 614. 
heterocyclic (Arm it and Robinson), 
827. 

Aiwnie, polymorphism of iLAscur.s- 
ohesko), 972. 

Arwnifl alloys with aluminium (Max- 
stri), 22/2. 

Arsenlo organic oompoondl (Mann and 
Pope), 1764. 

Atmospherio air, propagation of flame 
in mixtures ofgaMi with (PAyMAN 
and Whekler), 363 ; (White), 
1244, 1638, 2661. 

ignition of mixture* of methane and 
(Mason and Wheeler). 2079. 
Atoms, induced (jolarityof (Lapwoktu), 
416 ; (Kerkack and Koihnson), 
427. 

AtMlactinamide. C,H,iO,y. 
dselaie acid, HttOf. 

Ato-ooloaring matten, calculation of the 
colour 01 (.Mora), 1555. 

T»t (MiiKRRJij, 2879. 

Asomethine compoondi (Mono an and 
Reeves), i. 


B. 

Balance iheeti of the Chemical Society 
and of the Research Fund. See 
Annual General Meeting, 722. 

Barley, amylase of (Bakeu and Hul« 
ton), 1929, 

Bases, heterocyclic, reactivity of methyl 
groups in (Mills and Smith), 2724, 
Beheaic acid, C„M^Oj, 

Beiuan throne derivatives (Bradshaw 
and Perkin), 911. 

m-o-Benxbispyrrole, 2;fi.dihydroxv- 
C.oH*0,N,. ^ * 

Benzbiithiasoles (Edge), 772. 

Benzene nucleus, structure of the 
(Inoold), 1133, 1143. 
substitution iu the (Davies), 806. 
influence of the chlorine atom and 
the methyl and sulphonyl chlorMe 
groups on substitution in the 
(Davies), 785. 

influence of nitro-groups on the 
reactivity of substituents in the 
(Burton and Kesnkh), 489, 675. 
formation of rings attached to ihe 
(pRRKis and Titley), 1582. 
derivatives, action of sulphuryl 
ciiloride on (Dcrkans), 44. 
Benzenedi-iu-thiobenzoic acid, 

Beazeaesalphamphthaleia, tetrahyde- 
oxy-, Ci,Hi,0,XS. 

Bensochlotoamides, prejwration and 
jiroperiies of (Ei.irorr), 202, 

Bensoic acid, p dithio-. Seep-Disulph- 
iJobenzoic acid. 

Bensoic acids, substituted, ethyl esters, 
velocity of saponificfttion of {Ca.sii. 
MORE, ilcCoMRiK, and Scarborough), 
243. 

Benzophenone ciiloride, CijHuOt. 
Beniothiaaole series, cyanine dyea of 
the (Mills), 455. 

Bensyol acetones, selenium (Morgan, 
Drew, and Barker), 2453. 
Beryllium. See (^luciDum. 

Biimuth fn'chloridp, action of diazonium 
chlorides with (Challenger and 
■Wilkinson', 102. 

Biimoth organic compounds ^CHAL' 
LRMJER and Wilkinson), 91 ; 
^Chali.ENgeR and Riugway), 104. 
action of thallic chloride on (D, and 
A. E. Goddard), 260. 

Bismnthinei, tertiary aromatic {Chal- 
lenger and Wilkinson), 91 ; (Chal- 
lenger and R IDO wav), 104. 
Bisulphites. See Sulphites under Sul- 
phur. 

Blnnua ^nlcomii, e-Ai-ential oil from 
(SiHONSKN and Rai'i, 876. 
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Boron, New Zealand, isotopes of (Monro), 
986. , 

Borle aoid, and its salts, complex 
compounds of, with fructose and 
with mannitol (Gilmour), 1833. 
Hexahjdrodloxydiboron, potassium 
salt (Rat), 1088. 

twBraiilaia, Oi,H,|0,. . 

Bromination of organio acids (WARDJ, 
1161. 

Bromine water, action of, on indene 
(Read and Udrst), 2560. 

Bromine organio eompouds, preparation 
of, without production of hydrogen 
bromide (Quita and Thobpi), 1896, 
Brucine, CaH« 04 Ng. 


a-Campholytie aoid, CgHiiOa. 
Camphoreini(diNOH, Rai, and Lal), 1421. 
Capeularin, C|,H„Og. 

Carbamidee, couititution of (wxaKXR), 
2318. 

thio'. See Thiocarbamides.^ 

Carbaiisle acid, dithio*, CH^NgS^ 
Carbaiole eeriea, diaso- reaction in the 
(Morgan and Rbad), 2709. 

Carbinola, optically actire. lubricating 
power of (Doublidat), 2876. 
Carbooyanlnei, isomeric (Brausholt/), 
169. . _ , 

Carbodi^imides, condensation of hydro- 
chlorides of, with phenols (Short and 
Smith), 1803. 

Carbon, reec tion be t w een n i t rogen , sod i am 

carbons t e,and ( I N G 0 LD and W I LBO N ), 

2278. , , 

dioxide, rate of evolution of, from 
solution in presence of colloids 
(PiNru-AVand Howell), 1046. 
Jiaulphide, action of, with thallous 
a-dikfctones (Morgan and Led- 
bhbt],2892. . 

Carbonyl chloride, adsorption of, by 
beech wooil charcoal (BdNBDRT), 1525. 
Carbonyls, meUllic(MoNDandWALLis}, 
29, 

action of nitric oxide on (Mond and 
Wallih), 32. 

Ca^tla A'icdoiaoni, canteliu from (Bos- 
man), 969. 

Cutel^nin, CiHj, 0 ,. 

CasteUmarin (Bosmas), 970. 

Caatelin, Ci,HnO|. 

CatalyMe, studies in (Tayi.oe and 
Lewis), 666 ; (Moran and Liw is) 
1613 . , . ^ 

role oi protective colloids in (iR» 
dale), 1536. 

in fuller s earth (Ridial «id Tbomas), 
2119. 


Catalysis by ions, effect of a magnetic 
held on, in presence of a paramagnetic 
■alt (QabhER and Jackkan), 1298. 
Catalytic hydrogenation with reduced 
nickel (Eidral), 309. 

Catechin, ChHhO,. 
CateoholeamphoTsin, CggHnOg. 
Cateoholfulphamphthalein, Ci,H„ 0 jNS 
CateehnUnnins (Kierenstein), 23. 
Cathodes, mercury, overvoltage at (New- 
BERT), 7. 

Cellnlose, viscosity of (Jotkie), 1511 
2895. 

reactions of, with sodium chloride and 
nentral salt solutions (Mastebs) 
2026. 

cotton, glucose from (Ibyine and 
Hirst), 1685. 

Cevadine, C^H4 jOqN. 

Cerlne, OrtH4sO|N. 

Charcoal, adsorption of saturated vapenrs 
by (Driver and Firth), 2409. 
beech wood, adsorption of carbouvl 
chloride by (Bonburt), 1625. 
Chemical eonstitutiou in relation to 
lubricating power (Doubledat 
2875. 

theory, rfile of the physicist in develop- 
ment of (Walker), 735. 
Chlorination with sulphury I chloride 
(SILBKRRAD), 1015. 

Chromioxalic acid, C|HyO,2Cr. 
Chrcmium inoxide, equilibrium ofsulplnir 
trioxide. water, and (Gilbert, Buck- 
let, and Masson), 1934. 
Chromium organic compeuadi;— 
Chromic salta with azosalicvlic aciib 
(Moru.an and Smith), 2866. 
Cinchona alkaloids, stereocbcmUlrj ol 
(Kino and Palmer). 2577. 
Cinchonidine, 

Cinchotoxlns, Ci^HhONi. 
Citraconylhydruidei, isomeric (Chai- 
taway and Paekks), 283. 

Coal, compoeilion of (Tideswiil and 
Wheelrr), 2345. 

BritUh, compoailion snd analysis of 
(Drakelit), 221. 

Cobalt niiroaotricarbonyl (Mond and 
Walus), 34. 

Cobaltoof chloride, equilibrium in tlie 
system, ammonium chloride, witer, 
and (CU 1 NDIN.NEN), 801. 
HcxanuninoeobaltLe chloride, pri-pw* 
tion of (Morgan and SjiitbI, 
1970. 

Cobalt organic compouuds:- 

Cobalt eases (codoitomWiJi#*', « 
(Drrr), 450; (Moroax 
Smith). 1956, 2866. 
i of nitro-colouring matters (Mobga- 

and KINQ), 1723. 
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UkM of the alizarin sariea 
{Morgan and Smith), 160. 

^th quinoneoimieB (Mokqax and 
. Moss). 2857. 

CoUoidft eiCwt 9f, on the rate of evolu- 
tion of carbon dioxide from solu- 
tion (Findlay and Howkll), 
1046; • ^ 

protective, rola of, in catalysis 
(Irrdalz), 1586. 

effect of, on the corrosion of metals 
{Frirkd and Vallance), 466, 
Colour, dicyclic theory of (Moje), 1808. 
caloulatiOD of, of azo-colouring matters 
(Moib), 1555. 

Coloorbif mtten, optically active 
(SlMGH, Bai, and Lal), 1421. 
of the alizarin series (SIorqak and 
Smith), 160. 

from camphoric anhydride (Sircar 
and Dutt), 1283. 

cyanine (Mills), 455 ; (Mills and 
Braijnholtz), 1489 ; (Brauk- 
HOLT2 and Mills), 2004. 
from oa'-dicyanodi benzyl diketone 
(DcrTT and Sen), 2663. 
from phenantbraqui none (Sircab and 
Durr), 1944 ; (Dutt), 1961. 
red sulphide (Watbon and Dutt), 
1939, 2414. 

from “saccharin ” (Dutt), 2389. 
from 1 :2 : 4 ; 5 -tetrah yd roxy benzene 
(MuxeejOi 545. 

nitro-, eobal tarn mines of (Morgan and 
Kino), 1723. 

Combnatfam of mixed gases (Payman 
and Wheeler), 363. 
i^^froCompoundi, formation and stability 
of (Kon), 513 ; (Dickens. Ko.n, and 
Tboere), 1496 ; (Birch andTiiOKi'E', 
1821. 

Co-ordination and residual aiSnity 
(Morgan and Smith). 160, 1966, 
2868 ; (Morgan and Drew), 9‘J2 ; 
(Morgan and King), 1723; (Morgan, 
Drew, and Barker), 2432 ; (Morgan 
and Mose), 2857 ; (Morgan and 
Ledbury), 2862. 

Copper, action of ammonium nitrate 
and aqueous ammonia on (Bassett 
A nd Durrant), 2630. 
peroxides (Aldridge and Avpi.kbey), 
238. 

Cupric chloride, reaction of liyjm 
phosphorous acid with (Mit- 
chell), 1624. 

tetrainmine nitrate and nitrite, 
properties of (Bassett and Dur- 
rant), 2630. 

alkali sulphates, dissociation pres- 
aurea of (Caven and Ferijuson), 
1406. 


Copper 

Cuproui bromide and chloride, pho- 

totropy of (Singh), 782, ■ 

chlonde, preparation of, and ita 
oxidation by sulphur dioxide 
Aud Pxnkard), 


action of sulphur on (Pinhard 
and Wabdlaw), UOO. 
Cuprates (Aldridge and Applebey), 


Copper, estimation of, iodometrically in 
presence of iron (Ware) 358. 

CorcWs capmlarii (jute), glucoside 
from the leavee of (Saha and Choud- 
hurt), 1044. 

Corrosion of meUls, retardation of. by 
protective colloids (Friend and Val- 
LANXE), 466. 

Coumaranoae series, studies in the 
(Minton and Stephen), 1598. 

Cryptal, C,qHi,0. 

CryBtali, structure of (Bragg), 2766. 

Cumiualdehyde, (t,HhO. 

Cuprates, Cuprie, and Cuprous salts. 

See under Copper. 

Cyanamides, condensation of hydro- 
chlorides of, with phenols (Short and 
Smith), 1803, 

Cyaaiues, thio-, tiutomerism of (Mills 
and Braunholtz), 1489. 

i's(>Cyanines, bromioated (Moudcill), 
1509. 


Cyaaiue colour mg matters (Mills), 445 ; 

(Mills and Braunholtz), 1489 ; 

(Braunholtz and Mills), 2004. 

Cyclic compoundB, formation of, from 
h&logenated open-chain derivatives 
(Chandrasena and Ingold), 1306 ; 
(Ingold), 2676. 

tautomerism of, with open-chain 
isomerides (Kon, Stevenson, and 
Thori'E), 650. 

halogen derivatives, absorption spectra 
of (Graham and Macbeth), 2601. 


D. 

Dialkyl sulphides, chloro- (Porz and 
Smith), 1166. 

Diammiuc^nitro-oxalatooobaltie acid, 

C,H,OsN*(-’o. 

Dianthroae, 3 : 3'-tfjhydroxy-, G,|H,804. 
Dianthryl, 2 : 2'- if ( hydroxy-, 
Diazo-reiction in the carhazole series 
(Morgan and Read), 2709. 
Diaxonium salts, interaction of phenols 
and (Chattaway and Hill), 2756, 
Dibenzoylmethaues, selenium (Morgan, 
Drew, and Barker), 2464. 
Dicyanodiamide, C1H1N4. 
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DiMkauum retotioB (Kon), 518. 

DiMkmBBB-Kottppft rtaete (Diokeks, 
Kon, and Thohpb), H96. 

DiaUFlanodianuiflOobaltie bromides, 
complex, oondnctivities of (Ddff), 450. 

jvm'Diethyl noopi, efleot of, on the 
carbon tatranedral angle (Deaha pande 
and Tho&pk), 1480. 

Dibydronaplithalene Mriei (Bows and 
Davies), 1000. 

iS-Dlketonea, interaction of selenium 
tetrachloride and (Mosoan, Drew, 
and Barxxk), 2438. 
action of carbon disnlphide on thallons 
compounds of (Morgan and Led- 
BURT), 2892. 

DimathylflyOKalina, C|HaN|. 

O'Dinaph&axaiitbeiu, substituted, oxi> 
dation of (Sen-Ouppa and Tucker), 
667. 

Diiaeftbaridet, constitution of ( Ka worth 
and Leitch), 1921. 

Diapanioa, rotatory, of organic oom- 
pounds (Lowrt and Cutter), 632. 

Distil latW, separation of miKible liquids 
by (DnrroN), 300. 

Diityryt ksttmet, beuzopyrylium salts of 
(Buck and Heilbron), 1198. 

Disnlpkidet, aromatic, action of sub 
phtthc acid on (Smiles and McC'lkl- 
land), 86, 

p-DifUlpkidobsuoie aeid, 

Dopplsrite (Tideswell and Whkei.ek), 
2346. 

Drying, change of properties of sub- 
stances on ( Maker), 668. 


S. 

llSBieatl, artihcial disintegration of 
(RutherpokiO, 400. 

Insymss 

Amylase. 

BguiUhria in systems of water and 
alcohols (PusHJN ami Glagoleva), 
2813. 

BsUrt, velocity of saponificAti^m of 
(McComrik, STARBoKia’GH, and 
Settle), 2308. 

interchange of alcohol radirbs in 
(Shimomura and Cohen), 883, 

m\. 

action of hydraxine on the hitogen 
deriratires off Hirst and AIaubcth), 

2169. 

Xtksra. formation and properties 

of (Naik and Ava^ark), 2592. 

C-Itkylasafylacetonss, selenium (.Mor- 
gan, Debw. and Barker}, 2460. 

HkylbydrotEpfaidiEG. CUHatO.yi. 
Itkylbydiorapraias, ^H|aO|N,. 


Euoalyptiu oil, aromatic aldehydes in 
(Psnfold), 266. 

Exploilaa of mixed gases (Campbeli^ 
2488. ■ 

ExplosiTei, high, velocity of decoin].o. 
sition of; In a vacuum (Farmer), 174 


F. . 


Fats, saponification of (Norris jin.l 
McBain), 1882. 

Fenrio salts. See under Iron. 


Ferrioxalie asid, C«H|Oi|Fe. 

Flame, propagation of, in mixtures of 

sir with gaseifPAYMANandWHEEiEin 

363 ; (White), 1244, 1688. 2561 ’ 


Friedel and Crafts* reaction, use of iron 
pyrites in (Smythe), 1270. 

Fuller’s earth, adsorption and caUlvsis 
in (Rideal and Thomas), 2119. “ 
Falminie aeid, C,H,0,N,. 


G. 

Oambier-eateehinoaTboxylie acid 

CjiHuO,. 

Oases, specific heat of (Incold and 
USHIRWOOD), 2286. 
mixe4, explosion of (Campbell} 
2483. 

ignition of (Payman and Whep.lee'i 
363 ; (White), 1244, 1688, 2561 ; 
(ilAsos and Wheeler), 2079. 
Gelatin, isoelectric condition of (Uawl. 
INO and Clark), 2830. 
thennal expansion of geU of (Takkei.I 
1971. 

solubility of (Fairbrother and 
Swan), 1237. 

Gluetmine, C«HtjO)N. 

Glneinum {beryllium) sulphate, equili- 
brium of aramouium sulphate, water, 
and (Britton), 2612. 

Glueosi^ne, C,Hj|OjN. 

Glueoiidee, studies on (MAcnETii and 
Pryds), 1660. 

See also 
.4mygdalii), 

Csttsiilarin. 

Caste] in. 
lodican. 

Pelaigotirnin. 

Pelargooin. 

Olutaeenie aefdst addition of hydrogen 
cyanide to derivatives of (Hope and 
Sheldon), 2223. 

•stem, self-condensation of (Inuold, 
Peiirbs, and Thorpe), 1783. 
Olntniifl aeids, odd-trUlkylsted, pre- 
paration of (Kon and Thorpi)i 1755. 
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Qlutarie teiies, esters of the, 

pieckmann reaction with (Kon), 513. 

H. 

Halogam, elimination of, in the redur;- 
tioQ of halopnated nitro-compouuds 
(Burton and Kenner), 675. 

Halogen atoms, lability of, in organic 
compounds {Hendeilson and Maj;- 
beth), 892 ; {HiRST and Macbeth), 
904, 2169 ; (Graham and Mac- 
beth), 1109, 2601 ; (Macbeth), 
1116; (Black, Hjrrt, and Mac- 
beth), 2527. 

hydrides, formation and dissociation 
of, in aqueous solution (Ray aud 
Sakkak), 1449. 

Halogen organic compounds, action of 
ammonia and of tftsnuus chloride 
on (Black, Hirst, and Macbeth), 
2527. 

containing nitrogen, action of hydr- 
azine on (Hirst and Macbeth), y04. 

Haloldi, inorganic, interaction of organo- 
metallic componnds with (Chal- 
lenger and Ridgway), 107. 

Harmaline, GuH]^ON,. 

Haxmine, 

Harrison Memorial, 2894, 2917. 1 

Heat, specidc, of gusea (In gold and 
Usherwood), 2286. 

HeteroeyoUe compounds, effect of sub- 
stitntiou on the formation and sta- 
bility of (Inoold, Sako, and Thorpe), 
1177. 

Hexadeeanesulphonie acid, 

Hexahydrodioxjdiboron. See under 
Boron. 

Hexamminooobaltio chloride. See tinder 
Cobalt. 

cyc/()HexAnes, snbstitnted, action of 
hydrazine on halogen derivatives of 
(Hirst and Macbeth), 2169. 

Homoterpenylie acid, C,H„04. 

Hydautoitts, effect of substitution on 
the formation and stability of (In- 
GOLD, Sako, and Thorpk), !i77. 

Hydraxonci (Brady and McHcgh'i, 
1648. 

Hydroearboni, paraffin, catalytic oxida- 
tion of (Sal way and Williams), 1343, 
Hydroeinchoaidine, C,»H„ON,. 
Hydrooinehoniae, CuHnUX,. 

Hydre-ferrt- and -ferro- cyanides of or- 
ganic bases (Cummiko), 1287. 

Hydrogen, specific heat of (Ingold nnd 
Usherwood), 2286. 
proMrties of, when desorbed from 
platinum and palladium ' (Ander- 
son), 1168. 


Hydrogen, fonnation and disaociation 
01 polyhaWen componnda of in 
aqups solution (Ray and Sakkae), 

yaroiiJe, catalytic decompoaition of, 

Hydroqai’nidino, 

Hydroqulnine, CtgHjjOjN,. 

Hydroxy-aci^, action of potassium 

Rote), ?98 ' ““ 

Hy^phoaphoroiu acid. See under Phoa- 
Iihonis. 


I. 

Ignition of gases (Patman and 
Wheeler), 363 ; (White), 1244, 
2r)61 ; (ilAsON and Wheeler) 
2079. 

of mixturea of ammonia with air and 
oxygen (White), 1688. 

Imino-atyl etheri (Chapman), 1678. 

Indene, C,Hg. 

Indicau, Ci4H„0,N. 

Indicator, modified methyl orange 
(Hickman and Linstead), 2502. 

Inulin, constitution of, and its methyl- 
ation (Irvine, Steele, and Shan- 
non), 1080. 

Iodine, action of sulphurous acid with 
(Macaulay), 552. 

Iron, rate of solution of, in dilute 
sulphuric acid (Friend and Den- 
nett), 41. 

/j^’iitacarbonyl and nitrosocarbonyl 
(Mono and Wallis), 30, 35. 

Ferric hydroxide, adsorption of radium 
•.Band - C by (Cranston and Hut- 
ton), 2S43. 

sulphates, equilibrium of formation 
of ( Apple re Y and Wilkes), 337. 
Ferrous chloride, equilibrium in the 
system, ammonium chloride, water, 
and (Clendinnen), 801. 

Iron organic componnds : — 

Ferric salts of 1:2:3: 4-benzodi- 
quinonc-1 ; 3-dioxime {Morgan and 
Mos.O, 2857. 

Iron, estimation of, iodometrically in 
presence of copj^er (Wark), 358. 

Iron pyrites. See Pyrites. 


Juts. See Corchoriis rapsularU. 

K. 

Ketones, interaction of tliiocai bam ides 
and (Tayt-or), 2267. 
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Kttonii, nn«»tarsted, r«ftotiTity of 

(Buox uDtd Hvimo}?), 1095. 

dfthio-, forou^ou ud |»oportiea of 
(Kaik and Avasaak), 2592, 


I, 


lAnti# Midi PiaH||Q|. 

JauL rBpoa^pr«a$ur« cturro of (Inooi.d)» 
2419. 


oxides, physical cbomistry or (Glam. 

STom), 53, 1456, 1469, 2091. 
maiiozid«,iM>ia6riimor (ApPLSBEVand 
Rkid), 2129. 

bydraUs of (Glasstone), 58. 
dioxide, electromotire properties of 
(Glabstons), 1469. 
eesguioxide ^Glasstonz), 1456. 
Triplnmble Mrozide (GLAeaxoNR), 
1456. 

load ecfaale eonpoonds (Qoodabd, 
Ashlit, and EvaniU 978. 
action o{ thallic chloride on (0, and 
A. E. Goddard), 260. 

Leotnei, delivered before tho Chemiril 
Bociety (Ruthirfoed), 400 ; (Oru;- 
Ohy), 760; (Bra«o), 2766. 

Light, molecoUr ifattering of, in »• 
pentane {Vinrat»jWaran\ 2655. 
Lineoedoil, oxidetion of (Cofpky), 18. 
milda, change of popertiei of, on 
drying (Barer), 568. 
adsorption of, by chercoal (Driver 
and Firth), 2409. 

mixed, eep*ration of, by diitillation 
(DcrrosJ, 306. 

tohrlcaiiOB, bonmUry, in relation to 
chemical eocstitution (Doduliday), 
2876. 

Loteoeobaltie chloride. .See Heiiim 
mmooobeltic chloride uudifr Col>t!t, 


abeorptioa ^tra oPdwilratir!*^; 
(Graham andMAoaiTH), uSg 
lUlon,! iwlTaUTM, 
quantitative reduction of 7 * 
hydriodio acid (Writ), 2196 ’ 
1^, Karwi. Sea .lor (rtniii, 
■myUu. Mtipa of ohloropicio , 1 ,. 

( BAt tud Dm), 82>. 
llm«n cUrndM. Mtioo'of ,„n 
dw^ on ( 8 t»wa«t and Wmdu." 

MerenTT prganie eomponade (Hxkrv 
and Sharp), 1055. 
mercaptide nitiitee, end their deriv 
ativeeiRlY}, 1281. 

Iferevy eathede. See (kathode 
XetalUe earbonyle (Mono and Wallis) 


Baits iMCtione of, with dimethtl- 
ditblolethylene (Moidan end L*r, 
iDmY),2&82. 

XetaU, conoeion of, influence of pro. 
tective eolloide on (Frijsd 
Vallance), 466. 

Xethyl jroapa, reactiritv of, in hetero. 
cyclii bfties (Mills and Shith), 2721. 

Xethyl-ttEnge. CuHuOaNJS. 

Keth jletassonie acid, fonnuU and con- 
etitutioD of (Lambodekb), 2588. 

XebtUty of symnnetricel UUtoiiierie trisd 
sykteme (IvnoLD and Piccorr), 2881. 

Xoleenlar weichta, determination of, in 
alcoholic eoTution by means of the 
flash point elevatiem (WamHT),22l7. 

Xolybdennsi carbonyl (Mono soil 
WalUs), 29 

Xaiearine, isolation of, from 
vtutearia (Kino), 1743. 


X. 

Xafneaisa nitrate, eqailibhum of, 
with eodiam nitrate and water anti 
magneeiom eniphate and water 
(iAcKMAS and Bkowjii), 894. 
aniphata, equilibrinm of anmonlniii 
and potaaeioro enlphatea, water, 
end (WisTOjr), 1223, 
equilibrium of magnesium uitrate, 
water, and (jAt emaH and 
Browne), 694. 

XacRetie flald, efleet of a. on eatalpii 

by ioni \Oarner and jArRMANi, 
1298. 

MnUitU aeidi, bromo*, eaten, action of 
hydraxiM on (HtaaT wd Macritu), 
90i 


I, 

Xaliu (Saha and Cboudhuby), IOB. 
Xiekal, catalytic bydrogeoatioa vitb 
(Rideal), 309. 

cbloridi*, e<|uilibiium in the ipteo, 
ammonliim chloride, water, ecd 
(Cli.sdinnen), 801. 
Xitro-eompotad^ aromatic, remfiril ^ 
halogen atoms from (MacxnB), 

mi, 

half^enated, leductien of (BraroJ' 
and hiRNKa), 675. ^ 

Hitrofen atom, etrnetare of the (Moit , 
1801. 

exidoeioft M acetylrne and |Gax>» 
and XAXerso), 1729. 
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jritroffoo# r^wtiou Utwten <s«rboD| I 
BodiozD CtfboDAU, and (Inqold 
and Wiuox), 2278. 
dioxide {nitric oxide), action of, on 
metalUe * oarbonyb (Mono and 
Wallk). 81 

Mmponadi; photoayn thesis of 
(Balt," Hhlbrok, and Hudson), 
1078. . 

Hitroprnaiio ROid, C|H|0N,Fe. 

0 . 

Obltnary notieet 
Qanesh Sakharan Agashe, 745. 

James Robert Appleyanl, 2898. 

Adrian Brown, 2899. 

William Gowland, 2907. 

Hhilippe Auguito Guye, 2909. 

Edward William Taylor Joum, 746. 
William Kellner, 2912. 

Geoige William Macdonald, 2918. 

John Spiller, 748. 

Lionel William Stansell, 2916. 

OiU^ saponification of (Nohuis and 
MoBain), 1362. 

drying, oxidation of (Coffey), 17. 
Oleie asld, G^H|iO|. 
Orcinolnlphamphthalein, CuHi^OsNS. 
OrNi genesis of, in relation to geo- 
graphical distribution (GRE(rt)Rv), 750. 
Organic •ompoondl, rotatory dispersion 
of (Lowry and Gutter), 582. 
lability of halogen atoms in (Hender- 
son and Macbeth), 692 ; (Hirst 
and Macbeth), 904, 2169 ; (Gra- 
ham and Macbeth), 1109, 2601 ; 
(Macbeth), 1116 ; (Black, Hirst, 
and Macbeth), 2527. 
preparation of bromo-denTati res of, 
without production of hydrogon 
bromide (Gufta andTeOBFE), 1896. 
estimation of thallium in (A. K. and 
D. Goddard), 488. 

Organo-metallia compoonda, pre{uration 

of (Goddard, Ashlky, and Ev ans), 
978. 

interaction of, with inorganic iialoids 
(Challenger aud Ridgway), 107. 
OYervoltage (Newberv), 7. 

Oximes, isomerism of (Brady and 
Thomas), 2098. 

W-Ozimiao-ethen (Harrow, G nipyirns, 
and Bloom), 1713. 

Oxygen, ignition of mixtures of ammonia 
and (White), 1688. 

P. 

Palladiom, properties of liydrogen 
desorbed from (Anderson), 1158. 

Palndtte aeid, 


ParaffiM, mtro-, absorption spectra of 
('-f RAH AM and Macbeth) 1109 
substitnted, reduction of, with 
Utaiiuim salts (HendersiJN and 
Macbeth), 892. 

composition of (Feancis). 
496 ; (Francis, Watkin.s, and Wal- 
li.nqton), 1529, 2804. 

PanllinU tannin, C„H,*0^. 
Pelargonenin (CuRiiXY), 322. 
Pelargonin, CVH^On- 
PelarnoBium, scarlet, colouring matter 
of the (Currey), 819. 
ci/c/c^Pentane compottndi, effect of 
attached groups on ring formation in 
(CaiNDRABENA and Inxold), 1552 
PhelUndral, CuHi,0. 
Phenanthriqulnotte eolonring matters 
(Sircar and Durr), 1944 ; (Durr), 


Phenanthrene, 

Phenols, introduction of the chloroethyl 
group into (Clemo and Perkin). 
642. 


condensation of, with hydrochlorides 
of cyanamides and carbodi-imides 
(Short and Smith), 1803. 
interaction of diazonimn salts and 
(Chattaway and Hill), 2756. 
sulphonation of (Camfbbll), 847. 

Phenols, Iniodo-, preparation of, from 
hvdroxy-acids (Krishna aud Pope), 
793. 

nitro-, metallic derivatives of (D. and 
A. E. Goddard), 54 ; (Goddard 
aud Ward), 262. 

Fhanolcampharoin, C|,H| 404 . 

Phenolsnlphamphthaiein, Ci,Hj 504 XS. 

Phenylcyanonrethane, CiqHhOjNj. 

?u-Phenylen6diaminecamphorein, 

Fhenyisnccinyleosin, C„HMO,Br 4 . 

Phloroglncinolcainphorein, CnHfiO,. 

Phloroglncinolfolphamphthalein, 

C„}fuO,NS. 

Phoiphaxinei. reactions of ( Braun - 
holtz), 300. 

PhoipLomi chlorides, action of, on 
chlorodimethyldi hydroresorcinol 

(Hinkel and Williams), 2498. 
p«R.foxide {phosphoric oxvk), purifi- 
cation of (Finch and Pkto), 692. 
treated with ozone, use of, as a 
drying agent (ifASLEv), 331. 
Hypophosphorons acid, studies on 
{ Mitchell), 1624. 

Fbosphonii organic compounds (Braun- 

HOLTZ), 300. 

Photocatalysis (Balv, Heilbron, and 
Hudson), 1078. 

Photography, new sensitiser for (Mills 
and Pore), 946. 
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Phototropy of metallic salts (Singh), 
782. 

Phyiioitt, role of the, in development 
of chemical theory (Walker), 785. 

PiororoeeUia^ 

Piporitone, 

Platlaam, propertiee of hydrogen de- 
aorbod from (Anderson), 1163, 
catalytic decom]x«ition of hydroj^en 
peroxide by (Maxted), 1760. 
salts, hydrolysis of (Archibald and 
Gale), 2849. 

Polarity, induced, of a toms (Imp worth), 
416 ; (Kermack and RoBrN.«»oN}, 427. 

Polyeyol^ eompoimdit chemistry of, In 
relation to their homocyclic unsatu- 
rated isomerides (Farmer, Ingold, 
and Thorpe), 128; {CRANDKA.<iRNA, 
Inoold, and Thorpe), 1542. 

( Polyoz juethy letto (Hamm ic k and 
Boerri), 2738. 

Polytaeehi^dei, constitution of(Ir.viNE, 
Steelr, and Shannon), 1060; (Irvinb 
and Hirst), 1585. 

PotiviBm pla tin i bromide, hydrolysis of 
(Archibald and Gale), 2849. 
iodata and iodide, action of, on 
hydroty-acids (K rishna and Pope), 
798. 

sulphate, equilibrium of alutninitini 
snlphate, water, and (Britton), 
983, 

eqailibrinm of ammonium and 
magnesium sulphates, water, and 
(Wt'iTON), 1223. 

MoPropjlitannoiiie acid, 0,H,0|Sn. 

Pyridi^aitt lalu (Barnett ana Cook), 
792, 

Pyrites, use of, as a catalyst in Fric*lel 
and Crafts' reaction (^MrriiE), 1270. 

Pyrogalloleaaiplioreiii, C'nH^Ov 

Pyrylitn lalU, synthesis of (I’katt and 
Korinson), 1577. 


4 

Ooineleamphorein, Cf,lIy,Ov 
MuQuiaoliRS-red, 

QaisotBalpliunphtlialtia, h vd n>x v 

QainoteiiBe, CmH^ 0|N,. 


B. 

BaceaUaties of optically actire acid 
amide* (McKenzie and ’Smith), 1348, 

Badii^ content of British coal (Dkakk- 
LET and Smith), S37. 

Kftdlnt'A and C, adsorption of, by 
ferric hydroiide (Cranston and 
HrrroN), 2843. 


KeMreiBolcamphorein, CuHnO.. 
Beiorolnolphenyltncoiiiein, C|,H].0 
Besoreinolralphamphtbalein, ^ 

Ci,Hi,0,NS. 

Bingi, four-raembered, additive forma. 

tioa of (Ingold and Fiogott), 2793 
Jtocceila fudformis, picroroc^llin fmni 
(Forster and Savii.lk), 816. 
Hotation, 0ptic.1l, of sugais (Maltrvi 
2608. 


Rotatory dispersion. See Dispersion 
Butheniam carbonyls (Mond and wir 


8 . 


Sahinene, Cj.Hj,. 
“Saceharln,'^C,HjO,NS. 

SalU. complex, ciysullography and 
optical projiertics ol (Knaoos), 2069 
Selenium Wrochioride, action of witii 
d-diketones (Morgan, DrrV and 
Barker), 2433. ' 

Beleninm crganic eoaponndi (Morgan 
DkeWj and Barker), 2448. ’ 

Bemie»b«lonet, action of amines on 
( W luoN, Hopper, and Cra wpord) 
866. 

thio-, reactions of (Wilson and 
Burns), 870. 

Bilioon dioxide, action of sodium chloride 
with (Clews and Thompson), 1442. 
Silver bromide, action of light on (Har- 
TUNG), 682. 

Beep lelntioiu, constitution of (McBain, 
Taylor, and Lai no), 621 ; (Fleikek 
and Tayi/>r), HOI; {XokkisI* 
2161. 

effect of electrolytes on the ennsfitu- 
lion of (Salmon), 7U ; (McBain 
and BffRNETr), 1320. 
uUm-filtration of (McBain ind 
Jenkins), 2.325. 

Sodium carbonate, equilibrium of sodiiim 
sulphate, water, ami (Dawkins) 
776. 

reaction Wtween nitrogen, carbon, 
and (Ingold and Wilson), 
2278. 

chloride, equilibrium of ammonium 
nitrate and (Prrman), 2473. 
iNluilibrinniof sodium Isiirate, water, 
and (McBaih and Bi'k.sett), 
1320. 

rcartiona of cellulose with (Mas- 
ters), 2026. 

action of silica with (Clews and 
Tii<)MP«on), 1442. 
chloride and sulphate, equilihrinrn of, 
with ammonium chloride and sul- 
phate and water (Rjvftt), 879. 
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nitiAte, equtlibnum of am- 
monium nitrate with (Eaklt and 
Lowky), 963. 

equilibrimn of magnesium nitrate, 
water, and (Jackman and 
Brownr), 694; 

aulphat<f, equilibrium of sodium carbon- 
ate, water, and (Dawkins), 776. 
Solution of aubstancea in mixtures of | 
alcohol and water (Wrioht), 2251. 
golveati, influence of, on the velocity of 
formation of quaternary ainmoDiiim 
compounds (Hawkins), 1170. 
mixed, Telocity of reaction in (Casii- 
uoKi, McCoubie, and Scar- 
borough), 243 ; (McComrie, Scak- 
borough, and Settle), 2308. 
Spectra, absorption, of bromomalouic 
derivatives and nitro[>arafliiiS 
(Graham and Macbkih), 1109. 
of halogen derivatives of cyclic 
compounds (Ghaham and Mac- 
brth), 2601. 

Stannic acid and salts. Bee under Tin. 

* Stannous oxide. See und^r Tin. 

Sueeinte acids, substituted, syntheses of 
(Higginbotham and Larwokth). 49 ; 
(LArWoRTH and McRae), 1699, 
2741. 

Sugars, optical rotation of (MAi.tiiY}, 
2608. 

Sulphamphtbalcini (Dun). 2389. 
Sulphide colouring matters, red (Wat- 
son and DuttJ, 1939, 2414. 
Sulpbiliminei (Mann and Pope), 1052. 
p-Snlphlnobensoie acid, 

Sulphonamidea, aliphatic (CLUTiKKnui k 
and (Johen), 120. 

Sulphonation of phenols (Cauiuiei.l), 
847. 

Solphonic acids, o-amiuo-, aromatic, 
condensation of isocyanir acid witl) 
(ScoTf and Cohen), 2034. 

Sulphonyl chlorides, aromatic (Siew- 
aht), 2555. 

Sulphur, action of, on cuprous chloride 
(IhNKAtio and Wariii.aw), 1300. 
Bulphuryl chloride, clilorination rl 
beniene with (BiLnERRAU). 

• 1016. 

action of, on org:inic compoumls 
(Durrans), 44. 

Sulphur dioxide, oxidising ]iiopcrtics o! 
(Wakdlaw and ri\K.\Ki>), 210. 
oxidising and reducing properties 
of (Stewart and Wajjdi.aw), 
1481/ 

tmxidb, equilibrium of cbroniium ti i- 
oxide, water, and (GilukRt, Buck- 
UY, and Masson), 19.34. 

Sulphurous acid, autoreduction of 
(Bennett), 17^4. 


Sulphur 

Sulphurous acid, action of iodine 
with (Macaulay), 552. 

Sulphites, alkali hydrogen, equilibtia 
in aqueous eolations of Baly and 
Bailey), 1813. 

Sulphuric acid, propei tiea of mixtures 
of ethyl ether, water, and 
(Pound), 941. 

action of, witli aromatic disulphides 
(Smiles and McClelland), 86. 
Sulphates, double hydrated, dissocia- 
tion [Jies8ure.9 of (Caven and Feu- 
GUson), 1406. 

Sulphur organic compounds (Mann and 
Pope), 1052. 

Sulphuric and Sulphurous acids. See 
under Sulphur. 

Sulphuryl chloride. See under Sulphur. 
Sui^ce tension, measurement of (Sug- 
den), 858. 

Systems, ayimnetrical tautomeric triad, 
mobility of (Ingold and Pigcott) 
2381. 

T. 

Tannins from Acer (jimxila (Perkin and 

UVEDA), 66. 

catechu (Xierenstein), 23. 
Tautomerism of dyads (Usrerwood), 
1604. 

intia-annular (Farmer, Ingold, and 
Thorpe), 12S. 

ring-chain (KoN, Stevenson, and 
Thorpe), 650 ; (Deshapande and 
Thorpe), 1430 ; (I.ngold, Pebren, 
and Thokpe), 1765. 

Tersconic acid, CjHijOi. 

Thallium com jmunds, studies on (Berry), 
:;94. 

clilorides, action of, on organ o- metallic 
compounds (f). and A. E. God- 
i>ard), 256, 

Thallium organic compounds (God- 
dard), 36 : (A. E. and D. Goddard), 
256, 482. 

Thallium, estimation of, in organic com- 
jxjimds (A, E. and D, (xODDAKd), 
483. 

Thapsic acid, CkHsoOj. 

Thiocarbamides, interaction of aldehydes 
or ketones with (Taylor), 2267. 
Thorium, adsorption of, by basic ferric 
iicetate (Brown), 1736. 
oxide, reduction of, by metallic tong- 
(General Electric Co.), 

2236. 

Tiu;- , , ^ 

Stannous oxide and its hydrates, pre* 
juiration and reactions of (Bvry 
and Partinoto.v), 1998.,^ 
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Tln:*- 

Btumie hydroxide, unphoterio pro> 
Pities of (CoiiiKB snd Wood), 441 . 
Itoanio iaomemm of (Collins 
A nd Wood), 441. 

action of hydroehlorio acid on 
(OoLLiNAAnd Wood), 1122. 
action of alkali hydroxides on (Col* 
UNs and Wood), 3760. 

Tin argaaie aompoondi (Coddard, Ash- 
LXY,Aud Evans), 078 ; (Darcx), 1861. 
Titanium lalta, rednotiou of uitro- 
paraffiDs with (Henderson and 
Macbbtb), 892. 

Titaanu ('hlohde, action of, on halogen 
organic compounds (Black, Hirst, 
and Macbktb). 2627. 

TriaxO'froup (Foksteh and Saville), 
2596 . 


Trapia Mid. 

Tttitfftan, reduction of thorium oxida by 
(diNERAL Electric Co.), 3236. 


U. 

Ultra-Ultration (M cBain and Jenkins), 
>326. 

Bniatuiatad eomponnclj, formation of, 
from halogenated open-chain deriv- 
atires(CHANDKA8B.VA and Ikgold), 
1806; (Ingold), 2676. 
homocyclic, cliemistry of polycyclic 
coropouDils in ralation to isomeric 
(Earner, Ingold, and Thori’Ei, 
138; (Crandrasena, I.voold, and 
Thorre), 1542. 


BnniiuU’X, adsorption of, by bade 
farrio aoebite (Brown), 1786, 


•y. 


Valency, theories of (Lapworth), 416 
(Krrmack and Robinson), 427,’ ’ 

Vapoir prewure at high temperatureB 
(l.VOOLD), 2419. ^ 

Velocity Of reaation in miied solrents 
(Cashhokr, iIcCoMBiE, and Scm> 
BOROUOH), 243 ; (McCombie, ScaiI’ 
BOROUGH, and Settle), 2308. 
Velocity of Mponifteatioii of esters 
(^MuCom bi e, Sca RBOROUOH, anil 
Settle), 2308. 


of oils and fata (XoRKtB and McBain), 
1362, ’ 


W. 


War Kcmorial. nnTeiling of, 3894. 
Water, surface tension of mixtures of 
alcohol and (Bircumshaw), 887. 
Wax, paraffin. See Paraffin wax. 


X. 

XanthoitMelHu, CjtHi,0,y,. 
Xylene oyaiole-Fi^ 



FORMULA INDEX. 


n* eUmenti kvt given in the order 0, H, 0, N, Cl, Br I F S P and 
retnaioder alphabetJcalljr. 

The oompoonde ere arrauffed— 

Firetly, in groups according to the number of carbon atoraa (thus Ci eroau 
C, group, etc.). 

Secondly, Jo the numlwr of other elemente besidw carbon contained in 

the molecule {thua 5 IV indicates that the molecule contains five carbon atoms and 
four other element). 

Thirdly, according to the nature of the elements present in the molecule friren in 
the above order), 

Fourthly, according to the number of atoms of each single element (eicent carbon) 
present in the molscale. 


Salts are placed with the compounds from which they are derived, The chlorides. 
l^Tomidea, iodides, and oyanidea of quaternary animoninm bases, however, are registered 
as gTOUp'Substincea, 


Cl Group, 

CH 4 Methane, ignition of mixtnrea of atinQs[,hericair and (Mason and AVhbeleb), 
2079; synthesis of the poiyacetic acids of (Inoold and Perren), 1414; 
(Ikgold and Niciolls), 1638. 

CS| Carbon rfwulphide, action of, with thallous /5-diketones (Morgan and Led- 
bury), 2892. 

1 II 

CHN Hydrocyanic acid, tautomerisiu of (.Usuebwood), 1604, 

CH|0t Formic acid, catalytic decomposition of, on platinum and silver (Tinoey 
and Hisshelavoco), 1668 ; alkali salts, solubility of, in water (SiDOWicn and 
Gentle), 1837. 

CH 4 O Methyl alcohol, equilibrinm in the system, water and (Tubhin and 
Glagoleva), 2813 ; purification of, by means of sodium hypochlorite 
(MKNziBa), 2787. 

COCli Carbonyl chloride, adsorption of, by beuchwood charcoal (Bunbory}, 

1 111 

CHON taoCyanio acid, condensation of, witlt aromatic o-aminosnlphonic acids 
(Scott and Cohen), 2034. 

CH,0Na Sodium inethoiide, action of, on benzophenone chloride and benzyl 
idene chloride (Mackenzie), 1695. 

CH|0N| Carbamide, estimation of, with sodium hypobromite (Werner)i 2318. 

CMiSi Dithiooarbazinic acid, salts, dcconi].> 0 !itioii of (Lqsanitch), 2642. 

CH,NC 1 Methylammooinmchl oride, action of dicyanodwmide with (Wsrner 
and Beu), 1700. 

C0|NC1| Chloropicrin, action of, with mercaptaus (Ray and Das), 323, 

C, Group. 

C,H, Acetylene, explosion of nitrogen and (GARNSRand Matsuno), 1729. 

C|H| Ethylene, catalytic hydrogenation of, with nickel (11 idb.al), 309. 
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2 11 

C2H«0< Oxalic acid, lead diphenyl salt {GoDt>AiU), Ashley, and Evaks), 981 
C,HA Acetic acid, alkali salts, aolubilityof, in water (S idowick and'GKNTiKi 
1837 ; basic ferric salt, adsorption of radioactive substancea by '{Brown),* nVe’ 
C 3 H 4 K« Dicyanodiamide, action of, with methyl- and dimethyl-ammaitint. 

chlorides (Werner and Bill), 1790. * . 

C|H|St Ethylene mercaptan, reaction of, with mercurio nitrite and 
iodide (Rat), 1282. 

C,H,I Ethyl iodide, reactions of, with triethyleno tetrasulphide aud with 
ethylene mercaptide nitrite (HJIy), 1282. ‘ 

C|H«0 Ethyl alcohol, solubility of substances in mixtures of water an] 
(Wright), 2251 ; surface tension of mixtures of water and (Hircumshaw) 

CjHjNj^Methylguanidine, prei^ration of, and its salts (Weknkk and Bell) 

CtOiRu Ruthenium carbonyl (Mond aud Wallis), 30. 

2 III 

CsHOjCU Trichloroacetic acid, lead diphenyl salt (Goddard, Ashley, and 
Eyans), 981. 

CjH|C 1|A5 A-Chlorovinyldichloroarsine (Mann and Pope), 1754 
C,H,NA 2:5.DithioM ;3:4-thiodiazole (Losanitcbj, 2544. 

C^HtClS d-Chlorosthyl mercaptan (Bennett), 2146, 

C]H«0S Thioethyleueglycol, aud its metallic raercaptides (Brnneit) 2139 
CaHaNaS, Dithiocarbaziuic t bio anhydride (Losaniti'h) 2543 
C,H;0T1 Thai! i mu dimethyl hydroxide, salts of (Goddard), 37, 

C|H«NC1 Diraethylainnionium chloride, action of dicyanodiamide with 
^Werner and Bkll), 1790. 

2 IV 

C,HtONBr, TribromoacHamide (Gupta and Thorpe), 1900. 

CiHfOtClAs 3-Chlorovtiiylarsinic oxide (Mann and Pope), 1755. 
CtHiClSAs A-Chloroviuy larscDiouB aulphide (Mann and Pope), 1756 . 
CiH^iClAs ^-Ghlorovinylarsiiiic acid, and its ammonium salt (Maw and 
Pope), 1756. 

C,B>0,C1$ /B-Ghloropthaneiul phonic acid, lead salt (Mann and Pope), 600 . 
C,H,0«N.Co Di amniino<iiuitroMnalatocobaItic acid, salt®, crv.vtalli)- 
graphy, and optical prui>eities of (Knao(;8), 2069. 

C, Group. 

C,H,0 Acraldehyde, interaction of aniline and (Mann), 2178. 

CiHiO Acetone, constitution of sugar derivatives of (Irvine and FAmr.sox), 

2146. 

Ally! alcohol, ronversiou of, into glyceryl bromo- and cliloro-liydiins (Read 
• nd HcwT), 989. 

C.H.O. Propionic acid, lead diphenvl salt (Goddard, Ashley, and Evans), 
981. 

C,H*0, *^Triox y m e t h y 1e ne, pre]«ration of(HAMMUK and Bof.rke), 2/3$. 
C,HA Glyc erol, si]uihbriujn in the system, water and (Push in and Glaijo- 
* leva). 2818. 

CsHsN Trim ethylamine, hydroferrocyanide of (CVMMlNu), 1297. 

CsH^s S^-Di methy Iguan idine, pre{wnUou of, and its sails (ItERNEH awfl 
Bell), 1790. 
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3111-4111 


3 III 

CjHuKiBPi Dibroraoglyoxalines, and their hydrochlorideg (Balaban and 

PtMA»), 9&3. 

CjHjOjNa FalTninic acid, mercnrie salt, velocity of ileconijwaition of (Fabmkb), 
174. 

C,H,N|BP .4-»romoglyoxaiiiie, and its salts (Halaban and Byman), 951. 
C»fliOCl 2 Glvc«i;yl ^-dichlorohydrin, [^reparation of, from allyl alcohol 
(RsADandHuBST). 999. 

alLOBro Glyceryl i9.dibromohydriti, p reparation of, from allyl alcohol 
(Rsad and Hubst), 995. 

C.HiOsN Urethane, equilibrinrn in the system, m dinitrobetizene and (PusHiN 
and Fioly^tova), 2822. 

C^HtOXI Glyceryl )3-m n n o c h I or o h y d r i n, preparation of, from allyl alcohol 

* (Reap and HUR8T), 998. 

CHXiBP Glyceryl ^ononobromohydrin, preparation of, from allyl alcohol 
’ (Rbap and Huimr), 989. 

C HiBPjSn Yin twpropyl tribromide (Dkuce), 1361, 

CiHgOiSn wo-PropyUtannonic acid, and its salts (Dbi’ce), 1859, 

C|0tNCO Cobalt nitroso tricar bony I (MoNDand Walus), 34. 

3 IV 

CH0iM*BP» 2:4-Dibromo-5-nitroglyoxaUne {Balabas and Pymas), 958, 
^H|0|NiBr 4'Bromo*5-nitrogly ox aline (Bala ban and Ptman), 952, 
CjHjONiBp Bromocyanoacetamide (GrPiA), 1902. 

C H(0|CI|3 ^yDichloropropanesulpbonic acid, salts of (Pope and Smith), 
1169. 

CH O 4 N 1 S 1 ««y-Propanedi 8 alphonyIdihydra 2 ide (Cluttkrbi'CK and 

* Comen), 128. 

3 V 

CHiO|N|BpS d-Bromoglyoxaline-S-aulphonio aLid, and its barium salt 
(BALABASattd Pyman), 954. 


C4 Group. 

CiH|0| l-HydroiyeycZoptopane-l-carboxylic acid (Ingold, Sako, and 

Thobpe), 1197» 

C|HA I-Malic acid, activation of nceinic acid by (McKenzie and Walkeb), 
349. 

C|H»0| Racemic acid, optical activation of, by /-malic acid (McKenzie and 
Walker), 349. 

CiH,S Divinyl sulphide, synthesis of (B.ii.Esand XickblsonI, 2137. 

C,H*0 Methyl ethyl ketone, condensation of, in proseoce of calcium carbide 

(Becker and Thorpe), 1303. 

CgHwO Ethyl ether, properties of mixtures of sulphuric acid, water, and (Pound), 
941. 

CgHioO^ Erythritol, equilibrium in the system, water and (PrsacN and 
Guooleva), 2820 . 

CgHioSj Dimethyldithiolethyleue, reactions of metallic salts with (Mokoan 
and liEDBURY), 2882. 

C,HaN, ^/-AUnine.y-methyUmidiae. salts of (Pyman), 2623. 

4 III 

CMS, ta-ThioMiM-thiodiazolyl sulphide (Losamtch), 2544. 

C^BjNgSi 2-ThioM:3:4*tbioJiazolyI disulphide (L osanitch), 2545. 
CiHiNA 2.TluoM:3r4-t!iiodia2olyl polysulphide (Losasitch)^, 2545 
CXXI. ^ ^ 



4III-BIU 


FORMULA INDEX, 


CiHtONt l*Aminocj«^opropane-l-o*rboxyUaiide, and iU hydrochloride 
^Ikgou), Sako, ud Thobfk), lldB. 

C4H4N8Brt 4:5-Dibroino*2-methylglyoxaline, and its salts (Light dmi 
j^MAN), 2627. • ^ 

C4H4CI1AS 3/8'-DichlorodivinylcIiloro arsine (Mann ^d Popb), 1754. 

CiHtKiBr 4'BroniO'2*mflthylglyozalinfl, and its salts (Light and P¥niv\ 
262S, . 

CiHAN l-Aminotryc/opropane-Lcarboxylio acid, hydrochloride of ^IwftnT^ 
Sako, audlHOKPH), 1196. ' ' 

CiHtClsS 0d'-Dichlorodiethyl sulphide, preparation and reactions of [Ma.w 

and Pofh), 594 ; hydrolysis of, and its non-reitcant iaomeride (Balca qVj 
Nickklson), 2137. 

C^HkN^S Ac stonetbiosemicarbazoue, silver and sodium salts (Wilson and 
filTKNS), 878. 

C«HaOTl Th allium diethyl hydroxide, salts of (Goppahd), 37. 

4 IV 

G(HiOtN|Brt 2:5 Dibromoglyox8line*4-carboxylic acid (Baubak and 
Pyman), 956. ^ “ 

C4H4O1NCI Succiuchloroimide, preparation of (Hirst and MArsET!)), 2174 

CiHaOtNtBr 4-B romo-5nitro-2-me thy Iglyox aline (Light and PymavI 
2629. ^ 

CtHtOaCliAs /Sd'-Dichlorodi v'inylarsinic acid (Mann and Pope), 1758. 

C4H4OCI4S a^3j9'-Tet rich loro diethyl sulphoxide (ilASN and Popk), 603. 

CiHTOClaS ttjSd'-Trichl orodielhyl sulphoxids (Mann and Popk) 603 

C4H:,0N,S Thiocarbamide-acatone, picrate of (Taylor), 2271. 

4 V 

CiHaOiNiBrS 4-Bromo-2-met hylgly oxal ine*5-5ulphon ic acid (+HOi 
(Light and Pyman), 2629. “ 

CiHjiOiNiBrSCo c/rf-Snlphitodiethyleiiediaminccobaltic bromid# 

(+H,0)(DcrT), 452. 

C4HttO|K4BrS4Co rw-Thiosulphatodietbylcnediaminecobsltic brom- 
ide {+SH,0 ) (Di'KP), 453. 

CaHiaOiNiBrSCo n'j-Sulpbstodisthylenediaminecobaltic bromide 

(+H»0) (Duxf), 452. 


C» Group. 

C3]t n-Pentane, molecular scattering of light in (Vinkatiswaran), 2655. 

6 11 

CiHiN Pyridine, hydrofcnrocyaoide of, and its separation from quinoline 
(CtJMMIVo), 1297; tJO{iropyUtannic salts of (Druck), 1661. 

(Wf» DimethylglYoxaiines, orientation of (Ptkan), 2616. 

CaHiNk Amioodimethylglyoxalinea, and thetr salts (Ptuan), 2625. 
CfHuO, V alorie acid, lead diphenyl salt (CfODDAKD, Asbuy, and Etakc), 
981. 


C|H|aO| Xylosa, methylation of (Cahrctbbim arid Hikst), 2299. 

CAFe Iron pentaearbouyl (Mono uid Wallis), 80. 

6 m 

CiHaOiNt S-eyefoPropanespifobydaDtoia (Inoold, Saxo, and iHom), 


CH 4 O 1 CI 1 Ms thy I dich loromalonats, preparation M (Hirst and Macbeth), 

2177. 

CiBfOtK Bthfl ay snosoetate, condensation of, with ethyl mucoDstslFAMH). 

2015. 
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6 in-6 II 


C^HjOiHf Nitrodltoethylglyoxalinei (Pyman), 2622 . 

C|H}0|Nt Mfiltrosocarbamidoci/ciopropane.I.carboxylic acid (Inoold, 

Saxo, and XHOltrE). llyo, ' • ’ 


CAO4CI Methyl chloromalonate, prei>aration of {Hinsr ami Macbeth) 
2177.^ ^ . 

8 AK 0 ,and 

CjHiiKCl I'Cbloro piperidine, preparatipii of {Hikst aud Macbeth), 2173. 
C*H«0,K MethylaminodinjethyUcetal (Kehmack, PEiaiy, and Kobiv- 
SON), 1M6. 

6 IV 


CjH^NiFe^Nitropruasie acid, carhazoU-3-diaiomum aalta of (Mobgan and 

CiH*0,N»Bra Broino^5-cyc7opropaneaptrohydautoiii (lyooLD, Sako, and 
Thobpe), llSl. 

CiHiO»ClTe TeHurioni c hloroacety lace tone (Moj:oa.v and Drew), 936 . 
CiH|O,CUT0 Tellurium chloroaeetylacetone dichloride (Mobgan and 

Dbkw), »35. 

C.ILOiNtBFi cycZoPropane-l:l*dicarboiylbromoainide (Ixgold, Sako, 
and Thokpe), 1190. 

CtH|0|N|Cl| Dichloromalondime thy] amide (West), 2202. 

CjHiOiNtBri Dimethylnialonbromoamide (Ingold, Sako, and Thobpe), 
1192. 

CiHu 04 N 4 St ofPgutauedisii I phonyldihydiazi do (Cluttebbuck aud 
Cohsh), 128. 

5 V 


C|H|OtN|ClBP Chi orobroinomaloodi rneth ylim ide (IVm), 2202. 


C, Group. 

C|H| Beuzene, conititution of (Fbaseb), 1S8 ; variation of the refractive index 
and density of, with temperature (Pabkrr aud Thompson), 1341; action of 
benzyl chloride and, in pretence of iroi{ pyrites (Smtthe), 1276 ; clilorination 
of, with lulphufj’l chloride (Sf lee brad), foi5. 

6 n 

C1H4O Phenol, mecUaniim of the bromination of (Baines), 2810. 

C(H«0| Reiorcinol, condensation of cinnamic acid with (Shost and Smith), 
1808. 

CiH^Oi «*3-MathyIcycfopropane-l;2-dicarboiy]ic anhydride (Ikgold), 

2687. 

CiHiOi Muconicacid, conititution of (Chandkasena and Ingold), 1306. 

l*.2:4;5'Tetrahydroxy benzene, colouring matteri from (Mukeeji), 546. 
C,HiN Aniline, interaction of HCraldehyde and (Mann), 2178 ; Lydroferrocyanlde 
of (Cuuhing), 1293. 

C|Ht04 o‘Hydroxy')?-in«thy]giutaric lactone, and its salts (Ingold), 2688, 
S.Methylcy(*prQpane-L2-<licAT boxy lie acida, and their salts (Ingold), 

2687. 

C,H,0* aa-Dihy droxy*A‘m« thy Iglutarit lac ton ei(lNOOLD), 2691. 
3*M*thyl^^propan.l.ol-l;2-dicarboxylic acid, and its silver salt (iN* 
GOLD), 2698. 

LietonU acid of butane-ry-dioI.aA'dicarboxylio acid, aud its sxlter 
»lt (Incold), 2696. 

0iH,0, Prop.u..ntiic*rl'Ojylic .cid (UicKJixs, Ko.v, and Iboepi), 
1502. 
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FORMULA INDEX. 


C.H,N, Phenylenediainiue, hjdroferrocjanidei of (pUMMiNO), \29t, 

CaHfO^ a-Hydrozy-^-m ethyl ((Intaric acid, and ite salts (Inoolu), 2667, 
C«HioOs Methylitamalic acid, and its barium salt (Inoou>), 2689. 

C#HhO, aa'-Dibydroiy-jS-methylglutario acids, and their Ailta (Ikgoid) 
2691. . *i 

Butane-ay-diol-ojJ-dicarboxyUc acid, aud its salts (Inoold), 26M, 

C|HiiO| Aceritol (Perkin and Uykma), 70. 

CgHttOi Fructose, constitution aud rotation of compounds of, with boric acid 
and sodium hydroxide (Gilmoitr), 1333. 

Fructose and Glucose, constitution of acetone derivatives of (Irvine and 
Pattriison), 2146. 

Triethylene trisiitphide, and its reactions with mercuric salts with 
ethyl iodide, and with platimc chloride (HAt), 1279. ’ 

Triethylene tetrasulphide, and its reactions with mercuric salts 
ami with ethyl iodide (Kay), 1279. 

C|HiiO] Pinacone, equilibrium in the system, water and(Pr 8 niN and Glago- 
leva), 2816. 

C|HuO| Mannitol, constitution aud rotation of compounds of, with boric acid 
and sodium hydroxide (Gi^LllOVii). 1333. ^ 

6 in 

C«H|0;N| Picric acid, cobaltamroina salts of (Moroan and King), 1725, 
CfHjOjjAl Alumiiiioialic acid, poUssium salt, crystallography and optical 
proi»erties of {Knaqg.s), 2072. 

CcH|OiiCp Chromioxalic acid, potassium salt, autoracemisation of (Rideal 
and Thomas), 196. 

C,HA»Fe Fe rrioxatic acid, potassium salt {-f- 3H|Oi, ciystallography and 
optical properties of (Knagcs), 2070. 

C,HAN. l:2:3:4-Henzodiquinou e-l:3-diox irae, cobaltammine and ferric salts 
oftMoBOAK and Moss), 2S.'')7. 

m-Dinilrobenzene, equilibrium in the system, urethane and (Pushin aud 
Fioletova), 2322. 

CsHANs 3:5-Dinitropheiiol, solubility smi volatility of (SiixavicK aud 
Tayloh), 1853, 

CsH^OCl Chlorophenola, solubility nf (Si ix; wick and Ti'Knkb), 2256, 
C*H, 04 Br -B romomuconic acid (Cbandrasena and I.vgoi.d), 1317. 
C.H*0»Br a.B romo-y 8 -rli hydroxy* A^-dihydromuconic lactone (C handra- 
SENA and Ingold), 1316. 

CsH^NaCl Beuzen ediazonium chloride interaction of bismuth trichloride 
and (Challenger and Wilkinson), 102. 

C«H,OS m-Uvdroxyphenyl mercaptan (Watson and Dctt), 2415, 
CaHAN. 2:3:5:6*Tetrak eto-lM-dimethylpiperazine (Forsteu and 
Saville), 824. 

CAK 4 S* 2'Thir>l-I:3;4-thiodjaj:olyl sulphide dimethyl ether (Losa* 
NtrcH), 2544. 

C 4 H 4 CI 1 AS jM'j9^'*Trichlorotrivinvl arsine, and its salts 'Mann and Pore , 
1754. 

CfHA^a p*Nitrophenylbydrazine, pnparation of (Davies), "I.V 
CiHrOiCI ChloTO^'dimelhyUuocinio hydroxyanhydride (Farmef, 
Ingold, and Thorpe), 158. 

C 4 HTO 4 BP l-Bromo-S-methyle^cfopropane-liZ-dicarboxylic acid, and its 
silver salt (I ngold), 2692. 

CiHiOiBr •-Bromo.yhydroxy A»dil<ydromaconic acid (CHANi^nAfiSNA 
at^ Ingolp), 1318. 
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6 in-6IV 


C,H,0»N, «J^‘^Biit»ii«#pt>r,hydantoiii(bQoiD, Sako, ftndTHORPB) 1392 

C,H,0»Te Tellurium 3-Biethylac8tyUaetone(Mo(iOAK a., dDBW' 932 

C»HiO»Bri ‘W^-Dibromo-S-inethylglutaric aciddsGOLD) 2885 ’ ' 

C,HwO,N,^t1A^<»Butane-ia-dicarboxyl«mide (Ingold, Sako, and Thobpb), 

CiHioCiiS ^^V'Tetrauhlorodipropyl sulphide (Pope nnd SymiUies 

CaHwCUS, 00V-TetrachIorodipropyl disulphide (Popb and Wh), 


(RHNDA1.L and 


C,H,»0*Sni Triformyl derivative of methylstannonie acid {Um- 
bocbsy), 2639. 

CtHiiOiK GlucosAmitia, mutarotation of, and preparation of its hydrochloride 
(IBVINS and Earl), 2370. ^ 

C,HmN,S Substance, from ethyl chlorofc^rmate and sodium acetonethiosemi- 
carbttzoue (Witiiox and fluuss), 87 C. 


CfEuDSn Tin ditiopropyl oxide (Diute), I 86 L 
CiHuClfiSn Ti n d i i>n p ro ji y 1 d i c h 1 0 r i d e (Dui'Ce), 1862. 

C,HuBr|Sn Tin diwprojiyl dilu'omidc (Duuce), 1883. 

CiHiAN Glucamiiie. |m>duction of /Ljxg and Nanji), 1686. 

C|HuO|K Glucoae-ammouia, crystalline (Lixo and Xaxji), 1682. 

CjHuSl TricthylauIpKonium bromide, absorption si»ectra of, in vamns 
aotvenU (TAYix>Rand Lewis), 665. 


6 1V 


CiH)0tC!|S 2;5-Dichlornhenzeiiesulphonvl chloride {Stewart), 2557. 
C,H,0,HAg silver nitrophenox ides iOoriDAnu and Waug), 264. 
C.H|0,KCs Oaoeium nitrophencxides (D. and A. £, Goddard), 58. 
C.a»0,NK Potassium nitrojihenoxidcs (D, and A. E, Ooddari>)> 
C,H. 0,NU Lithium nitrophenoxides (D. anl A. E. GoDDAnn), 56. 
CiHiOiNNa Sodium nitrophenoxidea (I), and A, E, Goddard), 56. 
CiHiOiNRb Rubidium nitroplienoxides (D. and A. E.Ooduahd), 56, 
CfBiOiRfS Diuitroaothifllresorcinol (Watsox and LnT'i, 1943. 
CiHiOrNiPbi Lead 2:4'dinilropliett{>xide (Ov)Ddard and Ward), 266. 
C|HiClBr|Bi jJ-Chl or ophenyld ibro molt iamu thine {Challenger and 
Ridgway), UO, 

C|H(0«NPb| Lead V and p-nitrophenoxides (Goddard and Ward), 264. 
C(HiOClftAs 8i9'3"'TrichiorotfiTinyl arsenic oxide, and its nitrate (il an n 
and Pop*), 1767. 

C,H,0|K>Bri Ethyl 2:5uUbromnglYoxalinc.4-carbcixylatc iBALABAX and 
Pyman), 955, 

C«H(0|NS 2-AininopheQol-4-sulphonicicid, cobalUmmine salt of (Morgan 
and 6(033), 286$. 

CiHiOiClBr Methyl 7*chloro-8'braino-A4d bydtomuconate (CjundrA' 
BKNA and (ngold), ISIS. 

C,H,0»N,S yNitroanilinc-o-sulphonic acid, salts of (Scott and Cohen), 
2038. 

C*H,Cl,Br|AS /Sj5'/J"-TrichloroUivinylar3i3ie dibromide (Makk and 

PoPR), 1757. 

Cyai)o-3*»eUnium aoetyl acetone \Morg,an, Drew, and 
Barker), 2447. 

C|H,0.NMg, Magnesium wu itrophenoxide (Goddard and WabjP, 264. 
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FORMULA INDEX* 


CiHrOiNPb, Load jj-nitrophenoxide (GoDPARn and Ward), 265; 

CiHtOiNiSj p.Nitroph«nylhydrazinedi»ulphoiiioacid, ammonium wit 
XDavies), 720. 

C|H|0|N|BP| oycZoButane-Ll-dicarboxylbromoamido {iNaoLP, Sako, and 
Thorpk), 1191. 

C«H|0tC]|Te Tellurium 3-methylacetylacetona aichloyide (Mobgan 
and Drew), 951. 

C,H»0,BP|Te Tellurium 3-raethylacetyl acetone dibromide (Moroak 
aud Drew), 932. 

C,H,0,I|Te Tellurium S-methylacetylacetoue di-iodide (Morgan and 
Drew), 932. 

C,H.ON,S S ubetance, from /-raenthyl cbloroacetate and aodium aoetoncthio- 
semicarbarone (Wilson and Burns), 875. 

6 V 

CfHfOiNBrS p-BTOinoaTiiUneH>-snlphonifl aoid, sal ti of (Scott and Con ss) 
2044. 


C7 Group. 

C^H, Toluene, nitration of (Gibson, Duokham, and Fairbaibn), 270. 

7 II 

C:H|Ot Benzoic acid, alkali ulu, aolubility of, in water (Sidowicr and 
Kwbasr), 1844. 

C 7 H 1 O] Hydroxybenzoic acids, alkali aalta, solubility of, in water (Sidgwick 
and Ewbank), 1844. 

Salicylic acid, cobalummine salt of (Moroan and Smith), 2874. 

C^HaCIi Ben zylideno chloride, action of aodium roe th oxide and ita homologues 
on ( Mack IN z IB), 1695. 

C 7 HTCI Benzyl chloride, action of benzene and* in presence of iron pyrites 
(Smtthe), 1276. 

C 7 H 1 O iAoButyleue-arr' tri carboxylic acid (Inoolp and NicKoru), 1644. 
Cresols, reciprocal polarity effect* iu, and iu their derivatives (Lapworth and 
Shoksmith), 1891. 

CtH^N Benzylamitie, hydroferrocyanide of (CrMMiwo), 1294. 
Methylaniline, hydroferrocyanide of (Cummino), 1296. 

Toluidines, hydroferrocyanide* of, and their separation (Cdmmino), 1293, 
CjHi.O* 5:5-Dimethyl-A>n/riopenteD l*ol-3-ona (Farmer, Inooiu, ind 
Thorpe), 156. , 

C,B |»04 Teraconic acid, preparation of (Farmer, Inoolp, and Thorpe), 150. 

C,HiaO( 1-Methoxy 3 methylcT^/opropane*1;2 dicarboiylicacid(lNGOi»i. 

2694. 

C,Hi|0, Metbanetriacetic acid, preparation of, and iU eaters (Ingolr and 
Fkkrev). 1414. 

C,H„N, 2:4-Tolylei»ediamine. hydroferrocyanide of (CUMMISO), 1295. 
C.HuO* Ethyl malonate. condensation of, with ethyl muconate (FiRRini, 
2015. 

C,H|*0. r^ethylfructoside (Menzim). 2238. 

7 III 

€fH 40 sSe 2-Dithiobenxoyl (SMiLuand McClelland), 89. 

CjHjOCl Benzoyl chloride, ehloriiiatioa of (Hope and Ru.kt), 

CfHtOtl lodo-m hydroxybenzaldehyde (IUnky and S habp), 1059, 
C 7 H 40 .K Xilrobenxaldehydes, eolnbility and volatility of (Sidouick an 

Da*<«>, 2586. 
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7111^7 IV 

C^H.OiN* P'Nitrobem^ic acid, lead dinhenvl 

Evakb), m. uipneayi salt (Goddard, Ashlsx. and 

CyHfOtS jJ'Thiolbenzoic acid (Smilp..s and HakkisonI 2 Mi 
CrHaOiS 6-Thiol salicylic acid (Stewart), 2560 

CrHAS i>-S«^phi»obeiizoic acid (Smiles and HarrisonI 909. 

CrHaOjS S-Sulphinosalicylicscid (Stewart), 2559, ’ 

C7Hc04H^f ^ y iiDc rc u ri-4-h vdro T V Ro r. ij i_ » 

and Sharp), ' 1058. "^y^roiybenzaldehyde (Henry 

SiS-DihydToxydiraercurisalicylaldBhvdfl rHpvpv « ? c< 

CAONa Sodium bouzyloxido, reactivity of alkyl iodide;wUh'(H«woot,), 

C,HAN Anthranilic acid, cobaltous salt (MoROi^^aud Moss) 2a(ia 

m-Nitrotoluene, nitration of (Brady), 328. ' ' 

C,H 70 ,N. HitrobenzyUmines, preparation of (Inoold and PiororrVORfii 
CrBrOiN, Dinitrotoluidines (Brady, Day, and Row) 526- i 

Robinson), 844. ’ (Scott and 

CjHyKCIi 2:6.Dichloro.;?.toluidine, and its hydrochloride (Davies) 813 

C7H7NtCl ;p-ToIuen«diazonium cb loride, interaction of bismuth a 

(Challenger and Wilkinson), 103 . sjouth chlonde and 

CrHiOaN. 2 :fl-Dihydroiypyridine. 4 -acetamide (Ixooii, and Nickolus), 

liylrochlorMe (Bup.tos and Kessee), 

C7H|0N o-Anisidine, hydrofcrrocyanide of (Ccmming), 1295. 

C7H»OtN| ?n-Nitro-;>-tolylhydrBzine, preparation of (Davies), 720. 

C 7 H» 0 ,Cjl Chloro.6:5.dimethyl-Ai-n/r/openten-l.ol-3-onea (Farmer. Inoold 

and Thorpe), 156. ’ 

C7H74O1T6 Tellurium 3-ethylacetylacetone (Morgan and Drew), 933. 
C7H10O4CI1 Ethyl dichloromalonate, preparation of (Macbeih), 1120. 
C7H,i 0,N Ethyl <yctepropanL-l-carboxyUmide-l-carboxylate Hngold 
Sako, and Thorpe), 1189. ’ 

CtHjiOjCI Ethyl chloromaloriate, preparation of (Macbeth), 1120. 

CiHiiOjNj i#oN itrosomalond ime th V lam id e ethvl ether (Rendall and 
Whiteley), 2117. 


7 IV 

C7H40«N4C1| 2;6-DichIoro-3;4:5-trinitrotoluene (Davies), 814. 

CrH40«CUHg, 3:5- Dichlorod i mercuri-4*hy droxy benzaidehyde {Henry 
and Shakr), 1058. 

3:5.Diclilorodiiiiercurisalic ylaldehyde (Henry and Sharp), 1057. 

C;H404N|C1| 8t6-Dicb 1 or 0-3:4 di nit to toluene (Davies), 812. 

C;H|0NCL,j Benzenedichloroamide (E[.Lion\ 203. 

C;H|0,NCU Dichloronitrotolnenes (Davies), 812. 

C,H,0,NS “Saccharin,” colouring matters from (Derr), 2389. 

C1H1O4CIS ;>-Chloro3uIpho nylbenzoic acid (Smiles and Harrison), 2023. 

C7H1O1CIS S-Chloroaulphonylsalicylic acid (Stewart), 2559. 

C7H40NC1 Benianechlorotniide, preparation and reactions of (Elliott), 203, 

C7H.0,N^U 2;6*D i c h 1 0 r o-S-n i 1 1 o*p-t 0 1 u i d i n e, and its hydrochloride 

(Davie^, 814. 

C,H70,NS S-Nitro-n-cresol-S-sulphonic acid, metallic salts (Davies), 791, 

C,H,0,NA Phenylcarbanude-2:4 disulphonic acid, potassium salt (S<;ott 
and-CoHEN), 2043. 

C7H1O4N1S o-Carbam id obenzcnesul phonic acid (-f H,0), and its salts, 
(Scott and Cohen), 2042. 
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C 7 H 1 O 1 NS p-Toluidine*w«^al phonic acid, aaliBD^coTT and Coiie\), 2038. 

GiHtOiNtS tn-Nitro-p-tolylhydraxinesulphonio Icid, amniomum salt 
(Davies), 720. 

C,H,aiAs chlorotriTinylmcthylarBODium iodida (Mann and 

I'OPK), 1768. 

C^HiiOjCliXe Tellurium 3-ethylacetylacetone diohloride (Morgan and 
DBBW), 932. 

CrHiaOtBPiTe Tellurium S-ethylacety lace tone dibromide, {Morgan 
and Drew), 934. 

CrHuOfltTe Tellurium 3-ethylacetylacetone di-iodide (Morgan and 
Drew), 9S4. 

CrHuOaNiBri Diethylraalonbromoamide (Inooid, Sako, and Thoiu'e^ 
1192. 

CrHi^OaNtCO Sal icylatotetramminocobaltic hydroxide, salts of 
(Morgan and Suiih), 1956. 

7 V 

C,HANC1,S 6-ChIoro-5-nitro-m-toluene8al phony 1 chloride (Davies; 
789. 

C:H: 04 N|BrS p-Bromoph enylcarbti mid B*o* 8 ul phonic acid, and its salts 
(Scott and Cohin), 2047. 

C;HANC1S 6-Chloro-5.uitro-w-tolueuesul phonic acid, mt*ta]Hc aalij 
(Davies), 789. 

C 7 H«OsNtS|Hgi Substance, from p-chlorophenylthiocarbamide and mercuric 
nitrile (Kay and Das), 327. 

C:H 704 N,C 1 S d-Ghloro-S-nitro-m-toluenesuIphonamide (Davies), 788 . 

CrHitOiNtC^lBr Chlorobronionialonrtieth ylamide (West), 2201, 

C, Group. 

C|H|0| Aldehydobenroicacids, aolttbilily of (SiWJWit’K and Tcunkk), 2256. 
Phthalaldehydic acids, preparation of (Davies, Perris, and Ci.aytos), 
2214. 

CtH^Cl Chlorostyrene (For.steh and Savii.i.e), 2600. 

C|Hf 04 5;5-Di me t by elite ne-3:4-dionc-l -carboxylic acid 

(Fabjikr, Inoold, and Thorpe), 148. 

C»Ht 0 | A D h y d f o-«a-d imethylaconitic acid( F armer, J scold, and T koiii-e} 
149. 

A»-Bntenft-o8*dicarboiylic-iS*acetic anhydride (Farmer), 2019. 

C,Hi #04 A«’Butene-«8 dicarboiylic-3-acetic acids, and their silver salts 
(Farmer), 2019. 

oa-Dimethvlaranitic acid (Farmer, Inoold, and Thorpe), 149. 

C,H„K Dimelhylaniline, hydroferrocyaiiide of (C'cmmino), 1287. 
a-Phenylethy lamiue, bydroferrocyanide of (Ci'MMINc), 1294. 
p-Xylidine, hydroferrocyanide of (Cumminc), 1294. 

CiHi|0| l-Methyl-lethy]cyr/.jpentaiie-3:4-dione (DirKE.ss, Kos, and 
Thorpe), 1503. 

CfHiiOi a^'Diniethyl tricar ba Hylic acid (Hope and Sheldos), 2230. 

C|H|tN| DiniethyI-/)-phenyl«nediaiaina, hydruferrocyanide of (Cimmisg), 
1296. 

CiHmO# Ethyl tartrate, preparation and properties of (Lowry and Ci’TTER\ 

, 632; ifreen coloration of (Pattebsos), 1042. 

CiHuOy DimethyUaceharic acid, lead salt (Irvine and Hirst), 1223. 

CpHuO* Dimethyl-v^ructoie (Irvine, Steele, and Shannon), 1074. 
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C»H|iO MethyLn-hexylcarbiaol, resolution of (Kenyoh) 2'540 

C.tt^n Tin tetraethyl, action of thaliic chloride on (D. and a! E. Gonnano), 

8 III 

C*HtOCl4 «'Trichlorotolnoyl chlorides {Davies and Pprkin\ 9919 
C,HjOCl, «-pichloYotoIuoyl chlorides (Davies and PERKiNl wif’ 
CgH,0,Cl ChIorocoumar8n.2-ones (Minton and Stephen) 1602 
CgHiOiCl*' w-Tnchlorotoluic acids (Davies and Perkin},' 2213 
CgHfOBri fl»-Bromo-t)-toluoyl bromide (Davies and Perkin) 2207 
CgHiOtClt "-I^ichlorotoluic acids (Davies and Perkin), 2211 
CiHrOgClj 2:2:4-TrichloTo-5:5-dimethyldicy(??onfcntan-3-onp-i v 

aMd (FaemePs Ixoold, and Thokpei/iss. ^ one-l-carboxyhc 

CgHjOaN y-Methoxybenzoic acid (Froelicher and Cohen), 1656 
Nitrophenoiyacetic acids, preparation of {Minton and Stephen) 1592 
CgHfOCli Chlorostyrcne chlorohy drin (Forstek and Saville) 2GOO 
CgHgOgCU 2:4-Dichloro.5i5.dimetbylf/icyc/open 

acid (Farmer, Ixoold, and Thorpe), 155. I'-iiDoxyiic 

CgH,0,Br, 2;4-Dibronio-5:5.dimetl!yl(//c?/c/opentan-3-onc-l-carboxvlic 

acid (Farmer, Inooi.o, and Thorpe), 153. carooxyuc 

CgHgOjS S Methylthiolsalicylic acid (Stewart), 2560. 

CgH|OgN| Nitmplieiioxyapeta 111 ides (Minton and Stephen), 1593 
CgHgON, Diace ty lace tone semicarbazo ne (Collie and Reilly), 1985. 

CgHgOBr Methoxvbenzyl bromides, isomeric, preparation and properties of 
(LapwortH and Shoe-smith), 1391, properties oi 

preparation and racemisation of (McKenzie and 
(Braoy and McHugh) 

lo52. 


CgHgOgN 4-Amino-2-methoxybenzoic acid (Froelicher and Cohen), 1656. 
w-Aminophenoxyacetic acid (Minton and Stephen), 1597. 

Substance, from diacetylacctone and carbamide {Collie and Reilly), 1987, 

CAO.Cl 2-Chloro-5:5-dimethyl!^‘cT;c5/peutan-3-oiie-l-carboxvlic acid 

(Farmer, Inoold, and Thorpe), 154. 

CiHsOgBr 2Broino-5:5-dimethylryi>i/c/opentan-3*one*I-carboxvlic acid 

(Farmer, Ikooli), and Thorj-e), 153. 

CgHgOgN 2:6>Dihy droxy pyridi no 4-propi onic acid (Farmer), 2018, 
4-OxiininO’5:5-dimethyl-A* q/c/ypcnten-S-onc-l-cai boxy lie acid(F\RMER 
Ingold, and Thorpe), 148. ' ’ 

C3H9O4BP Methyl-a*bromomuconate (CiiANDRASiEXA and Incold), 1317. 
CsHioONi /^-Nitrosodimethylauiline, hydroferrocyauide of (Gumming), 1297. 
^s^^wOCli 4;5-Dichloro-l:l-dim ethy l-A^*cycfohexen-3-one (Hinkel and 
Williams), 2500. 

CgHjgOgN, w-Xitrodim eth vlaniline, preparation of nitro-derivalives of 
(Forster and C0U1.8ON), 1988. 

CgHjoNBP Jti-Bromodi methylanil ine, hydroferrocyanide of (Gumming), 1297. 
CgHjiOK Methyl-m auisidiiie, preparation of (Krkmack, Perkin, and 
Robinson), 1880. 

CgHiiONg, S-Benzylsemicarbazide, and its In drociiloride (Wilson, Hopper, 
and Crawford), 863. 

CgHiiOiCl Chlorodimet liy Id ill yd ro resorcinol, action of phosphorus cblor- 
ideson‘{HiNKEL and Williams), 2498. 

CsHiiOgBp BromO‘5:5-dinn;thy lfi;c7openta n*3-one'2*carboxy He acids 
(Varmeh, Ingold, and THorir"E)» H>8. 
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CgHiiNjS fi-B tniy 1th iosemjc«rb Alone, 8»Utof4^WO» und Bujina), 874 , 

C»HjtON, m-Methoxyphonylmethjlhydraiine^'pwpmtionof (Keekack. 
5ekivIN, and Robinson), 1880. 

C 1 H 1 S 64 BP 3 Methyl oa' dibromo-jB-methylglnt arete (Inoold), 2686. 

CgHttOiBr Methyl «.bromo-j5-methylglutErate (Inoold), 2'684. 

CiHuOJ Methyl o.iodo-^-raothylglntBrate(lNooLD), 2686 , 

CjHiiOnSni Pentaformyl dariratiTe of methyUtannonic icid (Lam- 
bouknk), 2638. 

C|Hi|OaNt uoKitroaoroalondimethylamide n- and wo-propyl ether* 
{RiNiuLL and Whiteley), 2117. 

C,0*N|S» Substance, from potassium 2:5-dithiol-l;3j4-thiodiaiole and chloro. 
picriu (RAy and Die), 326. 

8 IV 

CaHiOtNK Potassium phthalim id e, preparation of (Hamm ice and Locket) 
2362. 

CAOgNNa Sodium phthalimide, preparation of (Hammick and Locket) 
2362. 

CgHiONClg i»*Trichloro j?-tolttamide (Davies and Perkin), 2214. 

CgHtOtKCl ChloToconmarau-2-one oximes (Minton and Stephen), ieo 2 . 
C«H*0|KC1 Nitrophenoxyacetyl chlorides (Minton and Stephen), 1593. 

CsHtONCIi wDichlorotoluaraides (Davibs and Perkin), 2211. 

CsHgOgNCl Chlorophenoxy acetamides (Minton and Stephen), 1601. 

CgHfOiNjS Substance, from p-carbamidotoluens-m-sul phonic acid and phos- 
phoryl chloride (Scott and Cohen), 2041, 

CtHigON^S Thiocarbamide-bensaldehyde, picrate of (Taytok), 2269 

CiHjANaS Thiocarbamide-salicyla^dehyde, picrate of (Taylor), 2269. 

CiHi* 04 HsS p-Carbamidotoluene-xi-solphonic acid, and its salts (Scott 
and cSoben), 2052. 

CsHiiOgNgS iV-m-Nitrophenyl*fl-ami noethyl hydrogen sulphite, and 
its nitroaniline salt (Saunders), 2674. 

C^HuOiNS ^V'Phenyl-^-aminoethyl hydrogen ettlphate (Saunders), 
2671. 

8 V 

C-HiOjNiClS B-ChloropUenylbiarct-o-sulphonic acid, potassiom salt 
(+ 2 naO) (Scott and Oohen), *2048. 

C,HAN.BrS p B romophenylbiuret'O snl phonic acidt and its salts (Scott 
and Cohen), 2046. 

CgHcO^NJS pIodophsnylbiuret-a-Bulphonic acid, and its salts (Scott and 
Cohen), 2049. 

CtHigOiNClS j.V-p-Cblorophenyl-3 aminoithyl hydrogeu sulphate 
(Saundies), 2675. 

C, Group. 

C,H| I ndene, action of bromine water on fRRAD and HuBst), 2550. 

9 11 

CgHjN iwQuinoline (Harris and Pope), 1022. 

Qai noline, separatlan from pyridin** and hydroferrocyanides of (Cdmmiku), 
1298 . 

CgH^O* Cinnamic acid, condensntion of resorcinol and (Shout and iMiTH), 
1808. , 

CgHA Methyl aldehydosalicylalei. and their sodhim nits (Wmi an.i 
Cohen), 1022. 

C^,0, Methanstetra-acetic anhydride (Inoolu wd Xiceolu), 16L. 
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C,HttO, 'Homopiperonyl methyl ether (Gkkene and Robinsos), 2194. 
Tropic ftcid» reeolution of, and its Milts (King and Palmee), 2677.* 

CA.0. l-HydroxycKtoiientyUthaiie-aS-dic«bojylic ’lactone .CBiech 
and Thorpe), 1836. ^ 


CsHieOg A,'Butene.e8-dicarboxylic-)8.malonic acid, sodium salt (Firmei*) 

2020. . * V /, 

CoHioNi ■DinitriUofcj/cJopentane«piV«^c^opropaoe-2:3.dicarbojync acid 
(Birch and Thorpe), 1834. ^ 

CsiHieOa cyrfoPeDtaue^roCT/c/opentane-3;4-(lione (Kon), 520. 

CflHiiOg Caatelagenin (Bosmah), 971. 

Anhydride of cii.3:8*die thy lc^c/opropaiie-l:2 dicarboxyl ic acid (Desha- 
pande and Thorpe), 1437. 

CiBitOs Trimethyltricsrbally lie anhydride (Hope and Sheldon), 2235. 
C|H}|Og Metbanetetra-acetic acid, and its salts (Ingold and Nickolls), 1646. 

isoPentane-aRW'-tetra carboxylic acid (Incold and Nickolls), 1647. 
C«HttNi Dinitrile of Lldiethylcyc/opropane-aiS-dicarboiylic acid 
(Birch and Thorpe), 1826, 

C|HuO cyc/oHexane»/n>oci/c7obutan-3-one (Kon), 520. 
4 -^Propylidenecyf/ohexanone, i eduction of (Henderson, Robertson, and 
Brown), 2721. 


C»Hx«0| «-Ca mpholytic acid, intra-annular tautomerism of (Chandrasena, 
iNOOLP, and Thorpe), 1542. 


l;l.Diethyleyc/opentane-3:4“dione (Dickens, Kon, and Thorpe), 1506. 

CiHuOi Ethyl 3-njethy UycZobutan-l-one-S-acetate (Jngold), 1151. 

CiHjiOi <f-8-Carboiy-l:l-dimethylcycZopropane-2-i)ropionic acid, and its 
copper salt (Sihonskn), 2297. 

l-Carboxycycfobexyl-l-acetic acid (Lapwop.th and McRae), 2754. 

ciS‘ and frana 3:3-Di Bthylcycfopropane-l:2-dicarboxylic acids (Desha* 
PANDE and Thorpe), 1437. 

Ethyl ethylideneraalonate, preparation of y-alkylidene derivatires of 
(Hiqoinbotham and Lapworti!), 2823. 

Homoterpenylic acid, preparation of (Simon.sen), 2298. 

3:3-Diethy Icyc/opropan ol-l:2-dicarboxy]ic acid (Deshapande and 
Thorpe), 1440. 

5:5-DiTnethylc5<c7opentan-3-ol-l:2-dicaTboxylic acid (Farmer, Ikgold, 
and Thorpe), 152. 

Hydroxydactonie acid, from hydrolysis of ethyl ea'-dibromo-^jS-diethylgla- 
tarate (Drshapanue and Thorpe), 1438. 

J-Keto-JJ-carboxy-ry'^liD'cthylhexoic acid (Chandraskna, Ingold, and 
Thorpe), 1549. 

a-KetO‘i3;S‘dietby Iglutaric acid, and its calcium salt (Dbshapande and 
Thorpe), 1439. 

CyHi (07 S tt beta nee, from oxidation of triroethyl glucose (Haworth and Leitch), 
1929. 


C»HigO| AzaUic acid, electro-synthesis of (Carmichael), 2545. 
yS DihydroEydihytiro-o-campholytic acid (Chandrasena, Ingold, and 
Thorpe), 1548. 

a-Etbyl-jSfl-dimetbylglutaric acid (Kon and Thorpe), 1800. 

C|H,hO| Nonoic acid, sodium salt, properties of solutions of (Flecker and 

Taylor), 1101. 

CgHi^Oft .Trim ethyl mcthylxyloside, preparation of (Carrlther^ and 
lit km), 2304. 

C,H„0g 2;&6*Trimethvlgluco8e (Irvine and Hirst), 1213. 

C,HiaO* 2:S:6.Tnmethyl methylglucoside (Irvine and Hirst), 1222. 
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C.H40.Na Nitrocinnamonitrilea (Bradv and Thomas), 2107. 

CyHfOiHgft 4:5-Anhydro-3-acetoxyinerouri“5-hydroxyin0rcuri-4.hv(lr 

oxybenzaldehyde (Hknry and Sharp), 1058. , ^ 

C»HtO«N| Methyl diiiitro-5-aldehydosalicylate (Waynb and Con»v\ 
1025. ’ . 

CyH70eCl« Methyl w-trichlorotol nates (Davies and Pirkik), 2218. 
C|H70iBr Methyl S-bromoaldehydosalinyUte (Wayne and Co'iien), 1024 

C1H7O1N Methyl 5-iii trosldchydosal icy late (Wayne and Coiikn), 1024 
Nitrocinnam an/ialdoxi me a (Crady and Thomas), 2107. 

CaH«0«S| 2-CaTboiyi)henyldithioglycoUic acid (Smiles and 

LAND), 88. 

CoHtOiHgf Acetoxymercuri-m-bydroxybenzaldehyds (Henry ami 
SHARP), 1059. . 

C«H«ON Cinuaraaldoximes (Brady ami Thomas), 2098, 

6 -Methoxyindole, and ita picrate (Kermack, Perkin, and Robinson) 18"9 
C>H»06r Indene bromohydrin (Rkai> and Huust), 2552. 
Bromohydroiyhydrindene (Read and Hnisr), 2554. 

CtHtO>N, a-T ria zo-P h vdrox v-B-pluii y Ipropionic acid ('^ORsipi' » i 
Savillk), 2000. ' - - . 1 . ana 

CfHaOsCl Cinnamic acid ch lorohydr i n, preparation and reactions of (Koi'sifi' 

and Saville), 2595. 

CtH|0tN ‘Methyl S-aldehydosalicylato oxime (Wayne and Cohen), lO'^e 
CfHtOiK M e t h y 1 n i t r 0 p lj e n 0 X y a c e t a t ea ( M iNToN and S teph kx), 
O-Nitrohora opiperony 1 methyl ether (Greene and Uouissox), 2194. 
Nitrotolyloiyacetic acids (Minton and Stephen), 15-94. 

CsH.O.N| Diuitroaceto m-toluidides (Brady, Day, and Kolt), 532. 

Dinitroaceto-p-toluidides Scorr and Robinson) 845 
C.H,aO,N, N itroacelo-w-toluididtfs (Brady, Day, and Rolt), 529, 
CfHiaOiNs 3-Carbamido-4‘methoxy ben zoic acid (Kroklickkr and Cohes- 
1656. 

Xitrotolyloiyacetamides (Minion ami Stephen), 1595. 

C»HitOCl Benzyl B-chloroethvl etlier (CLRMoand Perkin), 649. 

C,H,.<W( i-Atrolac tin amide, j»re[i* ration and rotation of {McKenzie ami 
Smith), U56 

C,HnO.K, p*XitroheTizaldehydedim«thylhydrazone, and iU hjdro- 
chloride (Brady and Mi lh onj, 1651. 

C«H{iO|N Aminotoly lo.xy ace t ic acids (Ml n to . x and Stephen), 1597. 
CiHitNCl ^'Chloroethylmethylaniline (Clrmo and Perkin), 648, 
C|H}|ONa ^a-PhenylethyUemirarbazides, and their hydrochloriihs 
(Wilson, Hopper, and C’RAwyokDh 869. 

C,H»0«N Substance, from hydrolysis of ethyl By-dicyano ■y-methylbatane^S- 
aicarboxylate (Hope and Shelivon;, 2282. 

C«HuO(Cl Ethyl B-c bio roglutaconate (IsnoLD and XtcKOLLs), 1643. 
CtHjaOiBri ea'-Dibromo-^^-diethylgltltaric acid (Prshapande and 
Thorpe), 1436 . 

C^hOsN, l:l.DimethyV/q ientaiic>3;4'dione diseinicarbazone (Kon) 
524. 

CsHhOiNi Heptaid p hy deseni iox amazone (I.apwobth and McR-Ae), 2753, 
isoKitroiomalondimethylamide n-hutyl ether (Rrnrai.l 
and WRiTELRY), 2117, 

C|Ri«0fSii| Triacetvl derivatiTe of methylatannonic acid (Lamboirne), 

• 2587 . 
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C#HifO*N Trimethyl glucoseoiimo ('Ihvivf 
CjHjAN Methylaraiiiobiatlimethylacetal M'vnx 

Kownson), 1886. ^Jiacetal (Ivkrmack, Pekkik, and 

and Harris), 2708. »«id2:4.dicl,loropl.c..jIhj..lr,,one(C.umwiv 

GtH 70 «N|Gl Mesoxaiic acid chloroplienvllivdr 

HauBIs). 2708. ^ “'-“yiiijflrazoiies (Chattaway and 

2m”"'" (C.u™w*v and 

'‘'”™ "-''■‘»™r.de.,yUl,i„c«,.ba.„.de. and nldonopicriu 

CiHsOjNiCl Semicarbazoiies of cli lornomi m « r « 

sArBEN), 1602. ‘'‘•'orocoinHarari-2-onea (Minton and 

C,H„0NI Acetyl denvati.e of d-iodo-m-tolnidiue (Bi'etos and Kes.nes), 

S5Ss rr«\7i?.rla'midl'ren::iVauh:;;"r^“'” r' 

“+H.O)(ScoiT.ndCoHENU04A ‘ »lt 

CiHiflNIS Benzothiazole etliiodide (M]lls\ 460. 

C,H„ 40 ,CIS fl-Chloroethyl tohune-p-aulphoiiate iClemo and Perkix), 

C,Hi,0N,S Thiocarbamideaoetone, picrate of {Twlop) ^ 9-9 

J\'0‘Tolyl-3-amiiioethy] hydrogen sulphate (SAUNiizrus^, 2673. 

9 V 

Cio Group. 

Thorpe/ derivatives of (Stevenson 

CioHift Sabiiieue, oxidation of, with clirotnvl cliloiiJe (Hi;M>KKSOV, RobekTvSov 
aim Drown), 2717, ' ’ ’ 

10 ir 

CioH,0| 2:4-Dicarboxy<7/c7obulane-l:3di.ioetic anhydride (Ingoid, 

Perrek, and Thorpe), 1789 . v * 

CibHjOs Hydroiycarboxyciiin.aiiiic acids (Wayne and Cohen], 1028, 

CjoUiN «- and B^Naphthy Umi lies, Imirofoi racy an ides of (Gumming), 1295. 
^“'1100 P’ ^ y y s t y t y I methyl ketones ( Buck and H Ei lbron }, 

^**^1023 2-methoiy-j.aldehydobenzoate (Wayne and Cohen), 

C »cid, preparation of {LArwoiiiH and McRae], 1704. 

loHtiN •5:8-Dihydro-o-naphthvlaiiiine, oxidation and broniination of' 
(Kowe and Davies], 100(\ 

CioHiiO Cuminaldehyde, from eiicakptus oil {Bentold), 266. 
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CuHiiOf l*Hydtoxycyc/op9ntjl«thni«-M/9‘triotrboxyUo Utto’ne (Btum 

and Thobpe), 1836. 

2:4'Dioarboxycyc/obutane>l:S<diaeatio aeida (Ihoold, Pkri»»u 
and Thor?*), 1789. . 

CiaHxtOt eyo^oHaxa&aspmxn/o^peiitane'Srl-diond (Kon), 923. 

CifHiiOs a-Keto-a-campholenic acid (Chandbaseka and Inoold), 1554 _ 
CitHxtOx Ethyl muconate, addition of atbyl Bodiocyuoacotate and edivl 
malonate to (Farmer), 2016. • ^ 

CuHuO# rHydroxy*yethylpentaue*aa3-trioarboxylio lao’tone (Brnn, 
aud Thorpe), 1826. ' 

CiiHiiO Cry ptal, from aucalyptna oil (PiNroLt)), 266. 

Phellandra), from eucalyptas oil (Penpolo), 266. 

I’Jp^itono (Read and Smith), 674, 1863; (Read, Smith, and Bbntivoglio) 

Sabinenilanaldahyda (Herderson, Robertson, and Brown), 2720. 
C»HmO, l:4.DimethyM.ethylcyf/ohexane.3:5-dioae (BECKERand Thorpe) 

Sa^hnjenilanic acid, and iu salts (Henderson, Robertbon, aud Brown) 

CuHiiOi d-l:l-Dimethyl‘ 2 ^-ketobnty lfycfopfopane-3-carboxvlic 

and its sodium salt (Simonsen), 2i95. ^ 

CisHuOi Ethyl n-haptanecarboxylate (Carmichael), 2649, 

Methyl ^-methyM-ethylglutarate (Dickens, Ron, aud Thorpe) 
1503. '' 

CieHjxO* Ethyl but ane*ay-diol-«3-dicar boxy late (Ikgold), 2694 . 

CisHuSi aa' DimathyldliMbutenyl disulphide (Pope aoii Smith}, 1168 
CieHiiOf 1:3:4 :6 -Tetramethyl fructose (Irvine and PAirEhsoN), 2697, 
Trimethyl methylglucoside (Haworth aud Leitch), 1928. 


10 III 


C,eHAN, 2:4-Dinitro-a‘naph thol, cobaltamnuue salts of (Morgan and 
King), 1727. 

CtaHiOS Hydroiynaphthyl mercaptan* (Wathon and Dorr), 2416. 
CuH|0|Nt 2:6-Dihydroxy-m a-benzbiipyrrolB, and its sodium salt (Davies 
and Hickox), 2662. 

Cj^H^iNg 4:6‘D i n i trop h e n y ien e-l :3-d iacet ic acid, and its lead salt 
(Davieh and Hickox), 2661. 

C]«H«NsSt Dimethylbenzbisthiaiolea, aud their salts (Edge), 774. 
C]«HtON 6-M«thoxyindol«-3-aldehyde (Kermack, Perkin, andRoaiNwl 
1882. 


C|«HgO,Cl 3-Chlorobenzoy lacetone (Moroa.v, Drew, aud Barkek), 2456. 
CuHtOgN Methyl 6>nitropiperony]aettate (Greene and Robixson), 
2196. 


CiaHiiO|N| cyrIoPentaDe^>o-S:S‘dicyanoryrIopropaDe<2-carboiyIic acid 
(Birch and Tnoxn), 1834. 

Pbenyleyaaourethane (Scott and Cohen), 2050. 

CieHMOgClg Ethyl ••dichlorotoluates (Davies and Perkin), 2211. 
CtiiiiiOiN* Mufoxalie acid tolylhydraioftei (Cbattawat and Harrib), 
2709. 

CisBiiOHg csc^PenttQeij»fro<2:3'dfeyaaoeyelopropaDe-3^arboxylsmide 
(BiacH aiid Thorpe), 1834 

CisHnOgBr Ethyl #-broino-o-toluate (Davieb and Perkin), 2207. 
CisHxxO'aI M*lodo-o<to|ttat« (lUviu and Perkin), 2208. 
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tormula index. 


lOIIl-ioiy 


CmHiiOiNi Semicarbacone of methvi r, aM i. j 

aud Cohen), 102®: ‘^■^^^^^JdosalicyUte (Wayne 

Ci#HiiOaN Ethyl nltrophenoxyacetate* (Mintov an-i e 

Methyl ’»>troioIyIoxyacetate8{Mr^TON andST^ 

C«H«ON. 2\9-Dicj^^o:Ul.diHhy^ ^594. 

andlHOEPE), 1825. ^ ^ ^ °P®°®‘2-cirboxylamide (Bibch 

Ci«HuOtK| ^®;J^*®y*n»-ltl*diethyIcyc4jpro^ajj „ i, 

(Birch and Thorpe), 1825. ^ » P '’P^ne-2-carboxylic acid 

.cid 

C„H„0,Se S.l.niu,. OC-bisxc.tyhc.ton. (Moh..., Dkxw, „d Babxxp.). 
C„H.ASe. Di,.l,nium bi.xcetyUc.tone (MoHa*„, D«.w, and Bahkeh)! 
Ci«Hi|OBr "'Broin ocamph or (Lowry, Stfeie and Rri.x, ^ i^o 

CiaH«0^r Ethyl rbromoaeatyJauccirat. 

Maobeth), 2175. •®*^yi3«ccinate, proi^aration of aod 

C11H11O4BP1 Etbyl ao'-dibromo-B-methvNlntaraf- /'T ^ ^ 

C„H„0,Bp, Ethyl a^•dib^omo.7^dihyd oxyad^^^ 

I.VOOLD), 1316. ‘“y^roxyadipate (Chandrasena and 

®“Kvotuor582.°”’”‘"'" •■>-<'™'>>'»nde. (R^xn, Smith, and 

0 V "“icarb.Ton. (Ko.n) 520 

(Lapworth and McRae), 2750. 

p n ft i (IiaGOLD). 2685. 

bi*ni7U|rl| Semicarbarone of a-keto-Sfl-diethviflji.forjT, -j m 

PANDi and Thorpe), 1440. 7 giutaric acid (Desha- 

C»HieO|N| DiaemicarbazoDa of l-inethyM-ethvlriW/,n.aTa*« o -aj. 
(Dickkns, Kon, and Thorpe). 1504. ^ ^ icyc^flpentane.3:4.dionc 

Latwoeth), 62. 

disalphid, {Pope and 


10 IV 

^"2’n*2^ And Avasaee), 2594. 

(Kermack, Peekin', and Bobik- 

r**H*n*«^ ^l*l*l®*n*tnAd*nilide (Naik and Avabare), 2594. 

U00Kf796r^*‘’°'’°*'*'^’““‘"°P‘““^' chloroaoetate (Barksti and 


CuBuO,N.BrS Ac.tyl-p-broraopbenylbinret-o-sulpbonic acid, potass- 
lum aalc (Scott aihl Cohen), 2046. ^ 

'^^io«»rbamideciiinam aldehyde, and ita salts (TAYtoR), 

Ac*tylainUopb«Dyl-6-chloroethyl ethers (Clemo and Per- 
kin), 645, , 
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10 IV-11 III 


FORMULA INDEX. 


CwHhOiNiS* Subatanee, from 2-thiol-4:5-dihydrothi»aol« and chloro|>icriji 
(BAy and Dxa), 325. 

Cj*HiiO*Cl<Te Tellurium biscliloroa cetylacatone dichloride (Mohuaj, 
and Dkew), 936. 

CieHitOiSejCu Copper disolenium hisacety lace tone (Morgan, 

and Bakkku), ‘2447. * . ^ ’ 

Ci*HitOJItS ^-Acetyl cavbamidotoluone-m-sulphonic acid, IKitassium 
(Scott and Cohen), 2040. 

CipJLjNIS Methylbeiizothiazole elhiodidea (Mli.iJi), 460 ;’ [Mills and 
Braunholtz), 1493. 

CigHuONsS Phenylthiocarbamideacetone, picrate of (Taylor), 2273. 

CigHnOgCliTe Tellurium biaacety lace tone di chloride (JUIoku.w atl^i 
Drew), 929. 

CioHuOiNfS A'p-NitroHo-*V-ethyl-|S-anuuoethyl hydrojFen snlidut.- 
(Saundkrs), 2674. 

C|,H„OtKS, M e t h y 1 e t h y 1 s u 1 p h i n o 1 ii e n e 8 u 1 p li o n y 1 i in i n e {Maw 

andrOTE\ 1053. 

CiaHiiOgNS A'-Pheiiyl*.V-ethyl-/8-ainiuoethyl hydrogen suhilut;. 
(Saunders], 2673. 

C,.HuOATe Tellurium 0-e thy Ipivaly lace tone trichloride (Mokcav 
aud Drew), 938. 


Cii Group. 

CiiHt»0a Acetyl derivative of methyl S-aldehydosalicylate (Way.se and 
COHKN), 1022. 

CiiHiiO* Piperonyhuccinic arid iLai'Wolih and McKae), 1707. 

C|iHj*0| «*Metliylfyc/'4u‘xaiie-l:l diacetic anhydride (Kon and THOi rL 
1801. 

C..H..N, Benzald ehy dediethy Ihvtl razone, and ita platinichloride (Rkaov 
and McHrcti), 1650. 

CiiHitOg a-M e thy L''W'>h*;xane*l;Tdi acetic acid (Kcin and Thoreei, 1801. 

Methylryc7opentaiie-l;l-diarotate (Dickens, Kon, and Thokef.), 1503. 

CjiHigOi Ethyl ester of hydroxy-lac tonic acid, CgHnO,(DE.sHAPAKbEaiid 
Thorpe), 1433. 

CiiHigOg Methyl Ad die thy Iglnt irate (Dickens, Kon, and THonrF)^ 150i. 

t! Ill 

CiiHAN Nitro-2-h vd ro x v-« naph th a Idehyde (Mom ; an and Heeves\ 6. 

C|,H,NS .-Naphthyl thiocyanate (Chau.ent.ep. and Wjlkinson\ 100. 

CnHgOiN guiu aldinic arid methyl beta) oe (Mills and Hamer , 2011. 

C„H,0,N, I ni i de of <‘y' 'o p »• n i a ne/fpi rt>-2:3*d ic y a Dori/r/«propaDe-2:3- 
dtc.rboxylic acid (Bim K aod Thohpe\ 1331, 

C„H.O,N 6*Aiuifio-2 hydrox v-3-niphthoic acid (Fkoelicuer and Cores', 
1659. 

CuHiaON. a Cvanfv.^ pbenylcrotonamide (Stevenson and THOfir*), !r2<\ 

CuH„0,N. Subatanee, from o-krCog!utanr acid and o-phenylenctliaiuine \K'^s, 
Stevenson, and Thokpe], 661. 

Cj|HjtO*N >/i-Ar e ty lam Miopl) enox yacetic acid J’Mim'pn nnd Srr.rfiES, 
1597. 

C||H«0*Nt Acetylciniiam^iwiialdoxjmei (HRAt*v and Tromar), 2107. 

.A'Dir vano l-h y droxy pentyl«thaue-.A d irai bexylic 
acid (Birch and tHOHPii, 1836. 

Quiaaldinir acid methoni trat e Mills an I Hamer), 2012 
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formula index, 


11 III-ll IV 


CiiH«0|HVt 3:5-Diaoetoiyclimercuri-4-hvdroivh».,,.ij u j 

aiid Shakp), 1058. J“f“>'yOcnzaldehyde (Hssry 

3:5-DiacetoxydimercurisaUcylaldehyde (HE.XRYand SharpI ,nA« 
CnH,.0,N, Din.tro-m-Aylylpyruvio acid (Davies and Hickox) Z' 
P 1 CKK. 1 N, and Robpnhos), 1881. (Kermack, 

CiiHuNI Methylijoqniiioline mcthiodides (Mills and SMiTni 97 to 
CuH„0,N -AcetOacet.!,. and f-tol uidid es (Naik and AvASAEit’aMr 

" -'■■‘‘oyann.adO.tvrSittaiic 

»-Iraide of oa'-dicyano-^Minie tlivU-ethylglutarie 
Thobpe), 1800. ‘ "‘.Jigiuianc acid {Kos^ and 

^'^^ 1598 .^ 2-AcetyUmino.;i.tolyloxyacetic acid (Mixton and Stephen), 

acid (Froelichek and 

Ethyl n itrotoly 1 0 xy ac e tites (Minton and Stephen) 1594 

®‘'®{j?s!!!vcK,p7Ky;;‘:nd£^^^^ 

and 

^'*‘d ‘‘a 'alts (Beady 

CiiH„0*N Ethyl B-cyano^-methylgUtaconate, and its action with 
ammonia and with water (Hors), 2216. 

CiiHuN|S Acetone-.Si-ben zy Ithiose niicarbazone (WiL-soNand Burns), 873. 
CiiH„0,N, Semicarbazone of o-keto-a-campholenic acid (Chandraskna 
and Ingold), 1555. 

Cii 1 ^ 70 *N «-cyaDo-y-ethylgIutaconate (Ingolu, Perren, and 

Thorpe), 1<82. 

CnHi,0jN| cych?entAi\espirtxi/ hvei\ tane-3:4-dione disemicarbazone 
(Ron), 526. 

CnHi*0N, df-Piperitone semicarbazones (Read and Smith), 1866 , 
CiiHi|0|N| Sera icarbaz one of iM :l-dimethyl-2-7 ketobntylcyc^ftpropane- 
S-carboxylic acid (SiMuNSE.'i), 229.5. 

Semioar ba zone of metliyl l:l-diethylc^/c/<jbutan-3-o ne-2-carboxTlate 
(Dickens, KoaN, and Thorpe), 1504. 

CiiH|*0|N# Disamica rbazonc of l:l-diethylc?/riopentaDe-3:4-dioue 
(Dickens, Kon, and Thorpk\ 1506. 

CnH„0,N, Semi carbazido'cifpi peri tone, and its hydrochloride (Read and 
Smith), 1809. 


II IV 

CiiH| 0|N|C1| Citracony l.*2:4-dichloropheiiylh ydrazides (Chattawat 
and Parkks), 287 , 

CixH|0|N|Bri a*Citraconyl-2:4‘dibromoph€ny Ihydrazide (Ch.attawat 
and Pahkes), 287. 

^uHiOjNSe Cyano-3*s9lenium be nzoy lace tons (Morgan, Drew, and 
Bakkrr)i 2455. 

CiiI^OjN|Cl C it r aconylchl or 0 phenyl bydraz ides (Chattaw'AV and 


cxxi. 


5 k 
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Formula indkx. 


CxiI^OgN|Br CitraconylbromophenylhydrazideB (Chattaway 
C]|H' tO|Ng$| DinitrodithioacetO‘p-toluldid« (Kaik and Avasare), 2595 

Cufli# 0 |NCl Quinaldinic acid me t hochloride (Milm and* H amer}, 2012 
CiiHiiO|NS| Dithioacetoaceto-toluidides (Naik anji Avahare), 2594 

CiiHi|0»N|Cl Citraconic aeid j?-chlorophenylhy draiide (Chattaw 

And 28&t 

CiiHjiO^iBr CUraconic acid /J-bromophenylhydrazide fCHAm^AT 
CiiHiiNIS Phenylmethyltbiazole iiiethiodideB (Mills and Smith) 2735 

citraconate (Chattawat and 

CiiHjiNIS l:5*Dimethylbenzotl)iazole ethiodide (Milw) 453 

0uH„O,NS, 

Diethyl8ulphine-;7-toluene8ulphoiiylimine fMiw 
Pope), 1053. r j 

II V 

Cii Group. 

CuHjNi Carbazo Ie-3 diazoimiiie (Morgan and Read) 2712 
C„H,N, S-Triazocaibazola (Moroax and Read), 2714. 

(fiiOEMCKM and 

C..H..N, Harmine (Kkrmack, Pkrkis, and Robinson), 1372. 
^"^Kv^lssl'tsi* (Ot">t'*nD, Ashui, and 

CiiHiiO, Ethyl 2-hyJrind»ne.l-i:arboiyl»te (Febkin and T[n.Ey) 156 « 
«'-l-Ketot 6 trahydrouai.hth»lena.;i.«c(,tic .cid {Si'evexsoj- am! 

X UORPE), 1 1 21. 

Ct»HiiO, Acetoxybenzanthronecarboiylic acid {Bradshaw and Pikkix), 

CigHjiOjo 7i‘Dihydroxy-A'Aivoctatriene-«3»MetracarboxYlic and 
(Ckandrasena and Inooi.d), 1319 
CuH„N, Btnaidine, b ydroforrocyanide of (CVMJiIKo), 1296. 

CiaHiaOi Methyl l;m etliy M ethy iT^Wopent aiie-3:4-dione-2:5.dicarboxTl. 

ale (DrcEExs, Kox, and Thorpe), 1503. 

CiiHx,0, m* and ^raaj-2:4 D icarbox v^vr/ob u tanc-l :3-di-«^nroi)ionic acids 
(INOOU), Perrrn, and Thorpe), 1787, * 

CiaHisN* Dinitrilf of I me tii y !*l'it hexy Iri/<r/opropanc- 2 }S-dicarboxTlic 
acid (Birch and Thorpe), 1S28, 

CjiHuOj '^^-l‘Methyl.l-f!-h*‘XYlri/c/(jpropan('-2:3-dicarboiTlic anhydride 

(Birch and Thorpe',, 1829. 

CuH|*Oj Ethyl d*ljl-dime th yl-'J-y-lcetobn ty !<^/opropaDe'3-carboiylate 
(SiMosaiN), 2297. ^ » 1 t : 

CisRmOi «-Ethyln/?/ohexanc-l:l-diac«lic acid (Kos and Thorpe), 1802. 

7“H y d roxy-y methy 1 non ane a3-diear boxy 1 ic lactone (Birch and 
Thorpe), 1830. 

Methyl cyc7ohexane-l:l.diac*^tate (DicKEXs, Ko.v. and Thorpe), 1505. 
cif- and tPaM-l-Melhyi*l-a-h«iyl<y7opronane-2:3-dicarhoxylic acids 
(Birch and Thorpe), 1829. 

CmHuO* Methyl tfitnelhyl tricar bally lete (Hope and Shei-Dox), 2235. 
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1211-12 IV 


r Sucres®! inversion of (Mokan and LKwrs)j 1613 j 

■ uitnc acid (Chattawat and Harris), 2703. 


oxidation of, by 


CiHmOi lisnric acid, pota.'Jaium salt, nltra-filtration of solutions of (McBaik 
' and Jkwki'ns), 2325; sodium salt, equilibrium of sodium chloride, water and 
(McBain and Burnett), 1320. 


12 III 

CiiHtOi|N7- Dipicrylamine, cobaltammi no salts of (Morgan and Kino), 1726. 
C H|0N| iWffitrosocarbazoIe (MuiUiAN and Read), 2712. 

C..H.0Ka CarbazoIe-S-diazonium hydroxide, salts of (Morgan and Read) 
2711. 

CiiH,OiN 4'Nitro-Lmethoxy-2-naphtlioic acid (Froelecher and Cohen), 
1657. 


C„H.N,CI S-ChlorO'l-metbyl-4'Carboli ne (Kermack, Perki.v, and Robiv- 

sok). 1885. 

CijHioOA Di-m-bydroxyphenyl disulpliide (Watson and Dm), 2415, 
CuHnOsNi Benzeneaxohydroxyquinol (Mukeiui), 551. 

C (HisOsNi 6-CarbanjidO‘2'hydroxy-3-naphtlioic acid (Fkoelicheb and 
^ CoHSN), 1660. 

CiiHiaOiNs jt?-Nitrobonzenehydrazo-o-nitrophenol (Mukerji), 2881. 
CitHuClTl Thallium diphenyl chloride (Goddard), 40. 

CiiHuBrTl Thallium diphenyl bromide (D. and A. E. Guddakd), 258. 
CitHiiON o$-Napbthadihydroi,sooxazine {Clemo and Perkin), 647. 
C12H11OCI «- arul ^'Naphthyl d-chloroethyl ethers (Clemo and Perkin). 
646. 


CpHnO»N Quinaldinic acid ethyl betaine (Mills and Hamer), 2014. 
Ci'|HiiO,N Aminomethoxy naphthoic acids (Fkoklicheb and Oohen), 
1658. 


CuHiiOfN, Citracouyltolylhydrazidcs (Chattaway and Pakkes), 288. 
Ci,HiiK|S 4-Benzencazo'l-naphthy] mercaptan (Watson and Duit), 
1040. 

CiiHiiON Ethoxyquinaldines, and their salts (BRArvHOLTz), 170. 
CijHiAiBr «-Br<>mo-7f.dihydroxy-A“7-octadiene*o5etf-tetracarboxylic 

acid (ChandrakENA and I.noold), 1318. 

CiiHiANt Citraconic acid o-tolylhydraride (Chaitawav and Parxes), 
287. 


Ethyl «0'dicyado-j5-methylglntar8tc, preparation of (Hope 
and Sheldon), 2226. 

CijHuO.BPf Ethyl dibromodiacctyUuccioate, preparation of (Hirst and 
Macbeth), 2175, 

CaH^ON, Acfltone-J-a-phenylethylscmicarbazoncs (Wilson, Hopper, 
and Crawford), 859. 

CiiHwOiSe Selenium C'-ethybOC-bisacetyUcetone (Morgan, Drew, and 

Barker), 2451. . , 

MiiONj 2:8.Dicyano.l.methyM )i-bexylry^/opropane-2-carboiylamide 

(Birch and Thohre), 1827. 

M»0,N, ryc/oHexane^;j?>on/r7opcntane*3:4-ilioue disemicarbazone 

(Kon), 622. 

M11O3N Amide of fmrt.^^^u■thy!■^«•herylct.Wop^opane•2;3■dlcarb• 

oxylic acid (Birch and Thorpk\ 1828. , 1 

CuHttOjN,. #rflw.l.MethyM-n.hexy[t;yr7cpropane-2:3-dicarboxyiain 

(Birqh and Thorpe), 1828, 


CiiH,0,N,Mg: 


12 IV 

Magnesium nitropheuoxides ((toddarp 
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FORMULA IKDKX. 


CitHiOrKiPbi Lead m- and 2 >-nitrophenoiide (Goddarp and Ward)^ 264 . 

C„ILCi|BrBl Di-p-chbrophenylbromobU mu thine (Chauknger 
Riduwav), 110 . 

CiiHiCUIBl Di-p-chlorophenyl o do bismuth in a (Cbaius{;er 

Kiimjwav), no. , 

CjtH»ON,CI V-Chloro* 2 *beii?anea 2 ophenol {CHAmwAY and Hiu), 275 - 

Ci]H|ON)Br 4'-Bromo-2-benzen«izophenol (CHAiTAWAY.ami Hiu.), 23'58 

CitH|0N|I 4'-Iodo*2>benKetieazo phenol (CSAmwAY and Hij,!,), gjjg, 

CwH|0H|$ DiphDnyl* 4 ; 4 '-bi 8 izohydroxy -2 phenyl mercaptan (Watsox 
and Dm). 2415. 

CitH,0,NaS 3-Nitro.4-tliioiben?;enear.O't-bydroxy-2-jihenyl mercaptan 

(Watson and Dutt), 2417, 

Ci|Hi,0»NCi I-Nitro'0DaphthyI 3 -chIoroethyI ether (Clemo and 
PlCKKIN), 640, 

CiaHiiONCl l-Amino-e-naphthyl 0-chloroethyl ether (Ciemd and 
I^RRix), 647. 

CijHhONBp 4-Bromo-5:8-dihydroaceto-«*napht halide {Rowland Davies) 
1006. '' 

CiiHiiONBrj 4;6;Mribromotelra!iydroacetO (i-iiapbt halide (Kgwe and 
Davies), 1006. 

C)|Hu0|NCl QuinaUUnic acid ethochloride (Mtiw and Hamir), 2013. 

CifHuOaNI Methyl qninaldinate raethiodide (Milm and Hameb) 
2011 . '' 

CtiHrfONBri 6;7Diliromot*trahydroaceto«-naphth elide (Rowe and 
DAV(fcj), 1005. 

CuHijOiN'S ydNaphthyl-flamiaoethyl hydrogen anlphte 
(Saunder-s), 2475. 

12 V 

CjjH]^20*N.jSe|CU Copper cyano-S-seUniura ace ty licet one (Moec.an, 
Drew, and Bakkek), 2448, 


Cu Group. 

C^HiOa l:3>Dihydroxyxanthon« (4-^,0) (Nishikawa and Robinson), 

841. 

C„H,N, Carhazole-3-diazoeyanide (Moh(jan and Read), 2714, 

Telrahydroxybcnzophenoties (Xisiukawa and lhiKtN.si»K), 842, 
Subatance. from oxidation of the lacUne of 3 hydroxy-2 O'csr)to)(yl)en?y] 2- 
methykyf/oprQi»ane'l-carl)oxylic acid (Kon, StevensoNj and THnKiE). 663, 
CyHuCli Bentophenone chloride, action of sodium metlioxuio and its 
lionKdo|taea on (.Mackencie', 1695. 

CuH» 0 , rw l Beazy I l-melhylr^foj)ropaiit- 2 : 3 *di carboxylic anhydride 
(Hikch and Thokp*', 1*^33. 

CjjHuOi Lactone of .3-h yd rox y-2 '’-carboxy benzyl ^-niethylcyrAipropanf 
I'Carboxylic acid, and iu silver salt iKuv, Stevenson, andTHOHpK), 661 
Lactone of *x/‘-l*keto 2-ii yclroxy*3-meili yUetrahydroiiaidithalene-S- 
acetic acid, and its silver salt (Kos, Svevensos, anil TikikiE)) 660, 
CiaHj»0x p-MetlioxycinnaniyUdenemalonic acid (IIigginuotiiam ini 
Lap worth), 2828, 

CjiHitOi M#thyienel)is-2:3:5;6-te trahydroxybenxeno f.McKKWi), 5)9. 
CmHi»Ni Dinilrile of lro»u-l-b«tixyM*melhylryr/tfptopaiie'2;3'.dicsrhoiJ’* 
lie acid (Birch ami Thorpe^ 1831. 

C^uOi Kthyl LmethyI-2tiydrindonC'l’Carboxvlat« (Pzkki.v ano 

TituT), 1W9. 
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FOKMUU INDEX. 


1811-13 III 


r H.iOi cis' ^fft?w4-Ben2yI-l-methylt}/c/ypronane-2:3.dicarboxvlic 
" icidi (Bibch Md Tuokpx), 1832, ^ 

Y-Hydroxy*y-benzylbutaue-afl‘dioar boxy lie Iactoae(BiRcHaadTHO®PE), 

1833. 

Cl ff-<?-Carbozybeuzyl-a>methyUacciaic acid{KoK. Stevenson, and 
Thoepe), 662. ■ 

^uinoxaline derivative of l:l-dimethjleyc^opentane'3:4'dioQ« 
' {K0H),m * 

C HiiO* Ethyl homoplithal ate, preparation of (Davies and Perkin), 2208. 

C HuO« Methyl cyf/opentanesjoiVo^v/i/ypeii tane-3:4-dione'2:5-dica^boxyl' 
^ ate (Dickens, Kon, and Tjiokpe), 1002. 

C HtflOi Ethyl l:'l-din]ethyl‘l.cy^7ohexaa8'3:5-dion«-2-carbcixylate 
” (liEcKER and Thorpe), 1304, 

C HtiOi y8‘Diacfctoxydihydro-a'Caiupholytic acid (Chandrasena, In- 
gold, and Thorpe), 1549. 

Ethyl wobutyleuetricarboxylate (Ingold and Nickolls), 1645. 

C HffOs Ethyl 3;3*dieth ylfyc^pro pan oi'l:2-dicarboxy late (Deshapande 
” and Thorpe), 1441. 


13 III 


CijHrOiN Nitro-d-uaphthaconmariii (Morgan and Rbkves), 7. 

C H|07Ni 2:4-Dtnitrobenzaldoxime-.V-iiitrophenyl ethers (Barro^v, 
Griffiths, and Bloom), 1716, 

CuHfOiNa m- andjj-Nitrobenzylidenenitroanilines (Ingold and Pigoott), 
2799. 

CuHtOsN, Diaitrobenzaldoxime-.V-phenyl ethers (Barrow, Griffiths, 
and Bloom), 1714. 

2;4'Dinitrobeijzanilide (Rakrow, Gkikfith.s, .-md Bloom), 1714. 
m-Nitrobenzeneazoaalicylic acid, chromic and cobaltanamine salts of 
{Morgan and Smith), 2870. 

C»HioO«N» Ben zylidene-o-nitroani line (Ingold and Piggott), 2804. 

CijHioOtN* p-Hydroxybenzylideiie-m-iiitroaniline (Ingold and Picooit), 
2799. 


CtjHijNBi Diphe 11 ylcyanobisrau thine (Challenger and Wilkinson), 98. 
CijHuO^N 2;4:6;2'‘Tetrahydroxydiplienyl ketimine, and its hydrochloride 
(Nishikawa and Robinson), 840. 

Ci3Hi, 0,N 2.CaTboxyindoU-l;3-diacetic acid (Kkrmack, Perkin, and 
Robinson ), 1893. 

CuHuONj 5-Keto-4:7-dimethyl'4:3.dihydroiudo!ediaime(l:4) (Kehmack, 
P 1 P.KIN, and Robinso.n), 1888. 


(Kir- 


2-o-TolueD6azo phenol (Chattaway and Hill), 2758. 

CijHiANi ll-Methoxy-8-kfto-4-iuethyl-3;4-dihydro-4-carboIiiie 

MACK, Perkin, and Robinson), 1889. 

ll-Methoxy-5-keto-4-niethyl-4;5-dihydroindolediazine(l:4) (Kermack, 

Pkrkin, and Robinson), 1890. 

CuHuOiKt Carbamido-l-raethoxynaphthoic acids (Froelicheb and 
Cohrn), 165S. 

CijHi,0,N Imideof l-ben2yM-methyIcyc7opropane-2:8*dicarboxyhcacid 

(Bihch and Thorpe), 1832. 

C;,HuO*N Oxime of ^,.i.keto.2diydroxy.3.me^thyltetrahydronaphtlia- 

lene*3-acetic lactone {Ko.n, Steyen.-^on, and Thorpe), 662. - 

C«H7 i 04N,' Nitroacetanilide-.^-pyridiniuni hydroxides, salts of (Bar- 
nett and Cook), 794. 

C,,HuOK, H.rnnline (Kermack, Perkik, »”■> Kobiksok), 1872. 
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18111-141 


FORMULA INDEX. 


tyJroxide, salt* of {Baunrtx Hnd 

CjiHj^D.N, Substance, from oa-dihydroxy-^fl-dimethylglutaric acid and a !>).. i 
eneJiamine (Kox, Stevenson, and Thorpe), 665. «-p»ieiiy|. 

C„HuO<Na 2;3:5.Triketo-6-o-methoxybenzyM(or l)-inetKylT>in.r« ■ 
(Forster and Saville), 824. ^ ? P'P^rsziDo 

CuHuOiNi ofl-Dicyano 1-hydroxy S- and ^ metbylcwcfoheivl-etKo 
dicarboxylic acids (Birch ami Thorpe), 1836, . 

CijHnO;^* A^-Ethyl-wdinide of R«'-dicyinO‘66-diiuethvLfl.«fK«i.,! . . 

acid (Kon and Thohpe), 1800. ^ ®^^yl8lutBTic 

C||H„0,N Salicylidene gliicosatnine (Irvine and Earl), 2378 

CuHistOiNj 2:3’DicyanO'l*metbyl-l-»-he.xylcvcfot>ron»Ti» 9 

acid, and its silver salt (Birch and Thorpi), 1827. * ^ -c*rboxyhc 

CisHiiOiNi Ethyl dicyanomethylbutansdicarboxylatea j 

bHRLDOS), 2229, 2232. ^ * i«0PK auti 

CijHnON S-Benzyloxytriethylarnine (Clemo and P»rki?i), 649 
‘^‘’**'Fiumfr.\“l7sl‘ (Itcolp, Peehis, 

CijHuOsM 3:5:8.Triac#tyM-methyI gtocosamine {iRviNRand EtRT\ osin 
im’‘ (CKBAPASIli .„J 

^*^^iouKSi) 0 ^ 3 *° derivative of methyUtannonic acid (Ur- 


13 IV 

CuHANiBr w-XitrobenxyIidene-;i broinoannin« (Ingold and Piggott], 
CuHtaONBr 3^Hydroxyben2ylidene-y)*broraoaniline (Isgold and Pia- 

Gorr}, 2798. 

Cj|Hi*NSBl Diphenylthio cyan obis mutliine (Challenger and Wilkin- 
son), 98. 

CuHnOiNCl Phenyl acetate •-pyridinium chloride (+511,0) (Baiivstt 
and (Ah>k), 797. 

Ci|H||0*NiCI K ttiyl 5-chloro*2:4-dinitro-6-in«thylnhenylacetoacetite 
(Davies and Hd kox). 2647. 

CiaH|iOiiCljSn| ( hloroacetyl tlerirative of mothyletanaouic acid [Lam- 
RorR.VE). 2638. 


18 VI 

CifHuOaNClaSAs ehlorotri vi nyl ariini-^i-toluenesulphonyl- 

imioe (Mann and Povb), 1758. 


Ci4 Group. 

Phe naothrene, aolobility of. in organic eoWenti (Kk.vstock), 2124. 
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FORMULA INDEX. 


W 11-14 III 


14 II 


C„H,0, 2-HydroxyanthrAquinone, reduction of (Pzrkjn and WHAmw) 
289. * 


CuHA Dicbloroanthracene, preparation of (BARsm, Cook, and GHAis- 
obk), 2088. 

CuHiBr, Dibromoacthracene, pr«[>aration of {Bakkitt, Cook, and Grain. 
OKU), 2086. 

CiiHuOi Diace ty lace tone, preparation of, and ita salts (Colue and Rkiuy), 


CmHmOi Subatance, from ethyl 5-aIdehydosalicylate and acetykcetone (Wayne 
and Cohen), 1027. ' 

CuHuO* '^'Hydroxy-7*benzyIbutane-a«8-tricarboxylic lactone (Birch 
and Thorrk), 1833. 

Cj 4H„M, O'ToIidine, hydroferrocyanido of (Cummimo), 1296. 

CiiHuOi Diethyl o-phe ny Is nediacetate (Perkin and T itley), 1586, 
CuH»0> Tfltra-acetylaceritol (Perkin and Cyeda), 71. 

CuHasO^ Menthyl hydrogen succinate (Shimomura and Cohen), 2058. 
CuHu^^i Ethyl )3»me thy I methane triacetate (Ingold), 1149. 


14 III 

CxiH|OtH 1 ■.2.D i 0 X y*3*it itroanthraquinone, f-pentammino*! i2*dicobftItic salt 
(Morgan and Smith), 168. 

C„H,0,S l;2-D •io X yau th ra r^oi no ne*3*8 111 phonic acid, 2;3-dipentainniino- 
l:2;S'tricobaUic salt (Morgan and Smith), 167. 

C„H,0„N4 4:6:4';6Me tranitrodiphenic acid, resolution of, and its salts 
(Christie and Kenner), 614. 

CuHjOjN l;2*DioxY-S'ann noanthraquinone, 2'tetrammino.l;2-dicobahic 
salt (Morgan and Smith), 168, 

CitH|0iN« Dinitroanthracene. preparation of (Barnett, Cook, and Grain- 
GER), 2085. 

CuH,0|K| 2:4-Dinitrobenzil (Bishop and Brady), 2368. 

CnH|0|M| 'y*6:6'-Diiutrodiphenic acid, resolution of, and its salts (Christie 
and Kenner), 614. 

CtiHiOtKi Tetranitrostilbeiies (Bishop and Brady), 2367, 

CmH| 0*N, 2:4-DiDitrobeJiziln)onoiiiiie3 (Bishop and Brady), 2368 . 
CkHi^OiSi p-Diaolphidobenzoic acid (Smiles and Harrison), 2022. 
GuHuOtMt Ben*eneazo-4-oxybeuzcnedicarboxylic acid,,coba)tamiDiDe salts 

of (Morgan and Smith), 2872. 

CuHuOiN, Nitrobcnzylideneiiitrobenzylamines (Ingold and Viggott), 

2388, 2801. 

®uHuO|N| 2:4-DinitToheiiialdoxi ;iie*.N -tolyl ethers (Babrow, Gbiyuths, 
and Bloom), 1716. 

CiiHjiOjKi' BenaylidenenitrobenzyUraines, and Nitrobenzyhdene 
benzyUminea (Inoold and Pioaon), 2385. 

CiiHjjOjNi Nitrophenoxyacetanilidea (Minton and Stephen), 1694. 
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14 III 


FORMULA INDEX. 


Ci4HitO|N4 2:4-Dinitroben2aIdoxinie-A^-;?>jo©thjlinoinoi)henvI 

(Babrow, Griffiths, and Bloom), 1716. ^ 

CuHijONi 2:3-Dicyano4-beuzyl-l-methylt^/opropaiie-2-carbnTvU 

(biRCH and Thorpe), 1830. lamije 

-''-Ethylcarbazole-S-diazonium hydroxide, salts of (Morgan and ) 

CuHuOiS* Benzyl diaulpboxide, decomposition of (Smythe)* H’oo 

CiiHuHiS 3-Aniino-7-diniet]iylamiiio-4-thiolpheijaziue(WATsoNandI)uiii 

CuHiipTl Tlialliuiii di-0‘ and -^-tolyl chlorides (D. and A. E Goudaki 

Ci 4 H,«BpT 1 Thallium di-p-tolyl bromide ( 1 ). and A. K. Goddard) 
CuHuClBi Di-p-tolylchlorobismuthine (Challr.s-oer and Kidoway) 
CuHiiON /S.Phenoxyethylaniline (Olemd find Perkin), 645 , ’ 

C 14 HUO 4 N 1 Semicarb.<izonft of l 4^010-2-11 vdroiv.g.meth v 1 f*i 1 
na|>hthaleiic-3 acet[c lactone (Kon, SrKVKNjjo.v, ami Thohpk) 662 

CuHi, 0 ,N, Aceto-o-aud .;;.toluididL-a,-pyridininm bydroxides s^lt r 
tBAkNK'rr and Cook), 794. ’ 

O'Dianisidine, hydroferrocyaniiiu of (Cl mming^, 1296. 

CuHnOjNj Substance, from o-keto-ddy-trimothvlsuccinic aciii aiiii /i.i.L. ... 1 
diamine (Kon, Stevenson, and Thorpe), 664. ' 'iiyieLe- 

C14H14O4N3 2 : 3 :i Triketrv6-o-mothoxy benzyM:4■dimethvlninBP».• 

^F,>R 8 TKRa^dSAV^.LE). 821. 


Diamide of l ben2yM-methyIcv./opropan6-2:2:3-tricarbotY3i^ , i 

(Biroh and Thorpe , 3S3I. ^ruarnox^iic acid 

CuHirON ^-Naphtliyl-fl-dimethyUmiiioftliyl ether, hvdrochloridf. nf 
I tLEiio and Perkin), 646. ' 

CuHrOiN, «-Imide of yauo-aa^di met h y lryWohaiane -1 •l-diacetir 

acid tKos and Thokie), Jfi02. “i-euc 

«-Iraide of a«Muyano.«-etbylryr/ohoiane-l:l-ditcetic acid (Ron 

Thor PE ', 1^02. ' 

y-Methyb»*imide of aa'dicyanoa-methylayc/ohexane-M-diacetir 
acid !KoS and Thuhpe\ 1801 . 

CuHpOjNj Ktbyl l-metlivl-2-liydrindoiie-I-carboxvlate seinicarbazone 
(Perkin and Title v‘, 1670. 

CiiHirOiN ludicaii, constitutioii of Ma( hf.th and Pryde), 1660. 

2-3alicyiidBDe-l-m ethyl glucosamine (Irvine and Eakl), 2379. 
CjiHiiOiNi I nd 0 le-2-c a r bo x yd i m e t b y 1 a ce t a 3 y Im e t h via m id e (Kermack 
Perkin, and Kobinson), 1^86. * ' \ ^ 

3 Kelo-4-methyl-.3:4-dihydro-4-carboline Kermack, Perkin, and Rowx- 

so.N), 18S7. 


CuHh 0|N| Ktliyl 37 -d icy auo-y-met h vipen t ane-zM-dicarboxy late (Hope 
and ShELIh'N , 2231. 

CuH^OJI, icy a o o-^-li yd r ' X y-y-'m e t h y 1 nonane-o3-di car boxy li c 
acid Birch and Thorpe), ls.10. 

Substance, from «*ket)-^fl'y.trin)ethylauccitiie acid and p-plienylenedianiine 
(Kon, Steven si i.v, and Thurik , 661 . 

CuH., 0 .N, ■•Imide of aa d ic ar bam V i-ao'-d ime I h V Icyf/iihexane-hbdi- 
acetic acid sKon and Thorpe . 1803.' 

Ct^HMOiSd Selenium bi» C-e thy Ucety lace tone (Morgan, Drew, and 
BaKKEKi, 2461, 

C 14 HMO 4 S 64 Ditelonium bi*-U-et hy lace tylacet one (.MoROAN, Drew, and 
Barker), 2464. 

CisHMOrNi Semicarbazone of the oxilyl derivatire of ethyl glutarate 
(Dickens, Kon, and Thokpk), 1501. 
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FORMULA IXDEX. 


HiiMsm 


C,.H«, 0 Sw Substance, from potatibiiitu Jitliioetliylene glycol and chloropicrin 
(KAY and Pas), m. ^ 

‘ 14 IV 

C..H»OiN«CI' Substance, from a-ii^-dinitrobcnziloxime and nhoaphorua penU- 
chloride (Br.snop and Bkapy), 2369. ^ ^ 

C»Hi«0>NiCl Nitrophenylhjdrazone.s of clilorocoumarsn-2-ojies (Min- 

* ION and SritPHEN), 1602. ^ 

CUH 10 O 4 R.CI, 2:2''PicliIoro'6:6''-diriitr()-4r5'-ditolyl (Burton and Ken- 
nkr), 465 . 

CuHi»0N|Cl p-Chloroaeetylamijioazolunxene (Bah.vett and Cook), 795. 

Chlorophenoxyacetanilides (.Minton and Stephen), 1601. 

r H OjNjS 9-Diniet}iylamino-2-t]uol-d-i.hetjoxazone (Watson and 
Putt), 1942, 

Ci^HjANCl o-Acetoxy benzoic acid tD-pyridlniuin chloride (Barnett 
aud Cook), 797. 

CuHi,0:N,Pb Lead II itrotolyl oxides (OoiiDAJiD and Wakh), 265. 

CuHiiOiiNiP^j Lead diiiitrO'O tolyloxide (OannARH and Warp), 265. 

C HisOjNjS Methyl-orange, use of, as an indkator (Hick.man and Lin* 
STEAD), 2502. 

CuH.,0NI Eth oiyq uin aldine clh iodides (BiuiNiiouz), 170. 

C HiiNiClS Phe n y 1 li y d r a z i n 0 e t h a II e s u 1 [ih 0 n y 1 p h e n y 1 h y d razi d e 
hydrochloride (Ci.U'iTEKRUCK and Cohen), 127. 


C,5 Group. 

CuHuN 2:3-1 iideao(2:l]dn dole (Ahmit and Kobi.vson), 838. 

C HitOi 2-Hydroxy8tyryl furfurylidenemethyl ketone (Buck and 
** Hsilbro.s}, 1100, 

C HuO, Acetyl derivative of ac-l-keto-2.1]ydroxy-3-methyltetrahydro- 
^ naphthalene-S-acetic lactone (Kon, S'jeve.v.son, and Thorpe), 661. 
CuHiiO, Cate chin, constimtion of iXiF.REN.sTEis), 604. 

CisHviNt Quinoxaline derivative of c/.Wiipentaneap/rocyefftpentane-Sii- 
dione (Kon), 526. 

CjjHttO* Casteliii (+ SIIiO) (Bo.'Mas), 970. 

Kthyl hydrogen A^-butene-ao-dic arboxylate-^-rnalonate (kARMEft), 
^ 2018. 

C,jH„0| Montby! acetyl pyruvate (Siumomcka and Cohen 1. 2053, 


15 HI 

CjjH,0,Cl CKloro-l-beiizvliieneooniiiaran-2-oues (MiNTON and Stephen), 
1602 . 

CuHiOjCl Chloroflavonola (Minton and Stephen). 1602. 

CijHioOjNi Phthalylphenylcarbamide (Elliott), 206. 

Ci&HxoN,S, Dibeuzotbiazolylnietbane (Mills), 464. 

CuHuO,N Beiizoyhuaiidelonitrile, action of alcoholic sodium etboxide on 
(Greene and Roblnson), 2182. 


CuHx,0,Cl 

CuHnOxN, 

Ihoma.^ 

C.,HuO,N, 

2370. 
/wr . 


C hlo rod ibe 11 zoylme thane (Mouoan, Drew, and Barker), 2463. 
Ciuiiamo»rialdoxiine.2;4-dinitrophenyl ether (Brady and 

’2i4*Piuitrobenzilmouosemioarb3zone (Bishop and Brady), 


........ Nitrophenyn,,vJrazo,.e of motkyl aMehv.ios.lieyUte 

(M^ayne and Oohkn), 1027. iw.vkh 

Ci,Hi*0,K, Phenylhydtazone of methyl S-aldehydosalicylate { , 

and Couen), 1026. 
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tB IU-16 IV 


FORMULA INDEX, 


Nitrotolyloiyacetsnilidea (Minton and Stephin), 1605. 

CuHt<0tN| aiB*Dicyano-‘y-hydroxy-r^enzylbataDe-«A-dicirboxjlicaci{I 

(^IROH and Thorpk), 1838. 

CiiHiiOiN* Dini trobeDzaldoxime-iV'-f»'diraethylaminophB'nyl ether* 
(Barrow, Griffiths, and Bwjom), 1716. 
2;4-Dinitrobenzaldoximfl-A^';;ethylamiiiopheny] ‘ether (Barrow 
Griffiths, and Bloom), 17l(i. ' 

CiiHuONj Benzylidene derivative of ff-benzyUemicarbazide .(Wilson 
HOPPBR, and Crawforp), 88S. . ' ’ 

CieHuOaN, Amiuomalonanilide (Brndall and WiiiTELlt), 2110. 
Cx,H„0^ Carbethoxyarainoiuetboxynaphtboio acids (Froelicher and 
Cohen), 1658. 

Ct|Hi|N,S BenzaldehydfiiS-benzy ItliiosemicarbazoDe (Wilson and 
Burns), 874. 

CuH„0N r- and f-Phenyl-p-toIyl acetamides (McKenzie and Smith), 1357, 
CxiHtsNtCli Dibenzylcyanamide dihydrochloride (Short and Smith! 
1806. 


C„HuO,M Anil of cw-3:3-diethylcyc/opropane*l;2-dicarboxyUc acid 

(Desha PAND i and Thorpe), 1438. 

C 11 HKO 4 N Ethyl a-cyauo-O'carbethoxy-A-phenylpropionate (Davirs 
and Perrin), 2210. 

Ci*Hi| 0 |K| fy^-foHeianejfpirort/rfobntan-S-one /^-nitrophenylhydrazoDe 
(Ko.s), 621. 

C,.Hx,0,N Anilic acid from cw-3:3 diethylcyc7opropaDe'l:2-dicarboiylic 
acid (Deshapandk and Thorpe), 1438. 

CjiHuOiNs Phenylhydrazone of ethyl S-methy Icydebutan-l-oDe-a. 
aoetata (Lsoolb), 1162. 

CaHifOiN Kthyl cj-c tr bet ho ly be ozylma Ion amate (Davies and Perkin), 

2210 . 

Cufi» 0 N| Subs tame, from c^c/ohexutoue and ethyl a'cyanopropionate (Kon 
and Thorpe), 1802. 

CjaHwPi^^i 6*Methoiyindole>2-carbox vdimethylicetalylroethylamide 
(KERMack, Perkin, and IioBis8oN\ 1889. 

CiJHtaKA o^'Propanediaul [phony Idiphenylhydrazida (CLUiTERBrcK 
and Cohen), 127. 

CuH«0,N Semianilida of «-ethyl'.8Adimethylglijtarlc acid (KoN and 
Thorpe), 1800. 

C„H„0.N Ethyl A*-biiteDe-«8-dicarboiylate>3-cyanoicetat6 (Farmer), 
2017. 

CjjHgjO^Ki 3MethylindoIe'2-carboxydiia«tbylac6talylmethyUnjiile 
(Kirmack, Perkin, and Kobinson), 1888. 

MiaHFei Iron aitroiocaiboiiyl (Mond and Willis), S5. 

16 IV 

CjsH»0«ClBri Chloro l.be5zyiidenecoamaran-2.orie dibromidci (Mi.vton 
and Stephen), 1602. 

CuHi»0,CUTe Tellorium dibeuzoylmethane trichloride (Morgan and 
Deiw), 939. 

CuHitOa^ffip Phanylbydraione of methyl S'broinoaldehydoialicylatfl 
(Watkb and Cohen), 1024. 

a-Naphthylthioeeleiiinm loetylacetooe (Morgan, Drew, 
and^RKER), 2453. 

CuHliO«K,S DlmethylbarmineaalpboDic acid {P5H|0) (Krrmack, 
Perrin, and Robinwjv), 1896. 

CmPiANA «‘Dv‘j»-tolylcarbainidt^2t2Mianlpbonio acid, potaieium 

(Swm and Cohen), 2041. 
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FORMULA INDEX, 


ISiV-ttlll 

Cj|H„0NI ^-Benzyloxytetrafithyl.iTnmouium iodide(CLEMoaadP£ijKiN}, 

15 V 

C,iHi*0iNiC1BP| C1ilorobrfi»ion)3loD-^-bromoanilide (West), 220 J. 

CuHiiO|K|C1,Bp, Dichlororaalon-j^-bromoBBilide (W est), 2201 . 
CuHnOjHi^Bri Chloromalon-p-brainoanilide (West), 2201 , 
Ci>H»0|K,Bl*S BRn2oybp.bronio|.h<?nylbiureU-8u]p]iODic acid. Dotssa- 
ium aiut (d-SjUiO) (Scoir and Cohen), 2047. ^ 

Cj^HaiOiHiClSi Sabataiice, from piaacolylthlocarbamide and chloronlcrin (Riv 
and Das), 326. 


Gift Group. 

CuH»0| moH* matin (Crabtkee and Roeinsov), 1040. 
2-M«thoxy»iithraqQinone-l.carboxylic acid (Bradshaw and PEflKi\) 
917. ^ 

Ci*Hi|0, wBrazilein, aynthesis of (Crabtree and Robinsos), 1033. 

Benzoyl derivative of metbyl'J-aldeiiydosalicylate (Wayne and Cohen) 

102S. ' 

CuHuN l-MethyI-2:3-inilt!noii]dole3 (Ahmit and Robinson), 838, 

Ci*HuO, Benzoylbenzoin, mechanism of the formation of (Greene and 
^bikbom), 2182. 

CuHiiOa j-Diphenyhuccinic acid, preparation of (Lapwobih and McRae) 
1709. 

Ci|Hi(0| ^-Gambier'catechin carboxylic acids, and iheir aalta (Nisben- 
stein), 26. 

C{|HuS Difltyryl sulphide (Pope and Smith), 1168. 

C»Hj|0 Pheny l-p-methoxypheny I.A*.propene8 (INOOLD and Pigoott), 2386. 
CtiHiiNt Quinoxaline derivative of cw/cJheianc5pi>ocj(clopentine*3;44ioBe 
(Kos), 523, 

CviH||K| d.CarvotHDacetonephenylhydrazoae (Simoksen andEAp), 880. 
Ci|HuO| Ethyliiobtttylene'a'yTy'-tetracarboxylate (iNGORDandJflCKOlLS), 
1643. 

SubstEttce, from hydrolysis of capsularin (Saha and Choudhuky), 

1U45. 

Ct|H ||04 Thapsic acid, electrO'Svnthesis of (Carmichael), 2545. 

CuHaO, Pal mi tic acid, sodium salt, liydrolysis of solutions of (McBain, 
Taylor, and Laino), 621. 

16 HI 

CxiH|0t«N| 6:6'*Dinitropiperil (Greene and Bohisson), 2193. 

^uBiiOiNi p*Nitrobejizeneazo-4-nitro*a.naphtliol (Mr&ERJi), 2880, 
C»H,*0uN, 6:6'-Dinittopiperoin (Okke.vk and Robinson), 2192. 

ChHuO|N S'-Nitropipcroiii (Greene and Roeunson), 2191. 

yi'Nitrobeszeoehyd razo.t-Ditro-a-naphtbol (JIpkeb4i), 2881. 

2-Melhylbeuzothiazoleny Ibeiiiutbiaiolylmetbane (Milia), 

465. 

^'wHhO|M a-I)i phenylauc fin i mi lie (Lai'WORTH and McRae], 1712, 

CarbtDiliaonitrocionatiinrtrialdoximei (Brady and T hoitas), 

2108. 

ChHuNjCI Qnindoline ni o t loch lor tde{ARMiT and Rownsoji), 837. 
^wHiiOfNi CarbanilinociunaniAldoximcs (Brady and Thomas)* 

CuHijOiNi Acetyl. 2 ; 4 'dinitroh 7 drobenzoiD (Bishop and Beady), 2367. • 

21)75 



16 III-17 II 


FOUMTJLA IKT»EX. 


CiiHjjON Cinnftmajt/iiltloxime benzyl etb era (Brapy and Thomas), 2106. 

CiiHiiOjNs I'^Nitroaonialouanilide methyl ethers (Rrndau and 
WflltELBY), 2115, 2118. 

Ci,Hi«OBP| ^7 ^DibroinojiheRyl-iv-methoxypbeDylpropane8 . (Ingold and 
PiGOorr), 2386. 

C,iH,*Cl,S /9/8'-Dichloro./9i8'-diphenyIdiflthyI sulphide {Popi.and SMmi), 
1168. 

C,|H,;ON Acetyl derivative of di ben zyU mine (Short and Smith), - 1806. 

CiaHnOtN Ethyl o-eyaii 0-7-phenyl glut aeon ate {Ingolu, Vkws, and 
Thohpb), 1782. 

C„H,.,0|N| p Nitroio'3-pbenoxy d iethylau iline (Ci.kmo and Perkix), 64r, 

CuHnOjSt 4;4'-Dim«rhoxvdi-yj-tolyl disulphide (Sikwart), 2558. 

C„H„0N Anil of m'/ohexanej(p«/f»7/*dtfpen iane-3;4-dioiie (Kon), 523. 

CiiHtaN,! 2*;)-r) ime t hy la in iuostyry I pyridine me th iodide {Mills ami 
PoPB}, m. 

CuH,iO,Na A-Kthyl-« -iinido of aB'-dicyaiio-oethylfv<'^yhoxaTie.l:i- 

di ace tic acid (Kux and ThorI'K), 1802. 

C„H«ON, Substance, from inethylation of the «-imide of aa''dicyano<yc/f>- 
liexane-l^l-diacetic acid (Khn and 'rnoRpR), 1801. 

C„HhO|S Heiadecanes til phonic acid, preparation ami properties of 
(XoBRis), 2162. 

16 IV 

Ci«HuOiNCl 2-ClilorotoetyIaaiiuoiUJthiaiiuinone (IUknett and Cook}, 

796. 

Ci«HuO»NSe Cyan 0 selenium dibtMi/oy] methane (Morgan*, Drew, atiJ 
Harkek), 2468. 

Dibenzothiazol y I methane melhiod ide (Mim>), 465. 

CiaHtiO«K|S Substance, from thioethylena glycol and pheaylcarbimide 
(BiLNNErr), 2146. 

C„Hi*Cl*As,Pt Platinum bis-3-cb 1 oro vinylbi8-flA"i3"-tric hlorotri vinyl- 
arsine {MA>'y and Poi'B), 1758. 

CnHiiOiCliTe Tellurium bispi va ly lacctone dichlori<le (.Morgan and 
Dkiw), 938. 

16 V 

C i|H 1*0, Cl iiAS^Pt B i 8- AA'*d i c h 1 0 r 0 d i v i n y 1 c h 1 o r 0 a r s i n e b i B-66'-d i clilero* 
divinylhydroxyirsiu*" platinioh loride (Mann and Poi'E), 17c9, 

Ci7 Group. 

C,.H»,0| 2-Hydroxy hen ran throne (Pkrkin and Si-k.stlr), 477. 

C n H uN 1 -S t V r V 1 <so n i n 0 1 1 n c M I LL- and S M IT M ), 2732. 

Ci-HuO, 3V2-Dihy.lroTydistyryl ketone (+ H.O) iHrCK and Kkiluron), 
1097. 

CirH„0, 3-Bthoxy-2 phenylbcn/ojiyrylium hydroxide, salts of (Pkatt 
and 15Su. 

p-Methoxyb«uzylci«[t*mi'’ acid* (Ivgolp and Pimiorr), 23S6. 

Phenyl 2 'hydroxy a ethoxy styryl ketone (Prait and KobixhoN), H>80. 

CirHiiO, 7-IIydroxy-'} eihoxy-2-ph»'iiyIbeiuopyryliam hydroxide, salt-i 
ol (PRArr and KoHiNstiN , 

C»-Hi|0, Benzoyl ilerivative of t'yc/ohexancsp»V(viA:/open tsne-ajl-dione 
tlvoN), 523. 

2:8*Tetrarnethyldiaminoarri(ii»e (MGi*mJlLl.),^1508. 

CitK.O Bfiiiylidene-rf/ piperitone (Beau and Smith), 574, 

CtT^aaO Beriiy)7>'menthenol{HRAn and Smith), Wl. 
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FORMULA INDEX. 


17IIM7 lY 


17 III 

(A».r 

Ci,HxiON. •i.A mi tiobenzan throne (Peilkin and Sr«voKn), 480. 

aofCiJjolT “'•’ 

Ci;HiiO»^ ^:5*Dipiperonyloxa/.ole (Gkkkne and Robis'scs), 2188. 

e'.Kitro.3':4'-mHhyleuedioxy-2-benzyIi.lene.Miydrindone (ABiirraMa 

RobISJ50X)» 830. 

Substance, from benzoylmctbylenediojymnnddonilrilc and goditjm eUioxide 
{GREKVEand Robinwn), 2187, 

CitHuOiN* m-Nitrob€nzena4-azo-2-oxy-3-naphth(jic acid, and its cobalt 
ammine salt (Mono ax and Smu h), 2873. 

Ci,Hj,0,N, Hydroiy-o-naphthylidenenitroanilines (Morgan and 

Keevas), 4, 

Ci,HisO|Cl Hydroxy-2-atyrylhenzoi>yry)ium chlorides, and their salts 
(Buck and HEiinnoN), 1204. 

C.,H„0,N 6' 

-Amino-3';4'-inetliylenecli(3iy-2'beBzylidene-l-hvdrlndone 

(AamTand Kobissos), 331. 

Cl, Hi, 0, Cl Dihydro.xy-^-styrylbenzopyrylium chlorides {Buck and 
Heu.bkon), 1207. 

Ci^HijOiCI 2'':4^7-Trihydroxy-2-styrylbetizopyrylium chloride (B\:ck 
and HEiLtnoN), 1208. 

CiiHtjNS 4-Phcnyl-2-8tyry Uliiazoie (Mills and Smith), 2734, 

CjjHiiNiS, 2-Etbjlbenzothiazoleiiy 1 lien zothiazolyl me thane (Mius), 
4ti4. 

CjiHifOiK, Acetonaphtbalide-tt’-pyridininin hydroxides, salts of 

(llAK.sK'n and Cook), 7b;>. 

CijHit 0,H, woNitrosomalon anilide /Bexdall and Whiteliy}, 2115, 
CirHi,0,H. 2j4'DiiiitrobenzaIdo.\ ime-A'-yj-diethylaminophenyl ether 

(Barrow, Guiffu'hs, and Bloom), 1715. 

CiiH|,0(K Ethyl 2.carb!>.xyindolt;'l:3-diacctatc (Kkrmack, Peekik, and 
Kobinson), 1893. 

CiiHMOiN, Nitrobcnzoyl-dZ-piperitone-a-oiimes (Read, Smith, and 

Be ST Ivor. 1 . 10 ), 591. 

Ci,H« 04N4 3;3CDinitro-4i4''tet lame thyldUminodiphenyl methane 
(Movihjill), 1507, 


17 IV 

Ci7Hi,0K|Cl, 2-.6-Dioh!orntoliicne-4'BZo-j3'naphthol (Davipj,:), 813. 
Cj;Hj,0,NCl B'Naphthyl acetate w-pyridinium chloride (+11,0) 

(Harskit and Cook), 797. 

CnH i,0,N,Bp, 11 r 0 ni 0 rn .a 1 0 n m « t li y 1 b TO m 0 a n i 1 i J e (\Vest), 21 99. 

Diben zotbj ft zolylmv thane ethiodide (Mim), 464. 
2*.2'.DnnethyUKiocyanine iodide (Mn.i.s), 485. 

Ci:Hj|0iN,S Quindoline methosulphate (Armit and RoBts'.«ox’\ 836, 
^i5Hij0|N,Cl ChloTonialoiuuetliylanitide (Mesl), 2199. 

CrHpOjNiBr Bromonuloninetbylaiulide (West), 2199. 

Ci;H„0N,Cl /'jr..V.Methyl./iid-.V-propYlharmiiie chloride (Kirmack, 

rERKiN, and Komv.sos), 1894. 

^y'A''Propyl*/nd*ACni ethyl ha nnine chloride (Keum.uk, Perkin, and 
Robinson), 1894. ' 
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FORMULA INDEX. 


CiB Group. 

CiiH*0| Lactone of hydroxy ben zanthrcneoarboxy lie acid (Bradshaw 
and Pkrkik), 913. 

CiiHioOi Hydroxy benzaiithronecarboxylic acid, and ita aalts (Bradsux^v 
and Perkin), 913. 

CuHuOx 3':4'-Methylenedioxy-2-hydroxydi8tyryl ketone' ’(B uck and 
Heilbron), 1099. 

CiiHiiO# Methyl 2-methoxyautbra‘iuinone-l-glyoxyUte . (Bradshaw 
and Perkin), 917. 

CiaHi«Os M0thoxy-2-hyilroxydi.ityryl ketonea (Buck and Heilbrov) 
1098. 

CuHnOa Oleic acid, sodium salt, ultra- filtration of solutions of (McBain and 
Jenkins), 2325. 

t8 in 

CiiHuOfNi oa'-Dicyanodibeiuyl dike tone, colouring matters from (Dm 
and Ses), 2663. 

CwHiiCljBl Tri-p-chloropheiiylbUmu thine (Cuallinuer and Ridgway' 
108. 

CiiHuCUBt Tri-p-chloro phenyl bis mu thine dichloride (Chaixenger and 
RintiWAY), 109. 

Tri7>-bromopheny I bismuth ino {Challenger and Ridgwav' 

111 . ’ 

CiiHiaBrjBl Tri p bromophcnylbism u thine di bromide (CuALLENOKRanJ 
KltK'.WAY), 111. 

C„H„0,N Auhydro-6;7nie tby leneil ioxy-2:3in deno(2;l}‘q uinoliae 
metliohydroxido (Akmh' and RumssuN), 831. 

CuHuOsNg Carbazole-S-azoreaoroinol (MourjAS and Read), 2713. 
ChHiiO>N» N i tropheuy lami nobydroxy-a-oapb thy lace touit riles 

(HORiiAN and RekvesI, 4. 

3^4' MethyIencdioxy-2 atyrylbenzopyryliiim chloride 
and HEtLBR(iN\ 1209. 

Cx,Hj,DN, Ph eny lam i n ohydroxy «-napb thyUceto nitriles (MojicAv and 
R»EVE.'*), 4. 

CxaHuOuM. Htbvl l:6:4':6'-tetranitrodiphenake (Chmstie ami KehxerI, 
619. 

CuH|sO|N KthvI 2 3-indeiio(2:l) Indolerarboxylate (Pehkis and Titley . 
1563. 

C»HuO|Cl Met hoxy-2 St y ry 1 be nzopy ry 1 in m chi or idea, and their salu 
(Ik’rK and HriLftR'iN), 1201 

Cx,HuO,CI 3^ Methosy 4' b y d roxy.2-*t y ry I b^n/o py ry linni chloride 
(Bu* K and Win tAMt ', 1201 

CuHuOaN. Hydrazone of niptbyl 5alilebydnii»liryUte (Watxe aad 
COHRN), 1026. 

Ci,HpO,N, Kthyl cs r ba fo 1 e-S-azoacp toacpi a \ Mmhoas and HkaI' . .'r'.’. 

C,*H,:0*N| Rt by 1 2 h vd ri ndon p-l-carlio x y 1 at e p-nitrophanyiliyiii* 

azone (PiEKiN and tlti.Ev), 1569. 

CuHuOaNi Kthyl 2 bydrindone l «‘arboxylate pheny 1 hydritrone 
(Perkin and Titlev), 1568. 

C„H„0,H, iaoX i t r n sn m a I o n a n i 1 i dr and i^o-pfopyl ethers (KEsnuL^ 

and Whitelet}, 21 16. 

ijoXitroaomalondihrnzjlain ide methyl ether (Ri.vdall and hit*- 
un), »118. 

C||H«i0Ma Bate, and its ^ilu, from antline and acraldebyde (Mann), 21*?. 

CuH»0,N Anilic add from na l-methyM a-hexylcyc/opropanf-W'li- 
carboxylic arid (Bnti H and Thoree’, 1829. 

207 » 
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FORMULA INDEX. 


18111-19 m 


CttHrOtN Ethyl a»-cjftD ora ethane tetia-ac eta fl {Ingold and Nickolls) 

1646. 

Ethyl /3.cyanowopentane*o^85'-tetracai boxylate (Inqold and Nickolls) 

1647. * 

18 IV 


C,iHiiO,NS . ■4-Phenyl-2-tliia2oly]phtlia]oDy]in ethane (Mills and Smith). 
2734.* 

CiiHuCliBr,Bl ‘ Tri^bromophenylbismu thine di chloride (Challenger 
and Ridowat), 111. 

C,.HiiClaBriBl Tri-jo-chlorophenylbismuthine dibromide (Challenger 
^ and Ridowat), 109. 

CiiHtiONiCli 4':4"-DichlorO'2;4bi8bei]2eiiea2ophenol (Chattaway and 
Hill), 2758. 


CitHiaONiBri 4':4"-Dibrorao-2;4-bi8beDzeneazophenol (Chattawat and 
Hill), 2759. 

CtiHitONJi 4';4'''-Di-iodO'2:4-bisben2eneazophenol (Chattawat and 
Hill), 2759. 

CisHuOKiCl Chi orobe nzen eazoben ze n eazo phenols (Chattawat and 
Hill), 2759. 

C «H«0N4Br Bromobenzeneazobenzerieazophenola (Chattawat and 
Hill), 2759. 

0 HyONjI lodobenzeneazobenzeneazophenols (Chattawat and Hill), 
2760. 


CijHyOiiNiPbi Lead m -nitrophenoxide (Goddard and Ward), 264. 

Ci|HiiON|Cl 4'Chloroacetylaminonaphthalene-l-azobenzene (Barnett 
and Cook), 795. 

CtftHnpNjS 2'Amino.8-tbiol.lO-phenylphenazoiiinm hydroxide 
(Watso.v and Dutt), 1941. 

Ci»Hi«OFBi Triphenylbismu thine di fluoride (Challenger and 
Wjlkinbon), 96. 

C«HitO|H|Si D ie th y I sul p h in e'(bi8)‘p-tohienesul phony limine (Mann 
and Pops), 1054. 


C ]0 Group, « 

CiiHjjOi Ethorybenzanthrone, audits.salts (Pbrkin andSPENGER), 477. 
CaHifOi 3';4'-Dimethoxy'2.hydroxydistyryl ketone (Btck and 
Hkilbron), 1099. 

Tr imeth ox y-;9-gambier.cate chin carboxylic acid (Nieein- 

stein), 28. 

C]|Ht«0| 4:6;3':4'-Tetr am ethoxy-3-plienylch roman (Nierenstein), 612. 

CiiH||0| 2-Hydroxy-3;4dimethoiypheriyl j8-ver8trylethyl ketone 
(Crabtree and RnBiNSON), 1038. 

CiiHuOj Men thy I phe uoxymal on ate (Shiuomura and Cohen), 2054. 

19 III 

CigHi.O,N, Alizarin pyridiniumnitrolbetain es (Barnett and Cook), 
1388. 

Ci|HuO,N 2-Ace tylaminobenzan throne (Perrin and Spencer), 480. 

CiiHuOiNi 9-NitroanthranyMO'pyridiniiim hydroxide, salts o 

(Barnett, Cook, and Grainger), 2064. 

Aiihrdro-6;?.ra.thyUi.ediojy-2i3(3-methjiiDtleu<i)(2:l)- 

quinoline met ho hydroxide (Akmit and Kobinson), 834. 
9-Hydi'oxyanthranyi-lO-pyridiiiiuiii hydro.xide, salts o ( ak , 
CwK, and Grainger), 2065, r j ui ^ 

A^'PheiiylboajiraiDO*m-hydroxyphenyl ether, and its y roc oat c 

(Chavman), 1676. 
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19ni~19 IV 


FORMULA INDEX. 


Ci*Hi«OS* rithioltriphenyU'ar bin ol {Watson and Dutt),*1840. 

CiyHuOjNs Quinox aline derivative of rtr.l-keto-2-hydroxy-8-inethyltetra. 
hyuronaphthalene-S-acetic lactone (Kon, Stevenson, and Thori-r), 
Xanthorocellin (Foestek and Saviltk), 821. 

Ci»HxiOiH| a-Benzoylamino-^-[6-methoxyindoly)(S)]-acryUc acid (Kkh. 
MACK, Perkin, and Robinsonj, 1883. 

C,,Hi 70 ,C 1 3':4'-Dimothoxy-2-styrylbenzopyryHum chloride -(Buck and 
Heilbrok), 1210. « 

CuHi^OiNa Ethyl l-inethyl-2-hydrindon8-l-carboxylate nitrophonvl- 

hydrazone (rERKiN andTiiLKY), 1569. 

CjyHxfOiNt p-Nitrophenylhydrazone of «<'-l'keto-2-hyd roxy-S-methy]. 
tetrahydronaphthalene-S-acetic lactone (Kox, Stevenson, md 
Thorpe), 662. 

CipHt^OiNt Ac^tYldiphenyUmine-w-pyridiniura hydroxide, salts of 
([URNEiTand CooKl, 796. 

Substance, frora chiocarbanilide and chloropicrin {R.\y and DasI 

327. 

Cx»H]|0N aphthoivethylmethylaniline (Clemo and Pkukin), 649 
Cx,H,AN Anilic acid from 'r< l'bcua vM-methy ln/c/opropane*2:3-dicarl)- 
oxylic acid tBiRCH and Thokpk), 1833. 

CiiHfoOiNt Quinox aline deriv-ttive of me ihylcj^/opp ntane.sT^fVoci/c^pfn, 
tane-3;4 dioiie*2;5-dicarboxylRte (Dk KRNfl, Kun, and Thorpe , 1502. 
CmH„ 0,N, (.wXitrosomalonanilide n buty) ether {RENnAi.L and Whiiz- 
ley), 2116. 

/.soN i trosomalondiben zy lami lie ethyl ether (Krndai.i. and WiniELEY), 
2118. 

CiaH||OjCl 2-Chloro-4:6;3';l'-tf 1 1 amethoxy S pheny Ich ronian (Nierrn- 
stein), 611. 

Ci#HiiOjBp 3-Bromo l:6:r>':4' to t ramctho x y 3 phe ny Ich roman (Nikken- 
.STEIN), 612. 

Cx,H„0,Br 3*Bro inO'2-liy dro x y-l:6:3':Ftetrame thoxy-3-phenylchrornan 
(Xierenstein), 609. 

CuH„0Nx Cinchonid i n e, of tropic a^-id with (Kin*; and Paimkr), 258.x 
Cil^thotoxine, salt of tropic a^id with ,KlNii and Pai mek'. 2r)'4. 

Cx,H„0N, Mydrocinchonidiiir, salts id tropic ai id with (Kis<; and Pai.mkk), 
2585. 


Hydrociiich oni ne, salts of impic arid with (Kino and I’ai.meii}, 258.5. 

19 IV 


Cx»H«O.NBr Phenob^taine of hrnmn.ali7.ari npyridiniuni bromido 
tBAR-NETT a(nl TixiK), 1385. 

Cx»HxxO,NBri Hromoalizariupv! idinium bromide (R.M:N'HT 

and 0 ;k)K), 1385. 

CifHijOxNS (■atecholaulpliampb l hair I n (Dcit), 2392. 

Re.Horcinolsulpham ph tbaif in (I)i it), 2391. 

CxiH|xO;NS Hydmxyijuimilsul phain p h th a! rin 2392. 

Ph loroj^l ocinol sttl phain pit t hale i n (lb rrh 2301. 

C|tHuO*NS l:2:4;5 T»'trsbydrotyhfnzenriulpbaniplilhaleiii (Dm , 

2392. 


Cx,HuO|N.S 2:2 I III i nopheriolfliil phampht halcin : I>i ri . 2193, 

C||HuON,Br Hroniohenzenea/n./j-tiilueneazophcnoU (('iiArr.AWAV am 

Hili - i, 2760. 

C„Hn0,N,S, I)iphenylbUaio.2hydrnxy-7-naphtby] xanthate (''ai-x 

and iiiTr;, 2417. , 

Cr,H,j 04 NS PhenohulpharophlhflUin, and its s<Nlium salt (Dnrb .J U. 
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FORMULA INDEX. 


19 IV -20 in 


Ci,HiiON, 1 S, Ethyl -l-benzeneazo-Ljiaiibthylxanthate (Watson and 

DuTT), 1940 . 

C1.H1.O3N1S 4 : 4 M)iainiiio. 2 : 2 MnuiiophcnyUiilphariii.]it]ialein VBvnK 

2392 . . ' 

Ci.HrOKiCI p-CliloroacetyUmin.)azohenzcne i»yridh,iuru chloride 
{HAIlKEtTftliO Cfj(iK), 795 . 

C«Hi,N,IS. 2:2'-Dinthylthiocyaniin‘ ioiiuJe (Mills), L]]. 

Cj|H»N,lS 4-Ph'0i)y1thiazol«-2-alJeliydy p-dimeth ylaminoanil meth- 
lodide (Mii.IjS and JiMJjn), 2 / 3 o. 

CuHrANBr ^i^^o^,lO- 2 -^aUcy]^derJe- 3 : 5 :t]■triacetyl glucosamine 
(111 VINE and EakI/), 2375 , 


C20 Group. 

CijHiiOi Hydroxyhenzanthronecarbo-vylic acid dimctbyl ether 
(liKAUMiAW and PkkivIn), 9H. 

oa'-I)icyunO'2:3-dibeijzyL5:t)'i]ihydro[iyrazine (Ui’ir and Sk%), 

2(}d4. 

CmHioOij Acertaniiiii {Pekkin and Uyela), ijs. 

CioHjiO* 3:4:6:3^:‘U-Peiitajuethoxy-3-plierjyIehroiaan (Xjeuknsiein), 613. 
CjoBijO? 2-11 y ilror y-3;4:6;3':4'-peu tain etho>ry-3piit; iiy lednotnaa (XiEii- 
KNWTEI.v), 610. 

CioH|s 04 Ethyl thapsate (Cakmicjiaki,), 2548. 

20 III 

C|flH|i0sS| Di thiol fi uor cscein {\VAr>')N’ and Di rr), 1942. 

CwH.AN* 4-N i troll aph tlial e ijeazu-4 n i t ro-a-iiapli tliol (Mukei’Ji), 2SS1. 

Diamide oi' aa' ii icyano-^-benzyl giiilai'ic arid (.^ievknsox 

nud ThOKI’E), 1720. 

C„HuO|St l:r-I)ihydrox y-5;5'-d ijKijdith vl disiilpliide (Waison and 
iJL-ri), 2-116. 

c.„h, 40 ,s, rii-fl -n aph t li □ I t ri su 1 phi d e (M’atso.v and IJi Tt), 2418. 
CieHiAS, B e nze n t d i'-ci-l !i i 0 he ti 2 II i c acid, and its sodium .salt {.Smiles and 
Gka»a.m)k 2.508. ^ 

CyjHnOsNi 2:4-I)iu i ti obeli /: i 1 rnu !i 0 p lieiiy 1 liyd iMzone (Br.siioE aud 

IliiADY), 2369. 

CjjHi^ClTl Tlialliuiii di-B-napblliy] chlmideiD. and A. H. Goudakd), 
261. 

C^HuBrTl Tlialliiiiii di-a-n^plitlivl bromide (D. and A. K. Couianub 

26S. 

C;«Hu04Se, Selenium lieiizoyhce to iu> :Moi;(;an, Dukw, and Harkei:), 
2455. 

Ct4Hi(04Se4 (?;/r/vTriseleii i util bi siienzoy 1 aoe tone (Mukoan, Drew, and 
B.‘i!Kr.r), 24.54. 

Methv 1 X a 11 1 li oioce 1 1 i 11 ( bd'R'TKi: mid SAVim t'), S22. 

M,K04Se Selennim hi.slic 11 zoy lace tone (MoroaN, Drem', mid Bakkek), 
2459. 

Ml, 04862 Diseletuum bisbenzov laeei one (.MuRGAS, Drew, and 

Hakkeu)^ 2457. 

Anliydro]>ic‘roroeelli n . hoiisi'Ki; and SAvn,t,Eb S21- 

MnO.Ns Ethyl .V-cthyiearbazole.:J-azaaoetoacetate .Morgan and 

Head), 2716. * 1 

C,oH„N^ ‘l-p.Diniethylamiuostyrylw4miioliue methiodide ^MlLl.balJd 

Smith), 2733. ' , 

Ca^BAN, I’icroro cel 1 i n, constitution of (toRsTKK ami Sav ii.le , 8 n. 

cxxi. 2981 ^ 



20 ill-2i III 


FORMULA INDEX. 


Cj^HvaO^Cl 2-Chloro-3:4:6:3':4'-pentaraothoxy-3-phenylcliroman‘'(N]E|{j^,, 
sz'BIn), 613. 

Base, from />-toh«diiic ami acmWoliyde (Mans’), 2182. 

CjoR^tO^N] Qninotoxine, salts of tropic acid with (Kino and Paumer), ‘258i. 
CaoHiiOsNa l)i-;i-toIiiidide of a-liydroxy-jS methyli'lntaric. acid (In'gotjj) 
2689. ‘ ' . . ^ 

CioHiAN, Di-p-tolnididcs of aa^d ili yd rox y-^-me thy Iglutaric acids 
(IsGOLli), 2691. 

C«H„0,N 2-Sal icy 1 ill en«-3;5;6-t I iaoety!-l-ni ethyl glncoaeamine (Irvinp 
ami Earl), 2379. 

C|«H|«0tNt lIydro<iiiinidiiic, salt of tropic acid with (King and Paukr^ 
2582. * 

Hydro quinine, salts of, witli tnipio acid (King and Palmer), 2582. 
CtoHrOiiN Aniygilalin, hiose from (Hawoiitii and Lkitiui), 1921. 

Ca>H„OioN Ethyl w cy a no-£.r'«"-d ic arboxy luei hanet i [acetate !ls(;<„[, 

ami 1 'euhes), 1118. 

20 IV 

C„Hi,0*ClJe Tell mi urn his benzoyl ace tone dichloride {Moiu;^n and 
Drew), 930. 

C^Hi^OaFeCU 7:5 .6' T r i iin! 1 1x0 X y-2*ine t li y l-3:l*i u deuu(2hU) hcu 7 .o- 
pyrylimii fer ric h luride ^^CiiAnriiEE ami Kohjnsun), 1036. 

CieHiiOjFoCl* {\s() Ilicmatei n forrich 1 oride tetramethyl ether (Chai!- 
IKKK and Kuiunmis), 1039. 

CtoHi,OtNS 6:7-Mctlt Ylenedioxy-2:3i;3-ker ni ,idcno (l;2)-qninoliiie 

incthosiilphate : Armit and Koiunson\ 836. 

CnHtiNtlS 4 Phenyl-2-/j-dimt*thyl am i iios ty ry 1 th iazole nuftliio.liiie 
(.M ILLS aTitl Smith ■. 2735. 

CttHsiNtlS] Methyldietiiylthiooyaniue iodid 0 .s (Mills), vii; fMii,i.s 
and llKAiMiiii.r/h 1193. 

C»H«0,Se,Cu C o[>])er seleninm ^'’-hUacelylacetmic (.Morgan, ])i:ew', 
and U.ARRKi;', 2451. 


Cji Group. 

3-P}i*-Mnxy 2 jilionyllM iizopyry liinn hyilroxide, frniiddoride cf 
(Plait and gun >••>!, 1582. 

phenyl 2 !i vd r'l x v fi p henu x y sty ry I ketone pRArraml Horinson), }.*)S1. 
CiiHiiO* 7 M y d roxy 3 j>he no ly 2 qihcriy Ihf iizn py ry 1 iuin hydroxiiif. 

furrichl'uiil*' td {I'RAi r ;imi IhmiNsoN ', 1581. 

C|iH„0| Pcnlamet hijx y ziy^amhicr catochini'arhoxy lie aci.l {Nierk.n'- 

stkln), 2'^. 

CiiH^O, 2-11 yd rnx y 4:6:3':l' r,.tramel]iOX y-3 ot)ioxy-3-phenyk’hroii)ni 

^NlKRKVsiris , 

21 III 

C„H,aO.N, 2rhl oroacetylaminoanthraqiiinone pyridininni hydr- 
oxide «sxlt4 of Bakvki r and Pomk 796. 

C„H,:0aN I'-hi inelliyUmi no-tri li ydi ovy 9 phenyl fluoronr.s (Mi rekjiI 
550. 

C||H|pNBr t’i n nam y lideii »‘qu in aldine e t li n brora id*' (Mli-f.s ami Hameig, 
2013. 

C,|H»NI Ci n n a myhden equina! dine cthiodi.le fMli u and Ha.v!EiP, 201i 
C„H„0,N, Methy lanliydropicrorocallin (KoRaiER and Savillk\ «21. 

C„ HmO,N, I) i a t, 1 1 i d e . d /m .n . 3 : 3 d i <• t h y 1 Cfjr^o j. r o p a n e 1 : 2 d i e a r ho xv 1 1 e 
‘ arid 'nEaJiAr\vtiE arid TiinnrF,), 1437. 
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formula index. 


21 111^22 III 


CiiHwOiNi Dianiliile of 3:3-die th vl ^i/z-Za 
acid (DESHAPAMJEandTjiORPK), 1441.^ ^ 
C|iH||0|N, K thy Illy (I roc ii prein e, salt r.f i.v.- 


meth- 


v*^coiiArA.MJK and XJIORPK) I441 " ‘ "'‘’'" •‘♦-‘•‘Ucarhox) 

“f -r- acij .u, (K,v« a J 
Kth,n.ydz„eup acM 

CjiHkOjNS 0 r g i n 0 j 8 u I j» ii a tn |) h t h a ] e i ,1 ( D e rr \ 239 ] 

CtiHijOijNsFibi Lead 4*n i tro-o-tol v I fix idi* rrv r L , 

C„H.,N.IS 4-l’li = «yl-3-metl,yl-2.thiazoi;„ vl 

iodide {Mills and S.mjtm), 2736. ^ ^ nu^„. 

CnHjjOiFeCU 7:5':6' 

-Tr i in etiio.x y-'^-ct li vM 1 ■ 1 

C H 0 FecC ''rs'l' r ''"‘'N- 'na,';’ 

CnntiO^r ev^ f^triiniethox Y-2-mpHi.. J Cl 1 ■ i 

C„H„N.IS 2.1 ■D,ethylth.o„„cy,a,u,.e i„,|ide (li.ur.Houz .and Mills,, 
.':«i.e..,yl.2.et.iy,thio,„,cya..i„, .odida (BLai-siio,,. and Milu,! 

«2; (Mills 


C>j Group. 

CaH..O. M»thylai.edioiyl,c,iz„ylbenzoin (Orezst. ami I!o,.,vs„.,i 21<in 

ResorcnidphenyLsuccinei., (L.uw,„,rii and MfRisi ■^;23 ' ’ " ' 

C H o‘ , (M..m,.av'a,ul Read,, SdU 
CH n and lioiMNsnx), 2IS9 ' 

C h"o ^ onliydride (S.m,„, Rr,, and LaR, 142.a 

y«‘*iol^’ainpliorcin (SiNGji, K,\i, and LaO ] 4->7 
lUsorcuioIcamp herein (Kkishsa , 255 ; (.Sjrcak and Di tt' 12S4 

D,:txX 1286;' {SixGir. 

Pyrogallolcamj.horuin ^Sivgh, J{ai, and L\l) 

C H n (Kri 8 HNa\ 254 ; (Six,;., K,r, and Lal\ 1425. 

( atecholeampliorcin {Sini;„, K,r. andLAid, 1427. 

” STPi.s)fb^ 0 .^^°*^ ^ 3>|)heiiylc!iroiuaii (aViEBEX- 

iVntH.nethoxyn,etliyM-,niliior-catechin-c;irboxyIate(X^^^^^^^^ 

c”H**n* (-'nornnntY\ 1044. 

** LaAokJ* 110 ]*° salt, inoinirtii-s of stilntions of (Fleokrr and 

r H n KI 22 III 

C**H* n ha li mi nojili enol (Mukerji), 549 . 

^’^‘««y^*<^>cciiiyloosin ^Lipwiiki ii ainl McRae), 2724. 

C*V D ^•^•^M^JitliAlimiiioresoreinol (Mckkiui), 549. 

C**K Aw^* 2:3-DipiperonyI(iuiiiox.iliiie (Lrekse and Ronixsox), 2194. 
n uON, Uarbazole- 3 -a;! 0 ' 3 -napIitiiol (Moiigan and Read), 2713. 
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22 in-23 III 


FORMULA INDEX. 


CnHjtOrN 6'-Nitro-3':4'-niethYlenedioxybenJ!oylbei}Zoin (GrVvvd> , . 

Ruitixsrts, 12190. ' 

C»Hi}Ci|Bi Diplieti vl-a napli t U vlbismuihioe dicliloride (Chai i Evovn « j 

Wn.KiNSdN), 102. ' , ■ 

C„Hx,0*Br4 Tf tr-ibro morf soi'cinolcainphoreln {SniCAunnd I)L:n’’l losr 
{SiNtiir, Rai, find Lai, b 1429. . ^ -2 ; 


Phetiyl. 


CziHfoONi 2-Hyilrindoiiecarl)f>xyIi<-‘ acid pli eay lhydrazid<! 

hydrazonc (Pekkin and Titi.ky), 1.^08. 

C«H„ 0 *Br 4 T ot rabvoiDO |)h e Ji oleain pli orei n ( Kimshxa) S'iS . 

CkH^O.N ;/2-Ainiiiop}ienfilcAinphrtiein (Si nr a it and Dutt), 1286 . 
CiiHmO^N* Cf/(V(jHexaiie'j/>i'm7/r/Lipeiitaii e-:i:4-dinn0 osazone (Ko\) ^<>3 
C„H«N,S, Me iizened li iodi methyl an iline (Smiles and Gkaham)' 
CjiHmNjCI Substance, from «-ditolyUlii(icarbatnide and chloronierin 'Pu" i 
l)\s\ 327. ' 


C«H„0*N, //rPhiMiylenediainiriOL’aTnphorein (SinrAi: and Durr) l-^8f' 
CnHnO^N, 'Diinetb yl]>icro rot-ell in (Fukstek and Savu.le), 820. 
C|*H«K,S, ^J-Xyleiiedi-p-thiodimethylanilinc (.Smiiks and PikAHAM) 


C|jHuO|N 2*S a I i oyO i d e n €*d:&:6 1 r i a c e 1 y ] -1 -e t h y 1 glucosamine 

aitd Kakl\ 2380. ^ • K 

C«HkO,S, (86'd) i plienox v-oa'*d i me thy M iiobuty 1 disulnliidi* popp i 
ShiiiM, 116^. ■ 

Ci,H,oO*N, Kthy! 2 : 4-.1 iryan o- 2 ; 4 *<licarhoxy(*vc/»yhut aue-l iS-di-a-nro. 

pioiiate I Net’ll*, PEia-.KN, and Thoki-e), 1787. ‘ 


22 IV 

C„H„0,N,P Ktbyl triphenylphosphineKlyoxylate-azInc, reaciions of 

IlKArMlol.TZ', 804 . 

C„H„ 04 NS Trinieth yi deriYativo of plieii olsulpha m pli th.ilein (Dm- 
2890 . ' " 


C«HmNiIS fi-M et liy 1 2 : 1 ' d iet h y 1 1 li io<,« ryani ne iodide (P>i:ArMinn 7 
and > 111 .!.-“', 2007 . 

5 :r: 6 '-T ri m r t hy I 2 -m a y 1 1 li i of<o-yaninr iodide ( MkAfsnoMy. an ! 
MiU-ib 2007. 


C -. Group. 

Cy|H|«0| 5;6-l>ik et!v7:7* i imctliy !-r):6.diliTd ro*a*il i napli tliaxantlien (Sks- 
<Ji t‘T \ and Ti < KER . a»‘0. 

Pen / o V I pi peroin GiiiiK.vr. snd RorinsonI, 218*. 

C„HwO 7;7-D i M e t It y I-a-d i n apli t b ax a n t !i e n, oxidation of {SKN-Grri.^ aii'l 
’1 rCKEE). 7*79. 

C»H,A .7:9- D i hydro v y-* ; 7*d i m e t h \ l-a-d I n a ph t h a x a ii t h e n (SKN-Clf ri.t 
Hill! TroKEH , r**)!, 

C«H„0, 7 :9 - Di rn e I ho X y-7 ; 7*d i tn e t h y l-aol i n a p }i t h a x a n t he ii SENdJi i-iA 
and Tucker), 762. 

C«H„0. Di w \ m^' 1 oxy-l iphetiy I met h ane (MArKRNziE), 169 «r 

23 III 


C*H^ 


1*N 8' - X 1 1 ro *3: 4 : r4'-di incth T 1 f note I raoxybenzoylhenMin 

REESE and H(iR!Nsov . 2 ) 92 , 


C«HpO,N Memo r ].2-be n zoy ! 0 xy.4.m eth ox v ma tuleloiii ti ile (Grerxe 

*nd 1(061 vsr>N), 2197. 

C„H,t0,N ;>-M ethox vben/ylcinnamanilidea (Iniidli) and IV.KiiK'il 23?<. 

pK 1 troVenz V liflnnehM-/)* li ! ro benz al Ichy d erne thy lin'd r- 
- atone MkaI'T an 1 M( Ht'oii), 1871. 
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FORMULA INDEX. 


23 III--24 IH 

‘^“"“^‘Ki»NoT6l7.’ (C.nnsT,, 

CijHmOjoN ' Ethyl :4-tricarbox>v///'///biit-'ine-I-acctate 3 a- 

j>roiiioiiate (In<joi, 1 ), rjtituEN', and Tiioni^E}, ]78x. cctate-3-a 

23 IV 

C«Hi| 0N4CI ^-eiiloroncctylaininonariiithalr-ne-l-a/ohunzoiie nvridin- 

ium chk)riile {Haknktt and Ohjk), 79r>, ’ .''iiuin 

C«H»0jNS Diacctyl derivative of ['h eno! sul [.hamphthalein (Dutt), 

C»H«NiIS| 5:5'-l)imo til y l“‘^:2'-d ietliy luarljoth iocyanine iodide (M[ lls) 
4t)^. ' 

23 V 

CijHuONjIS 6^'E t Ii 0 X y-2:l ■1 i e 1 h y 1 1 li i 0 1 v 7 (; V a n i n e iod ide i Ih’ \u.\ noi I 7 
and M[LI.s), 2007. ‘ - . . 


Cj 4 Group. 

Ariiiiinfilienaiitltranajihtliazinos (Sn;.-\i: and Dm), 1947. 

C 21 H 11 O 4 j3j3-Di-2-a-naip]it)i;ujiiinonyliiriJii:ine (SE.s-GmA and Tl'ckE};), 
n 6 I. 

C{tH}|N 4 Diani inophenant hrann jili tliazi n es Sib- ae and Durr), 1946 . 

Qii'-J)icyano-2:3-dibenzyl4ui uox aline (Dm and Sun), 2664. 

ChHi-Ni aa’-l) i ry a n o-7 -1 ni i n 0 - 2 uDd i h e n zy 1 4 n i no x a 1 i 11 e [ Durr and ^?s), 
2ri6a. 

CjiHijO, 5;f3-Dik(‘to.7-!net li y 1*7-0 t liv !-fi;6-d i hy 'I rn-a-d in a jili t ha x anthen 
{SkN‘Oui’Ta an<l Tin KEi:), iFy.i. 

C| 4 Hi« 0 f 3^-I)i-2-a-na jih til aij n inon vl liuta ne i^Sex-Guita and Ti'cKEi;), 
16 L 

CjiHjjO 7-M e 1 1) y l'7-et tiy 1-a-d i iiapli t'lia xan then, oxidation of (Sux-GunA 
and Titkkr), 563, 

CmH»0| 5:9-Di hyd rox y-7-ine til yI-7-eth yl-a-d ina j>li t liaxanthen (Sex- 
Gfi'TA and TUi'KKH', 564. 

5:6'I)iket 0 - 7-111 e t liy l-7-«'iirn py ]-5:6 di ii yd ro-a-dina plitliaxaiiTlien (Sk.\- 
GuiTA and Tin keh), 566, 

Fhioran ileriv.itivc of cam p!i orio anliydride (KiiWIna ■, 255. 

Ci 4 HjjPI) Lead tetra phenyl, ire of, in pTefiaratinn (if organo-iiiptallii; com- 
pitinida (GoiMiAiih, Asin.KV, and Kv.\x^'. '.'di'. 

C||Ht«Sn Tin tetTaplion vl, ire of, in ]'rej luatifii of oritano-imtallic cnnijioiinds 
(lioiMiAitu, Ashlev, ami K\ Asr\ 97S ; nciion of (hallic oldoride on (D. and 
A. K. I'.OMIIAIII)), 259. 

o-Creso) c am pli 0 re i 11 a n hy d ri de ^Sinoh, Kai, and Lai\ 1427. 

Ci,HnOi o-Cre-so loam pli 0 rei I) i,*SiNi.Hi L.m, and Lai.\ ]4'26. 

Diniethy) ether of phe no 1 cam pli oreiii iKHisu.v.4\ 254. 

24 lU 

CiiHjj 04 K 4 Hr omod i ni trorlioiiaii t h I ain pli til azine (Sn;cAR and Dm)! 
1946. 

CiiHj,N,Bp, 2 : 7 -DihromnpheniiiiHir;uiaplitlia 2 ine ; Sircar and Drn), 

1947.. 

CjiHjiOiNj Nitropheruntliranaphthaziiu's (SiucAU ami Drif ', 1946. 

^uHiiOKj Hyd foxy ph ena n t h ra n a phthazinea (SiRCARand Putt), 1947. 
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24 nr-26 II 


FORMULA INDEX. 


CmHuO|N, DihydreiypheuaTjthranajth thaiines (Siiicak aii^ 

1947. 

C|(H]^0|N 2-B-enzoy)ainiiiol>6n7,antlironj0 (I'KiiKiN and Silence n), 
C„Hi»0,N H yd r ox vbenzanthronecarboxy anilide (Biudshaw and Pf|. 

KiX). 913. ■' . 

C«HuO,N N i 1 ro-derivative of 6:6-d ikcto-7:7-di motb^l-5;6-;l i hydro a-dj. 

n:i i-h tbaxantlien (SEN-GuerA and Trc'KKH), 560. ■ 

CiiHhOjN, 2:6-Diketo :l:6-dibeiizylideiie-2:3;5:6-tetrahy(iro wa-beii?:],is. 

]iyrro[e(l)AViES!ii)'l ’iJd.'i:!. 

Ct 4 Hi| 04 S| N aphthale tu'di HL-thiobeu7.olc acid (.Smuxs and Gkaii^m. 

C„H4,0»N N i t ro di'rivaticc of 5:6 dikrto-7-int'thyl-7 ctliyl-5:0-diliy(lro a 
dina[)hthaxantlien (Sen Gimta and Tnxr.K), 563. 

C«HjflOT!| Thallium diphenyl oxide', and its salts (A. E. and I), Ooidiakd) 

C„H„0,N, Sn Instance, from j/rdiiiitrnheiizcue and hydroxy uii'thoxydistvrvl 
ke-toiif (l)i t’K and HEli nnos), 1099. ^ 

C»4H,j0tNi 2:7 Dinit roi>h(‘nant!iraiia[ihth.izine (Sihcak and Durri 
1945. 

C„H„0,N 33'-ni-2-na |>lit lioxydicth ylamino (Ui.emo and 1 ’eiikis), 6}G. 
CuHnOtBPi Dihroiiio-o ort'solcam phurein fSjNUH, Kai. riiilLAi) 
CuH„0,N Phmvlurctliane of bcii zy 1 ;j-m en t In* nol (Kem) ami Smiui) 
581. 

24 IV 

C|4Hi|0jN,Br| l)ibromi>nitro)»hcjunthr»nai)htha3iin,- (SinrAii :iM,l 
Dm , 

C„H,»0.N,Br 5 Brom o-4-n i t roph en a n t It i ana j'lilhaziin^ (Si in a n rniil 
Bi rr , 1919. 

CmHmOjNiS ’Jir-Dihyd roxy plic nanth runaph t hazi ne-Ti-snlplioiiir acid 
SjnrAR aiiil Di n ). 1 9.50 

c,4H»o,n.s 2 a in i noph (■ n :i ti t h ran a ph til az i lie rj-9ul ic arid, and 
lU wxlinni .<aT (Sik''.u: an i Di’rij, 19.50. 

CmHuO.N.Bp Ml r n oh*' I a i III* of a I ira r i n d i py r id in i mn dibroiniiie 
(-}-li,0! (BAnvEii and . 1387. 

r he iinbe tai ij e of Itv n t aza r i n d i jiy r i d i n i u ni dihroniide {Baknt.i r and 
Cook . i:^^, 

Phenohetaine of ij ti in i /a r in 2:3 d i py r iel mi ii in diliromidp (}lAi:sK,rr 
andfNvX). 13'4. 

C»HuO,N 4S 2;r D i am i noi-hpn a n t h ranaph th aziiie-12-.sii)plionie acid. 

end if 9 <4o<iinm ■'ad .Sinrkn and Dm , 1919. 

CMHi.0«N|Br, A 1 i za r i n ■! I py r id i n i u ill di bromide (Baiinett and Cook). 

n^6 

H vxtazarindipvri'li ni n m dil'roni ide ; Bai;\eit and Dook'<, 138^. 

Qii i n i 7 ar i iA-2:3.d i py r i rl i u i ti m d « b ro m i d e (B u*. v Ki r an 1 Cook ', 138}, 
C„H„04N,Br4 A 1 iz ari n d i p y r id i n i uni per bromide {BAnvKrT and (ook), 
1386. 

24 V 

CnHpONJS 6' E t h o X V • 5- in e t ii y 1 -2; U-d i e t h y 1 1 )i i o iso r y a ii i h e iodide 
■ Br.ArsHoMz tmi Min> , 20o8. 

Cji Group. 

CiaH jaNi « i'- D i c y * no • 2:3oi i h e n z y I -S ni c t h y I q n i n 0 x a 1 i n e ( Dr TT and Sen), 
2665. 
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formula index. 

25 11-27 II 

CjjHioOj "5*6-r)iketo-7;7-(JiethyI.5;6.di]iyd ro-a-tli n ajiV m 

(iuPTA and Ti^keu), 56f. ^ ^^‘*'^I'f*tliaxantheti {Sek- 

■C„H..O. l)i- 2 --n»|.l.tha,,„i.,o,>y||,e„ta„t. (Sks-Ghta and Trc«H). 

«f (.SEN.Gn.u'and 
(SEs.Gt-m and 

(.SEs-.C,,.nA 

C»H|| 0 j Menthy! acety Ini alonat e (Sji jmomi’ila and Cohen) 2(iM 

25 III 

C»Hi,0,N XitronWivative of fi:6-Jiketo.7:7.,l ir-t l. vl , 

tta|»l»thaiaiitlu*n (Sen-Ol pta anrl Titkeh), '-dihydro a-di- 

CKH 2 jNtP * ^^pI'^”ylpkos[»liinelH‘iizaldeli vdea/'iii.> a.i/l a 

(llPArxHorTz), S05, uea/m., am] its rca/jtions 

C„Hj, 0 ,N, 

l-IJeit^yl.i-nictliylnWoiiroijaiie i' . 

(ttiiii'H and Thorpe), I S 32 . dicarbox y lanilide 

25 IV 

CjjHuNjBr.I Dibromo lil'-dietlivlazurin. i o.I i des (Mon.o,M ) ]oio 

25 V 

CtiHwOiNiStNa, Xylene cyan ole /^(Hkkmax and Lixmeah), ‘2504. 

Cm Group. 

^””’f^’TA'and'Va‘K^ '(-fe- 

C^HjiOi Diacetyl derivative r.f plieiiolcainjilioroin (Krishna), 254. 

CmHjjOi Diethyl ether of p h e n o I c a m |. Ii o re i n (Krishna), 254. 

C„H„0, Mcnthyl e th n x y :,i e t li yl e n etn a 1 onate (Shimomi-ra and Cohex), 

i 26 HI 

CiiHhN|C1 i5oQii ill ol in e-red fM arris and PurE'i, 1032. 

C 11 H 10 O 4 N, ^*Dl)i](lieiiyl-3-e-nitroplienvI-2 ;Miitrop hen rl-1 :3-d i met h- 

nidiazidine (Isooi.n anrl ricr.uny 2722. 

l.-J;*>H’^'^'»>.vl-:3./a-i.itropheiiyI-2-^-!ivdroivplieDvM:3-di- 
nie till nd lazuli lie ( I V(;i»i )» and run.iii i ), 

^**^a”d*D!-n7 ?2 "r ^ ^ hydrochloride of (Sircar 

CiiH» 70 „N K t h y 1 2 0 y a n o -2 : t : M r i e a r b 0 X y lui t a n e-3 a i. r 0 p i 0 n a t e> 

1-malonate {iNttoi.n, Pekkes, and Thmri e . 17SS. 

26 IV 

^ derivative of alizarindipvridiniiim dibroniide 

(Harneit jiml CuOK), 13S7. 

CmHhON|Bp 1:4-1) i ]iben y l'3-;> broin njihen v vdroxY}ihcnvI-h3-di- 
»ietlii ndiazi (line (I N'r.i>t t> and IMiouiii), 2*728. 

Ci7 Group. 

Di acetox v-7:r-d i 111 e t h vl-o d i napli t iu x a ii t hens (Se.n-Ocpta and 
f>'ciJRR), 560 , 562 . 

^*'^1*623 y ^ droxy-ni- and -/»-t oly ] methanes (Macken'z.ie)) 
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27 n- 30 II 


formula index. 


C,-Hm0i 5 Pel argon in (Clturky), 319. 

C„H 4 oO ,4 Ethyl 2:2:4:4-tetracarhoxy<7/r/obutf ne-S-acetate-l-iualonate 
PfUKKN, and Tkoiu’K), 17^8. 

27 III 

CrHaiNiCl 6'-Methyli’^(]ninoline-i’od (Harkis and Pore), 1032. 

CitHitOiN Substiince, (Voni /j-ditnethylainiimbtMizaldehydc’and niHhoxyliydroxy. 
tiistyryl ketone {llrrK bikI Hem rkhs), 1099. 

Ct'HtsOgN Cevine, jirt>jural.ioii ol' (M ache in and Hon in son), 157.}. ■ 

27 IV 

Ci-HnOjNjBrt Hroiiiornalontetnibromojihenylamidc (West), 2‘iOO. 

C,,H„0tN,Cl (’hloroiiialon tetra jihciiylaiiiide (Wy:a]), 2200. 

C]>H]i0jN|Br Hromo mal oiJ t et ra jih e ny 1 aiuido (West), 2199. 

Caa Group. 

CwHjiOj Substanee, l'n>iu 21 iydr'*xyaiitbra 4 uiuone and di>xtrose (HRAnsnAw 
and Tkiikin), 921. 

CijHisO* 2;2' Ililiyd ro x y d iantli raq uiuoiie {Hkaosh \w and I’kiikin), 92 I. 

C,jH,g0, 2;2' Diliydroxyiliantliryl (PEiiKis and Wh.UTAM), 290. 

y d rox vd irt 11 1 b roiK' (Pkhkin ami Wn a i' fa m), 293. 

C21H19N4 ao'-Di'- van o 2:3 di niMi/y 1 1 t 11 a pb t ii aij n i n 0 x a I i ue {Dt ri ai^d 
>ES ', 2iJor), 

C„HnOj D i ar* e t n X y-7 -m r t h y 1-7-e t h y l o d i n a j)b I h :n a 11 1 h e n s (SEs-Iin-rA 
and Tl i KEK), ''Ol, 

C„H,iO| Piacetvl driividive of o-c re sol.’a m plmrei n (SiNon, Hu, and 
LalI, 142^>. 

M*?tbvl ho |>t amr til y 1 am ygdal i nate (Hawoium and LemciP, 

I92t. 

28 in 

C|*HuN,Cl tV-F.thy I inoli up-rt'd (lUnuisand PoI'K), 1032. 

C„H„0N4 troiii A' ethylearbazohvll'diazoniuiii < lilnridi- and 

amimmix (M(ii:';a\ and Keai> , ’-717. 

28 IV 

C„H,A^I|S aa' Hi y 4110 2:3 y Mnl-naplithaquinoxaline-^ sulidi- 

un n: acid (Urii and Sks , 

CmHiANiS aa'-Dicy ino 10diy trnxy 2;3-dib.‘nzyM:l-iiaiilithai|niiif>ia:- 
j n r 8-^ n I pho ti i f a-'id Dr rr 4iid SenK 2'»*)d. 

C,,H„ 04 ^^iS| n i tr M I n f u 1 1 . li ->) d i ph e n y U t !i y 1 e n r d i a m i 11 e Cl.KM-. 

and Perkin), 


C29 Group. 

C»H»ON, i.Uiinoxatinfl d.riv.«ti%'.> ■>!' .^r^dik*‘lo.7:7dim.•^!lyl■^•;ti•■li- 

b X d ru a d i n 4 ph t h 4 X i n ! iit' n (>r.N3!M-i v and Tl"' kkk). 

29 IV 

C**H„0,N,I Diet ho XV 1 U diet!) vicar t'oryanino iodides (HiiAl'NHoi.n), 
171. 

Cao Group. 

C,»Hm 04 2 2 ' Di m*’ t 1 m> xyd iant h r v<| ui none (HkaJ'SH v w and I’eukin). 9.0. 

Sj3'.DiniMli.>xydian throne (Perkin and WnATi vm), 291- 
CMHfjtOn T^trafflivl denvatir# of pyrogall'^lcAniphorein 

nd L\l,), !4'«. 
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FORMULA IXDEX. 


30 III-32 II 


30 III 

C H OiNi Dinitroan^Iinoplienanthranaphtliazitie (SiacAii and 
” 1949. 

C H -ClBr# 2 ! 7 'I)ibromf)naplithaflaviudnlirif; (Onr), ]952. 
r**HiB0iNi 4-Nitro'5'a))ili»ciphMiaiit}iraiia])htliaziuc {SikCAii and 
** Dm), 1949. 

r 0*S6 Helen in Tii dehyd robisd i benzoyl me lliaue (MniiOAx Dkrw 

a“l IUkkk.h)’, 247). 

C HioOiSei •Selenium dibenzoylmotljanc (Moi:nAV, Duew, and RAiiKER), 
2496, 

r H OiSe* ci/e/oTri selenium bisdilH^nzcyl me than e (Montas, Drrw, 
lU llAltKEU), 2467. 

C HmNiCI AmiuuiiRphthaflaviiidnlin.*!^ (Di'Tt), K>.'4. 

C*°H N 4 CI Diaminnnaplit liarU viiMlu! iiu'S (Di’TT), 
aa- 1 J ic V a n i)-l -p 1* e n y l-2;o 'd i W e u z y 1 tj u i n 0 x a 1 i 11 j n tn eh 1 0 r i <1 e ' Di'r r and 
.Sen'), 2666, 

C H 0N| ()uiuoxatine derivalive of r>:6'diketo-7-ii]etljyl-7-etliyl-5:(5-tli- 
** ]fvdro-fl-dinapbt)iaxant)icii (SKN-I.IriTA and Ti'CKEr.), 

C H "OtSfi Selenium bi.sd iljeii zoy 1 met liazie (Mocoan*, Duevv, and 

** Barker), 2464. 

C H 0 Set Dise 1 eu iu rii bi sd i lien zoy Imct li 1 n e (^[oImAN, Drew, and 
” lURKRR), 2467. 

30 IV 

C H -OtNiCl Dinit rotiapli til al'lavi ii d niines {Drn), 1954. 

Q HibO|NiCI Xitrouajilitbnfiaviiidulines (DiTfi, 1!'54. 

C*^Hi|0,N|Br S-Rromonaphliiaflavinduliuo ni t rat e 'Dm'), 195d. 

C H ONiCl Hyd roxynaph tbafl a viiiduliiies (Dm , 1955. 

OjNiCl Diliydro xyiiaplitliaflaviiiduliues 'D itj;, 1954. 

30 V 

C H 0 N ClBri I)il>romoni troziaphtliafLiTindulinc (Dm), 1955. 
C«HuO)N|ciBr Hromodiiiitnon.ai.litliaflaviudulinc (Dm), 1955. . 


C,i Group. 

C.jHfjOt Dibenzoyloxydi^tyryl ketone r,r<'K and Heii.ruon), 109<. 

3t III 

C.,H„0N, Quiiiox, aline d^"i\'>tiv- of .5ol-diketo-r;7-djetby]-5:6-dihydro- 
a-diii«plitba X‘''n SKN-0ri'i.\ ml 1 rcKnu’, 

CiiHmN|P Triplionylpl)ospbiiirbenzo[.heuoQc:iziut>,iva.’tuuisof{BRAT*N- 

tioi.rz), 301 

31 IV 

C,iH«0 „NS 1 '.2 : 4 ■ 5 ■ T e t r a ■ a c e 1 0 .X y b r u z 0 JH> .s u I P h Q m ph t h a I c i n ( Df rr), 

2A'.<2. 

C.,H„o',N.Cl, 1' ic 1, 1 cro mA I c I, t c l r ;> l.c c . v I » i ,le yVEsy, 2201. 
CtiH„0,N,Cl U h U) r o m a 1 0 n te t r ab e ti z y 1 ,a in i d e ,4V EM .-OU. 

CjiHjiOjNjBr Brnmomalouletrabenzylamide ,\Vk.m'\ 2200. 


CjiHijOj 

C|;Hm 0 u 


c,, Group. 

2:r DiaeetOXvdiautlir.viuiuoue JWunsHAwand PeRKI.v), 920. 

• 2 : 2 '-Diaeetoxvdiantl.ryl (Pf-RKIN and 44 W.D 

3-.3M)iaceloxydiantluune , P erkin and 44 HAmMu -- 

l'2'4i5'7:S-He*xa*aeotOTvflunraii (MckeWI'. 54k. 
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FORMULA INDEX. 


3211-38 III 

aB'-6icyaiio-l />-folyI- 2 : 3 -dibeii 27 l- 6 -iiiethylquinoxaHne (Dtr. ,. 

aud 8kn), 2666. f 

Fftita-acetylcniKsularin (Saha ami CllouDiiunv), 1045. 

32 III 

CjjHigOiN Cevadiiie (MAcnRTH and Horinsos), 1571. 

32 IV 

C 3 |H«,OjN 4 Sj nijibenylbislizodi-o-iiaplitliol trisulphirfc (Watnon! 

Di n}, 2410. . ' 

C«H,AN*S, Diph e nylbi sa/.o liy il rox y naphthyl me reap tans (Wat 
and Ditt), 2416. ■ 

C33 Group. 

C„H„ 04 N.S, Substance, from “ saeeliariu " and wi-phtnylenediamiuc Iiv.li 
ci.loride {Di ri ), 2303. ^ 

C„H„0,N:S3 Suhstance, from “ .‘tacclurin " and 4:6-di4mii)oresorcini 1 !ii 

Lliluiiiie (DfTT). m\. ' ^ 

CmHmO,NS Di benzoyl derivative of phe 11 olsu J [>h amph tli aiei 11 (Ditt) 

C3, Group. 

CuHuNiCl aa - Dicy aiio l am aplitb Yl-2;.3-di benzy lijniiioxal iniuui 

chloride (l)rn and Skn), 2666. 

xa'-I)icya«o4-phen yl 2:3-dibenzyM:4 naphtha(|nitu>xaliinuiii clilor 

ide (Drrr ami Skn), 2666. 

Cae Group. 

Cj«HmNi 2:7-Dianilinophenanlhraiia[>htliazine (Sikiak an.) Dnil 

I04S. 

C,«H,,0a Dilunzoyl derivative of phenolcain phorein (Kkihhna), 251 , 
CjiHggOn A.' cty 1 ace rt an n i n (rKUKis am) TYRnA}, 60. 

36 in 

CmH^OiN* Diplilhalyl deiivative of 2: [;5:7-tet ra-amino 1:8 d ihvdroxv- 
1 1 U" ran (Mi kekm), 540. 

CisHtjOiNj N it rodianilinuphensntliratiaphthaz iiie (Sircar ninl Ih n , 
10{^. 

c„h„o,N4 3 a M j 1 i i! o It a p 1 j t h a fl a V i n d n ! i n e 11 it rate (iM n), 10.53. 
C,*HhN»C 1 aa'-D i y an o.»; an il i no-l-phc n y l-2;3 d i benzy i(| ui noxal iiiiuin 
chloride ; Dr n and Skn 1, 2667. 

ChH„ 0,N, Rase, ami its salr.s, from Diiilalmn of has.*, I'nHgoONj (.MasnI, 
2180. 

Cw Group. 

Cg 7 H^Ot 5:0-Dibeti zo y In xy'7;7*di m.:t li y i « .linap hlhaxantlicn (Sen- 
UrrrA and TrcKKfi), .562, 

Cj* Group. 

CmUsiOi 5:9 nibt*n zoy 1 0 x y*7-inet h y 1-7 et by l a-d ina p)i tha x an ihou 
{S*.\-Oi:t'TA and TrcKXKl,' 564. 

CgaHwOw r a u n i n i a tannin I N 1 k R RN ^ r £ t \ }. 23. 

38 III 

CjsHjiOijSlli Penlabenzoyl d-rivative of met h y 1 st annon ic acid (I.am 
. BitfKVK), 253P. 
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formui^a index. 


39 III-52 V 


j Caj Group, 

o-N itrobe.,zo:,|<;e,adi.,e a.„l , 5 ,^ 

C41 Group, 

C.,H„ 0 ,.N. ■ Di(»'..i trobenzoy])«vi„e (Macbeti, a„rl no«,.v.,oB), 15;; 

G42 Group. 

C„H,.0, 2 : 2 '-Dit,Bnzoj-|oxy,Ua„thr)-l (1 >e„ki.v a,.,l Wbatt.am) 291 

42 jij ' 

C,,H„N,CI ' -D i a „ i I i „ „ „ ,1 1, h t ), a f U V i „ I i „ e ( Di; , , 1 9-, 3. 

Cm Group, 

CsoHaoONiiSii Sulistiimre, fmiti chlorouicriii * 


tliio-4- 


Cm Group. 

Methiixy-lerivatlv. of paulli^ia tan .i n (X.E.KSvrEiN), 27. 

Cs2 Group. 

CaHuO|N,S}ASt ^ from trii.henvl'irs'ii,-,. < h. V ii v 

/>-lolu.-nt'suI{phf)naiiji(le (Mann aod I’uee)', 1054 aud 
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KKKATA. 


VoL. 115 (Trans., 191 ;?/. 

P.ige Line 

S\7 2 fur “ A/IO'Sotliun) hydroxiile ” " 0 37fl.\7lu-3i>umm Jiy<i(oxi,|^. •• 


1221 :l< 


1201 IS 


VoL. 117 (Tuans., 1920) 

Iltl>l(\ce the dtusm-i ((ix'tn hy~ 

Di I)V 1 ^^-9. DV 17556, D'VinSl 

Menu coelliciriit uT tUlatiil i<in lu-lwn'U 0^ and 30° U’00083.‘’ 

Voi.. 119 (Trass., 1921). 

for dimyOnjldiky'li-orfsorciml " read “ t'ycloAcjr/ri^spirQcvdu/njia .^ 
3 : ^-dionr. ” 

fonmiU XX.XIV should nad 

pj{ t H, Clf,^ , ^ ^ Ct'lHr 


1641 

12* 

and 

throughout the pajHr; for " AndrvfifKjon 
.tndn-^> i‘j' a J u'a ranri'nx." 




Voi. Til (Trass., 1922). 

sf 

20 

f>r 

i'jOj.NKe/' r^ud 

337 

21 


.SlhNK V " r tid ■* SvhS kY." 

575 

26 

after 

•‘till " i-i.u-rt " llio rcduerd. ' 

600. 

25 

fd,- " 

l',M,0,<'iSPb ’ r.ad 

1131 

17* 

'h-hd' 

‘ ' H.i" V(>r , . . iirjd. ' 

1301 


r-nuih I\ HhonM rnd .('O.ClL«Cli:CMc‘Kt. 




+ — • ” + — 

1301 

5 

ihoHi 

d r^id X -llr + \a -OH~-X.OM + N:» Hr. 

1396 IfOtt'itii .6>r ‘ 

a‘ai^ otu ’’ 

1612 

17 

d<Ut 

■' 4.50 graEin. nr. " 

1 75 1 

5* 

fnr ‘ 

'ulidiiiiiini ’( ■ r.'.i'/ “ s i'philiriiil.ps, ' 

U‘51 

7 


C„Hp'\N('l >">d ' 

2278 

19 


[N,]^ ■ r^ad 

2111 

14* 


Ij hours ” ro/.v -t J mins '■ 

2111 

K.* 


61 , , ' r-ad " 61 hours, ' 

2420 

6 




2432 

6 


Nrt rx" rnd " rirt x/r 

2624 

10* 


4-M;*ro- *' read “ 4-atiiiro ” 

26.52 

rt* 


read ' 
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PKOCEEDINGS 

OF TJIK 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, dune 1st, 1922, at 8 p.m., 
Professor T. M. Lowry, ('.li.K,, F,U,S,, ^ ’ice-President, in the 
Chair. 

The Chairman referred to the loss su.“?tained by the Society, 
through death, of ; 

Died. 

Georgo Ro^lo^tson Hislop tiin. IS.O. May I8th, 1922. 

The following were formally admitted Fellows of the Chemical 
Society : A. D. Gay and L. A. Seeley. 

Certificates were read for the lir.st time in favour of : 

Allin Cottrell, 3, Oxford 7>mu'e, Ktlinburgli, 

Reginald William Grimtlis, H.Sr., 137. Holly Road. Handsworth, Birmingham, 
bhn Watson Jenkin, H.Sc.. A.I.t'., Trogardook, St, AustGl. 

::|iulam Safdar Khan, U.Se,, Votorinary ('ollego. Lahore, India. 

Hiroshi Nomura, Chemical Instilnto. lin[>('n«l rniversity, Sendai, Japan. 
Harold Pieklea, Tlio Gas'vork.s, Kildwii-k. K(‘ig}i)oy. 

Stephen John Watson, ILSe., Ho, Oaklield Ttrraee, Oosfortli, Xewea.stle-on- 
Tyne. 

Llexander Mitchell ^^’UIianlS, M.A., O.Se„ Slurley Institute, Didsbury, 
Manohestor. 

I The following papers were read ; 

[ihe reactivity of (loiibly-conjiigateii unsaturated ketones. 
Part III. Unsymmetricai hydroxy- and inetby.xy -derivatives. 
By J, 8. Buck and I. Heilbron, u ' t s 

Thenopyry Ilium salts of distyryl ketones. Tart. I. > 

Buck and L M. Heildron. • 

King^chain tautomerism. Tart U. The t t gem 

diethyl group on the carbon tetrahedral angle. y 
Beshapande and J. F. Thorpe. 
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Ordinary Scientific Meeting, held in the Lecture Halt of the 
Institution of Mechanical Engineers, on Thursday, June 8th 
1922, at 8 p.m., Professor H. E. Aiimstrono, LL.D., F.R.S., Vice' 
President, in the Chair. 

Dr. H. H. Dale, F.R.S., delivered his Lecture entitled ; 

'‘Chemical and Physiological Properties.’’ A vote’ of thanks to 
the Lecturer, proposed from the Chair, and seconded by Mr. Francis 
H. Carr, was carried with acclamation, and acknowledged by 
Dr. Dale. 


Ordinary Seieiititic Meeting, Thursday, Juno loth, 1922, at 
8 p.m., Sir Jamks Walker, D.Sc,, F.R.S., President, in the Chair. 


Reference was made to tlie loss sustained by tlie Society, through 
death, of : 

Kiev toil. Dip{). 

William Gowliuul toh. 2ii<b IHTI. Jime luth. 

Thomas Honry Johnson May oth, 1U21. Pob. IDth. 


The following were form ally a<bnitt4Ml Fi'llows of the Chemical 
Society: R. A. Fitzsimons, H. U. Harrow, E. .M. James, and 
H. L. 'Riley. 

Certitieati's weri' read for the first time in favour of : 


Willitim Leslie Carter, Kllesiiien*. Blnxculg*' Sin'Ct, Langley Breen, Mirmitig- 
haiii. 

Wilfrtxl Thomas Grey Davies, ILSc-., I'las y Loe^l, Derllwyn BonU, Tumin, 
Bridgenil. 

Roy Gardner, R.So,. Ti^tdinu al High Sc hool, Dunedin, New Zealnnil. 

John Ernest Jewell, 114, Gruve End Road, St. Johns Wuod, X.W.S. 
Charles William Mmjrhead. .a, Newbridge Read, Hath. 

Albert linumdi IVaree Rage. .V.R.G.S,, 27. Tnn/.a R->rt<l, Hiuniwteud, X.W. 
Arthur Seholetield, Puult-m Hey. Rrumhfirough. Hirki'idiejol. 

Staidoy James Currall Siie^lk*-r, the liuwarw, \So<h 1 Hey, Rock terry, hirkeie 
hca<l. 


Dr. H. M. Atkinson and I>r. P. (\ Austin wore elected Scrutators, 
and a ballot for the eh*ction of Krdlows was held. The folIo\\ing 
were subsequently deelarcil elected as he Hows : 


Oorgo HalKirovsky. Ph D. 

Stanley John Hailey, H A. 

Hafty Itainrs, B.H*'. 

Frank Helton, H.S-. 

Victor (,’wil Bran.v)n, B.Se., .X.U.C.S., 
A.I.e. 

Robert K'uHi C^mnan, M,S<’. 

Bibhu Cdrartiu t.nalterjw, 


RoU-rt Stanley t'ullKirno, H.So, 

A.H.G.S. ^ ^ 

Brierley Firth, •> 
Margaret Wliite Fislieiidcn. IhSo 
Walter Hert»ert Fulwoiler, IPS. 

Frt'denek Walter G.xldani, M. A. 

R<dK*rt Swrtin.son Hall. 

AlU'rt HttssoU. 
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Edmund' Langley Hirst, M.A., IJ.Si'., 
Ph.D. 

Dorothea Annio HofTcrt. 

William Job Jenkins. 

Peppo Joseph Lev'y. 

David McCall; B.Sc.* 

Richard Edmund Antony Mallet, 
B.A. • * 

Ronald George Wreyford Norrisl], 
B.A. 

John Goodrich Oats (Jiinr.). 

Ralph Henry Parker. 

Edith Annie Peach. 

Claude Bernard Meister Platt, M.B.E. 


Arthur Plowman, B.Sc., ARCS 
A.I.C. • • • •► 

John Prydo, IkSo. 

Juda llirsch Qaa.stel, B.Sc., A.R.O.S. 
Edmond Samuels. 

Jolm Charle.s Smith, B.So. 

Rojiald William Stevenson, MC 

M.A. 

Valeriy Emelino Sophie Swainaon 
HSe. 

CliJord Dane Thomas, B.Sc, 

Xowroji Jarnshedji Vazifdar. 

(.ieorge William \Vigg. 


The folio \nng papers were read : 

Ring-chain tautomeri.sni. Part IIT. The occurrence of tauto- 
merism of the three- carbon (gliitaconic) type between a homo- 
cyclic compound and its imsaturated open- chain isomcride.” 
By C. K. Ingold, E. A. Perren, and J. F. Thorpe. 

“The tautomerism of dyads. Part I. Experiments on the detec- 
tion of tautomeric equilibria in hydrocyanic acid.” By E. H. 

USHERWOOD. 


LIST OF FELLOWS, 1922. 

The List of Fellows for 102:? is being prepared, and changes of 
address received after July Jlst, 1922, cannot be included therein. 
Fellows whose Christian names and dcgrce.s do not appear in full 
are particularly requested to notify the A.ssistant Secretary. 

Owing to the heavy cost of printing, the List will be sent only 
to those Fellows who make application prior to August 31st, 1922. 


THE LIBRARY. 

The Library will be closed for Stocktaking from ?\Ionday, August 
7th, until Saturday, August 19tli, 1022, inclusive. 

During the four weeks August 21st to September 16th the Library 
will close daily at 5 p.m. 


List of Papers received between i\lay 19th and Juno loth, 1922 : 
The interaction of sodium chloride and silica.” By F. H. Clews 
and H. V. Thompson. 

“ Ring-cliain tautomerism. Part If. The effect of the pm- 
diethyl group on the carbon tetrahedral angle.' ^ By S. . 
Deshapande and J. F. Thorpe. 
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“ Dyes derived from saccharine. The sulphim-phthaleins.” gy 

S. Datta. J 

“ Dyes derived from diphenyl -ketipic- dinitrile/’ By S. Datta 
and X. K. Sex. 

‘‘ Tliermal expansion of gelatin gels.” By A. Tatfel. 

‘‘ The role of protective coIloid.s in catalysis. Part 11,” 

T. Iredale. 

” The chlorinated dialkyl sulphides.*’ By W. J. PoFE and J, L 
Smith. 

“ Oallotannin. Part XIII. The itleniity of digallic acid from 
gallotannin with .synthetic wMligalJic acid.” By M. Xiere^-. 
sTEix and P. W. SriER.s. 

“ ExfKTinients on the .synthesis of the polyaeetic acid.s of methane 
Part VI. CVindition.s (>f formation by' the cyanoacetic ester 
method of iinstahle methanetriacetic esters and a new .synthesis 
of methanetriacetic acid.” By (\ K. IxooM) and E. A. Pkrrfx 
“ Tables of average speeitic and atomic heat capacities of chemical 
elements in the order of the increment of the atomic weights 
and their interjiretations. The law of Dulong and Petit” 
By P, X. INSKY. 

*' The (lissoc'iatiou prt'ssures of hydrated douhle sulphates, Part I, 
Hydrated cupric alkali suljiluitcs.” By .M. Pavkn and 
J. FEROrsoN. 

'■ The action of siHlium sulphite on h^ad iodide.” By 0. Sinch, 

“ 2 : 3 : t)-Trirnethyl glucose,” By .1, Irvine and K. S, 
Stkei.e. 

“ Resea rcdies on the eonstitution of coal.” By S. R. Ii.unowortr, 
The eomjiosition of paratlin wa.x. Part 11.” By E. Francis, 
(V M, Watkins, and R. W WAi.i.iNoTtiN. 

" Ring-chain tan torn ixism. Part III. The occurrenee tif tauto- 
inerism of the thrcc-<-arhon (glutaconic) tyjK^ hetween a homo- 
cvclic rorn pound and its unsaturated i.sorneridc.” By X. 
Istnii.n, K, Pkkhkn, and ,1. E. Thorpe. 

Note on tlm cfTci-t of a magnet ie iield on eataly.sis by joii.s in the 
presenceof a [)ara- magnetic salt.” By W. E. (lARNKuand I). X. 
Jackman. 

RecipnK’al induced polarit v effects in cresols and their derivatives. 
Pro|M rties r)f thi* isomrxiiMnethoxybenzyl hnuiiides.” By A. 
Lapworth and J. B. Shoes mith. 

■' Intcrmetallic * ai tions. The .‘^y>teni aluminium arsenic. By 
Q A. .Mansi HI. 
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